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2.1 Overview
On October 30, 2000, the President signed into law the Disaster Mitigation Act of 2000, also
known as DMA 2000. Among its other features, DMA 2000 established a requirement that to
remain eligible for federal disaster assistance and grant funds, local and state governments
must develop and adopt hazard mitigation plans. On February 26, 2002, the Federal Emergency
Management Agency (FEMA) published an Interim Final Rule (IFR) that set forth the guidance
and regulations under which such plans are supposed to be developed. The IFR provides
detailed descriptions of both the planning process that states and localities are required to
observe and the contents of the plan that emerges. The IFR requirements were later codified
into 44 CFR, §201.6. This City of Galveston Hazard Mitigation Plan (the Plan) responds to those
requirements.
Hazard mitigation is often defined as actions taken to reduce the effects of natural hazards on a
place and its population. The City of Galveston developed this Plan because of awareness that
natural hazards, especially flood and wind, have the potential to affect people, physical assets,
and operations in the City.
Contact information for the Plan is:
Rosana Pratt
Deputy Emergency Management Coordinator
PO Box 779
Galveston, TX 77553
(409) 765‐3710
rpratt@galvestontx.gov
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The purpose of a mitigation plan is to rationalize the process of determining appropriate hazard
mitigation actions. The document includes a detailed characterization of natural hazards that
can affect the City; a risk assessment that describes potential losses to physical assets, people,
and operations; a set of goals, objectives, strategies, and actions that will guide the City
mitigation activities; and a detailed plan for implementing and monitoring the Plan.
This Plan focuses on 17 city‐wide hazards with the highest potential for damaging physical
assets, people, and operations in Galveston. These hazards are:


















Biologic Event
Coastal Hazards (Erosion, Retreat, and Subsidence)
Drought
Environmental Disaster
Extreme Heat
Extreme Wind
Expansive Soils
Flooding
Hail
Hazardous Materials Incident (Fixed Site and Transport)
Lightning
Sea Level Change
Severe Winter Storm
Tsunami
Wildfire / Urban Fire
Tropical Systems and Hurricanes
Tornadoes

Both the risk assessment and mitigation action plan sections reflect this emphasis, which was
the result of careful consideration by the City of Galveston Hazard Mitigation Plan Stakeholder
Committee (HMPSC).

2.2 Organization of the Plan (updated)
The Plan is organized to parallel the structure provided in the IFR. The Plan has 10 sections.
Section 01
Section 02
Section 03
Section 04
Section 05

Table of Contents
Executive Summary
Context
Adoption and Approval
Planning Process
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Section 06
Section 07
Section 08
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Section 10
Appendices

Hazard Identification, Profiling, and Ranking
Risk Assessment
Capability Assessment
Mitigation Action Plan
Plan Monitoring and Maintenance

There are references to the IFR throughout the Plan. Where possible, these provide specific section
and subsection notations to aid the review process. The Plan also includes references to the FEMA
Plan Review Tool, which is used in reviewing mitigation plans.

2.3 Hazards and Risks (updated)
2.3.1 Hazards
Sections 06 and 07 of this Plan include detailed descriptions of the process that was used to
assess and prioritize the City’s risks from natural hazards, qualitative risk assessments for the
City and more detailed assessments for certain asset classes.
The HMPSC used an evaluation system with five criteria to reduce the range of hazards to those
with the most potential to impact the City. The criteria are also discussed in detail in Section 06. The
criteria included: (1) History, (2) Potential for mitigation, (3) Presence of susceptible areas, (4)
Data availability, (5) Federal Disaster Declarations and local emergency declarations.
Because of this evaluation, the HMPSC determined that 17 hazards present the greatest risk to
the City and its residents; the hazards with the greatest risk identified are:
Biologic Event (updated)
Coastal Hazards (updated)
Drought (updated)
Environmental Disaster (updated)
Expansive Soils (new)
Extreme Heat (new)
Extreme wind (updated and separated)
Flooding (updated)
Hail (new)
Hazardous Materials Incident (updated)
Lightning (updated)
Sea Level Change (updated)
Severe Winter Storm (new)
Tsunami (updated)
Wildfire/Urban Fire (updated)
Tropical Systems and Hurricanes (updated and separated)
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Tornadoes (updated and separated)
For each of the profiled hazards, the profiles in Section 06 include:







Description
Location
Extent/Severity
Impact on Life and Property
Probability of a future occurrence

One hazard was eliminated from the previous version of the plan: terrorism. It was determined
by the HMPSC that the threat should no longer be included in this plan, as there were planning
mechanisms better suited to address the threat. Four new hazards were added to the plan
update, including extreme heat, expansive soils, hail, and severe winter storm.

2.3.2 Risks
A risk calculation is a FEMA requirement. Risk is a numerical indication of potential future
damages. Although a range of events from tsunami to hazardous materials incidents all have some
potential to affect the City of Galveston, extreme wind and flooding are clearly the most significant
City‐wide hazards, based on the criteria and experience.
The City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) conducted a risk
assessment exercise to determine the vulnerabilities to assets within the planning area. The
exercise was conducted at an HMPSC meeting. The updated hazard profiles were used as the basis
to determine the vulnerability of and risk to assets within the City.
All hazards profiled received a qualitative risk assessment. After discussion and consideration, the
HMPSC determined that five of the profiled hazards posed significant enough risk to warrant a
quantitative risk assessment.
These five City‐wide were selected for much more detailed assessments and estimations of future
damages. The risk assessment found in Section 07 describes and analyzes the risks and
vulnerabilities to the City from the hazards profiled in Section 06 Hazard Identification, Profiling,
and Ranking. The assessment includes a vulnerability description and information as to the
identified risk to public and private assets (where applicable).
Prioritizing the potential impacts of hazards on City assets was based on both a quantitative and a
qualitative analysis of the identified hazards. This allowed the HMPSC to focus planning effort on
the hazards most likely to cause future impacts to the community. The HMPSC used historical data,
local knowledge and experience to rate the exposure, probability and impact of each of these
hazards. Each hazard identified and profiled received a qualitative risk assessment. The anticipated
impact of the hazards was then assigned a value of Low, Moderate, or High. Table 2.3.2‐1
(following) describes the definitions assigned to these terms.
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Table 2.3.2‐1
Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment

Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment
Term

Low

Moderate

High

Potential Impact to
People (Life
Safety/Livelihood)
Some injuries
possible but
unlikely
Injuries expected,
some deaths
possible

Several deaths
expected

Potential Impact to
Buildings/Critical
Facilities
Cosmetic damages
to structures
Loss of Function for
less than 1 day
Some structural
damages
Loss of Function for
1‐2 days
Some structures
irreparably
damaged
Loss of Function for
3‐5 days

Potential Impact to
Infrastructure
Some roads/bridges
temporarily blocked
Temporary power loss
Road/bridge closures
Power and utility loss

Long‐term road/bridge
closures
Long‐term power and
utility loss

These ratings were then used to determine the qualitative ranking of the hazards, the City’s risk
of exposure to the hazard, the probability of the hazard occurring and the potential impact of
that hazard to the City.
Section 07 includes details about calculation methodologies and results of the City‐wide risk
assessment.

2.4 Goals, Objectives, and Actions
Section 09 of this Plan describes the City of Galveston’s priorities for mitigation actions. The section
divides the actions by priority, and describes the funding required, sources of funding, the level of
support, and the timing of the action. The section also includes the City’s hazard mitigation goals
and objectives.

2.5 Planning Process
Section 05 provides details about the process that was used to update this Plan. The process closely
followed the guidance in the FEMA 386 series of planning guidance, which recommend a four‐stage
process for developing mitigation plans.
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Step 1 Organize resources
Step 2 Assess risks
Step 3 Develop a mitigation plan
Step 4 Implement the plan and monitor progress

Step 1, organizing resources, is described in Section 05 (Planning Process). The section
includes details about who was involved, the processes that were used to establish leadership
and advisory groups, and public and other outreach and
involvement efforts.
Step 2, the risk assessment, was completed by the
HMPSC. The Risk Assessment is included as Section 07 of
the Plan, and is preceded by a separate Hazard
Identification, Profiling, and Ranking discussion in
Section 06.
Step 3, development of the Mitigation Plan is described
in Section 05 (Planning Process) and Section 09
(Mitigation Action Plan). Section 05 includes details
about who was involved, the processes that were used,
and the products that were developed. Section 09
includes specific details about the identification and
development of mitigation goals, objectives, and actions
based upon Section 07 (Risk Assessment) and Section 08
(Capability Assessment).
Step 4, implementing the Plan, is described in the Mitigation Action Plan in Section 09, which
includes details about who is responsible for implementation of specific strategies and actions;
and in Section 10, the Plan Monitoring and Maintenance section, which describes long‐term
implementation through periodic updates and reviews.

2.6 Adoption and Approval (updated)
The City of Galveston’s Emergency Management Coordinator and Director of Planning and
Community Development, with the endorsement of the HMPSC, was responsible for recommending
plan approval to City of Galveston City Council. Consistent with that recommendation, the Galveston
City Council approved this Hazard Mitigation Plan on July 27, 2017. Following adoption, the Plan
was submitted to FEMA Region VI. FEMA reviewed and approved the Plan in August 2017.
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2.7 Implementation (updated)
The implementation process is described as part of the specific actions in the Mitigation Action
Plan in Section 09.

2.8 Monitoring and Updating the Plan (updated)
Section 10 (Plan Monitoring and Maintenance) describes the schedule and procedures for ensuring
that the Plan stays current. The section identifies when the Plan must be updated, who is
responsible for monitoring the Plan, and ensuring that the update procedures are implemented.
This section provides a combination of cyclical dates (oriented toward FEMA requirements) and
triggering events that will initiate amendments and updates to the Plan. The City of Galveston’s
Emergency Management Coordinator (or designee) is responsible for monitoring the Plan and
initiating the cyclical update process.
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Federal Planning Requirements

3.1 Introduction
The recommendations in the City of Galveston Hazard Mitigation Plan Update are based on
identification of past and potential problems due to natural and man‐made hazards. As part of the
process of identifying potential problems, it is useful to understand the physical characteristics of
this barrier island community. It is also important to understand any related planning efforts by the
Texas Division of Emergency Management (TDEM), as well as requirements of the federal
government regarding hazard mitigation plans. In addition, this section provides definitions for key
terms used throughout the Plan.

3.2 Geography, Climate, and Population
3.2.1 Geography
The City of Galveston, the county seat of Galveston County, is in southeastern Texas, approximately
50 miles southeast of Houston. It occupies almost the entire area of Galveston Island, except for the
incorporated Village of Jamaica Beach, a state park, and two other small, unincorporated areas of
Galveston County. The island is almost 28 miles long and 0.5 to 2.9 miles wide (at its widest point),
and covers an area of approximately 209 miles². The island lies approximately two miles off the
coast of Texas, and is bounded to the north by West Bay, to the northeast by Galveston Bay and
Galveston Channel, to the south and east by the Gulf of Mexico, and to the west by San Luis Pass.
Figure 3.2.1‐1 (following) illustrates the location and area incorporated by the City of Galveston.
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Figure 3.2.1‐1
Galveston Map

Transportation
Scholes International Airport at Galveston is a two‐runway airport; the airport is primarily used for
general aviation, offshore energy transportation, and some limited military operations. The nearest
commercial airline service for the city is operated out of Houston through William P. Hobby Airport
and George Bush Intercontinental Airport. The University of Texas Medical Branch has two
heliports, one for Ewing Hall and one for its trauma center.
The Galveston Railway, originally established and named in 1854 as the Galveston Wharf and
Cotton Press Company, is a Class III terminal switching railroad that primarily serves the
transportation of cargo to and from the Port of Galveston. The railway operates 32miles of yard
track at Galveston, over a 50‐acre facility. Island Transit, which operates the Galveston Island
Trolley manages the city's public transportation services. Bus service is operated by Greyhound Bus
Lines out of the Galveston Station. The Port of Galveston encompasses more than 850 acres, and is
the oldest commercial port in Texas. Major Port operations include cargo, rail‐barge link, general
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dock operations, shipyard facilities, rental operations, retails and commercial areas, and is home to
several cruise ship vessels.
Interstate 45 has a southern terminus in Galveston, and serves as a main artery to Galveston from
mainland Galveston County, Harris County and Houston. Farm‐to‐Market Road 3005 (locally called
FM 3005) connects Galveston to Brazoria County via the San Luis Pass‐Vacek toll bridge. State
Highway 87, known locally as Broadway Street, connects the island to the Bolivar Peninsula via the
Bolivar Ferry.
History
Named after Bernardo de Gálvez y Madrid, Count of Gálvez, Galveston's first European settlements
on the island were constructed in 1816. The Port of Galveston was established in 1825 by the
Congress of Mexico following its successful revolution from Spain. The city served as the main port
for the Texas Navy during the Texas Revolution, and later served as the capital of the Republic of
Texas. During the 19th century, Galveston became a major US commercial center and one of the
largest ports in the US. Galveston is known for the hurricane that devastated the city in 1900. That
natural disaster remains the deadliest in American history.
At the end of the 19th century, the city of Galveston had a population of 37,000. Its position on the
natural harbor of Galveston Bay along the Gulf of Mexico made it the center of trade in Texas, and
one of the largest cotton ports in the nation, in competition with New Orleans. During this Golden
Era of Galveston's history, the city was home to a number of state firsts that include among others
the first post office (1836), the first naval base (1836), the first Texas chapter of a Masonic order
(1840); the first cotton compress (1842), the first parochial school (Ursuline Academy) (1847), the
first insurance company (1854), the first gas lights (1856), the first opera house (1870), the first
orphanage (1876), the first telephone (1878) and the first electric lights (1883).
During the post‐Civil War period, leaders such as George T. Ruby and Norris Wright Cuney, who
headed the Texas Republican Party, promoted African‐American civil rights helping to drastically
improve educational and employment opportunities for minorities in Galveston and in Texas.
1900 Storm and Recovery
In 1900, the Island was decimated by a hurricane. This storm remains the deadliest natural disaster
in US history. The City was devastated, and an estimated 6,000 to 8,000 people on the island were
killed. Following the storm, a 10‐mile long, 17‐foot‐high seawall was constructed to protect the city
from floods and hurricane storm surge. A team of engineers devised a plan to elevate existing
portion of the city to a sufficient elevation behind a seawall so that confidence in the city could be
maintained. The end result was an increase in elevation of 8‐12 feet above sea level on the eastern
third of the Island. The area is further protected by the Seawall. To expedite their recovery from
the 1900 Hurricane, the City also developed the city commission form of city government, known as
the "Galveston Plan".
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Despite attempts to draw new investment to the city after the hurricane, Galveston never fully
returned to its previous levels of national importance or prosperity. Development was also
hindered by the construction of the Houston Ship Channel, which brought the Port of Houston into
direct competition with the natural harbor of the Port of Galveston for sea traffic. To further
recovery, and rebuild the population, Galveston actively solicited immigration. Through local
efforts, Galveston became the focus of an immigration plan called the Galveston Movement that,
between 1907 and 1914, diverted roughly 10,000 Eastern European, Jewish immigrants from the
crowded cities of the Northeastern US. Additionally, numerous other immigrant groups, including
Greeks, Italians and Russian Jews came to the city during this period. This immigration trend
substantially altered the ethnic makeup of the island, as well as many other areas of Texas and the
western US.
Though the storm stalled economic development and the city of Houston grew into the region's
principal metropolis, Galveston economic leaders recognized the need to diversify from the
traditional port‐related industries. In 1905 William Lewis Moody, Jr. and Isaac H. Kempner,
members of two of Galveston's leading families, founded the American National Insurance
Company; and two years later, Mr. Moody would further invest in Galveston by establishing the City
National Bank, which would later become the Moody National Bank.
During the 1920s and 1930s, the City re‐emerged as a major tourist destination. The City took
advantage of Prohibition, and in clubs like the Balinese Room offered entertainment, gambling and
liquor to wealthy Houstonians and other out‐of‐towners. Combined with prostitution which had
existed in the city since the Civil War, Galveston became known as the sin city of the Gulf.
Galvestonians accepted and even supported the illegal activities, often referring to their island as
the "Free State of Galveston”. The island had entered what would later become known as the Open
Era.
The 1930s and 1940s brought much change to the Island City. During World War II, the Galveston
Municipal Airport, predecessor to Scholes International Airport, was re‐designated a U.S. Army Air
Corps base and named Galveston Army Air Field. In January 1943, Galveston Army Air Field was
officially activated with the 46th Bombardment Group serving an anti‐submarine role in the Gulf of
Mexico.
The Galveston Seawall
The Galveston Seawall is a seawall that was built after the Galveston Hurricane of 1900 for
protection from future hurricanes. Construction began in September, 1902, and the initial segment
was completed on July 29, 1904. From 1904 to 1963, the seawall was extended from 3.3 miles to
over 10 miles long. Reporting in the aftermath of the 1983 Hurricane Alicia, the Corps of Engineers
estimated that $100M in damage was avoided because of the seawall. On September 13, 2008
Hurricane Ike's storm surge and large waves over‐topped the seawall.
The seawall is presently little more than 10 miles long. It is approximately 17 feet above sea level,
and 16 feet thick at its base. The seawall was listed in the National Register of Historic Places in
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1977 and designated a National Civil Engineering Landmark by the American Society of Civil
Engineers (ASCE) in 2001.
Topography
The topography of Galveston Island is generally low, with little variation. The eastern 10 miles of
the island is fronted by the massive Galveston Seawall. The seawall was built to an average height of
approximately 17 feet (NAVD88). The land surface behind it is graded uniformly to slope
downward to the north, from an elevation of approximately 14 to 18 feet adjacent to Seawall
Boulevard to approximately 8 to 9 feet in the shipping industrial area of Galveston Harbor, near
Galveston Channel. Natural elevation averages approximately 6 feet along the remaining 20 miles of
the island, west of the Seawall. Due to increased storm‐related and long‐term erosion, frontal dunes
along this stretch of the coast are small, and therefore provide minimal protection against wave
action, particularly storm‐induced waves. Galveston Island is lightly vegetated, with the majority of
the open land previously used for ranching. Outside of the downtown area, the island is
characterized by numerous sand ridges and swales. Large areas lying along the northern shoreline
of the island are occupied by extensive tidal marshes and other lowland vegetation.
Figure 3.2.1‐2 (following) shows the distribution of land cover throughout Galveston Island.
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Figure 3.2.1‐2
Land Cover in Galveston

Table 3.2.1‐1 (below) provides the percentage of land by purpose in Galveston.
Table 3.2.1‐1
Galveston Land Use by Percentage
Galveston Land Use
Land Use
Urban
Rangeland and Agriculture
Forest
Water
Wetland
Barren

Percentage
24.29%
27.30%
22.64%
9.05%
16.71%
0.02%

Though the above data was produced in 2004, there has been little shift in the distribution of land
use percentages in the City of Galveston since its production.
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3.2.2 Climate
Galveston's climate is classified as humid subtropical. Prevailing winds from the south and
southeast bring heat from the deserts of Mexico and moisture from the Gulf of Mexico. Summer
temperatures regularly exceed 90°F and the area's humidity drives the heat index even higher.
Winters in the area are temperate, with typical January highs above 60°F and lows near 50°F.
Snowfall is generally rare. Annual rainfall averages well over 40” a year with some areas typically
receiving over 50”.
Hurricanes are an ever‐present threat during the summer and fall season. Galveston Island and the
Bolivar Peninsula are generally at the greatest risk among the communities near the Galveston Bay.
However, though the island and peninsula provide some shielding, the bay shoreline still faces
significant danger from storm surge.

3.2.3 Population
Population estimates are generally based on Census data. The latest Census data available at the
time of Plan Update development is from 2010. The 2010 Census population was 47,743, which is a
drop of over 10,000 people since the last Census in 2000. This decrease in population is mostly due
to Hurricane Ike in 2008. No crucial change in the spatial distribution of the population was
discovered. As before Hurricane Ike, approximately 89% of the population resides in the urban core
of the East End, with the remaining 11% residing on the sparsely populated West End.
Figure 3.2.3‐1 (following) shows the population density using population figures from the 2010
Census.
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Figure 3.2.3‐1
Population Density in Galveston Based on 2010 Census

Figure 3.2.3‐2 (following) shows the population density for residents over 65 years of age, using
population figures from the 2010 Census.
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Figure 3.2.3‐2
Over 65 Population Density in Galveston Based on 2010 Census

A breakdown of the population of Galveston as collected by the 2010 Census is presented in Table
3.2.3‐1 (below and following).
Table 3.2.3‐1
US Census Population and Housing Characteristics for Galveston, TX, 2010
Population and Housing Characteristics
General Characteristics
Galveston
Texas
Total Population
47, 743
25,145,561
Male %
51.1
49.6
Female %
48.9
50.4
Median Age
35.5
32.3
Under 18 Years of Age %
19.3
27.3
18‐64 %
67.1
62.3
65 and Over %
13.6
10.4
Housing Characteristics
Galveston
Texas
Total Housing Units
32, 368
9,977436
Occupied Housing Units %
61.6
89.4

July 27, 2017 ‐ Page 3‐9

City of Galveston, Texas
Section 3: Context
Population and Housing Characteristics
Owner‐Occupied Units %
29.5
Renter‐Occupied Units %
32.1
Vacant Housing Units %
38.4

57.0
32.4
10.6

3.2.4 Economics
In the aftermath of Hurricane Ike, Galveston Island has continued the historic renaissance of a
vibrant, growing and diversified economic base. As described in the Galveston Economic
Development Partnership’s Construction Update, new investment is currently underway or planned
for Galveston Island. This growth includes a diversity of industries including health care, life
sciences/ biotechnology, tourism/ hospitality, offshore oil, maritime, services, retail, education, and
government.
The University of Texas Medical Branch at Galveston (UTMB) is in the process of investing over
$600 million in campus facilities. This investment includes the Galveston National Laboratory,
which was completed in 2008, and is one of two national biocontainment laboratories constructed
under grants from the National Institute of Allergy and Infectious Disease. With more than 8,000
employees, the university is the largest employer in both the City of Galveston and Galveston
County, and is among the largest employers in the Houston‐Galveston area.
The tourism industry is growing with the addition of new hotels and expansion/renovation of
existing ones; the large number of cruise ship passengers embarking/disembarking on Galveston
Island; and the famous Seawall from east to west and in the historic Strand area. Galveston’s
beaches draw millions of tourists during the summer months. The annual Mardi Gras activities
draw an estimated 250,000 each weekend of the celebration; the Lonestar Bike Rally draws an
estimated half million visitors over the four days of the event.
The Port of Galveston now ranks as the eleventh‐largest cruise port in the world, the number four
US cruise port in world rankings, and the number one cruise port in the Gulf of Mexico and Texas.
The Port continues its investment in cruise facilities. Currently, Carnival Cruise Lines and Royal
Caribbean International offer sailing from Galveston Island. Disney Cruise Lines also now sails from
the port to locations in the Bahamas and the Caribbean. The Port’s industrial growth continues at
facilities and terminals operated by ADM Grain, Agriliance LLC, Del Monte Fresh Produce, Galveston
Railroad L.P., Galveston Terminals, Gulf Copper Drydock and Rig Repair, Holcim Cement, “K” Line,
Malin International Ship Repair and Drydock, and Wallenius Wilhelmsen Logistics along the
Galveston Harbor.
Galveston’s educational and government institutions are all in the process of expanding and/or
renovating their facilities. Galveston College and Texas A&M University have both expanded their
campus facilities. Galveston County completed a $105 million Criminal Justice Center on North
Broadway that serves as a base for over 500 county employees. The City’s Scholes International
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Airport has completed a traffic control tower to accommodate the dramatic increase in air traffic
(from 60,000 to 104,000 operations in landing and takeoffs).

3.2.5 Community Assets
Law Enforcement
The Galveston Police Department is the oldest police department in the State of Texas. The department
has a number of specialized units, including vice, narcotics, family services, criminal investigations,
SWAT, marine, crisis negotiation, and special response.
Fire Department
Fire protection, emergency medical response, and hazardous material incident response and
identification in Galveston is provided by the City of Galveston through the Galveston Fire
Department (GFD).
Medical Services
Galveston is the home of several of the largest teaching hospitals in the state, located on the campus
of the University of Texas Medical Branch at Galveston. The city is also home to a 30‐bed acute
burns hospital for children, the Shriners Burns Hospital at Galveston. EMS services are co‐housed
with Galveston Fire, and are provided through Galveston County.
Schools
Colleges and Universities
Established in 1891 with one building and fewer than 50 students, today the University of Texas
Medical Branch at Galveston (UTMB) campus has grown to more than 70 buildings and an
enrollment of more than 2,500 students. The 84‐acre campus includes schools of medicine, nursing,
allied health professions, and a graduate school of biomedical sciences, as well as three institutes
for advanced studies & medical humanities, a major medical library, seven hospitals, a network of
clinics that provide a full range of primary and specialized medical care, numerous research
facilities, and the Galveston National Lab.
Galveston is home to two post‐secondary institutions offering traditional degrees in higher
education. Galveston College opened in 1967, and Texas A&M University at Galveston is an ocean‐
oriented branch campus of Texas A&M University.
Primary and secondary schools
The city of Galveston is served by Galveston Independent School District (GISD), which includes six
elementary schools, two middle schools and one high school, Ball High School. There is also one
magnet middle school, Austin Middle School, serving grades 5 through 8.
Galveston has several state‐funded charter schools not affiliated with local school districts,
including kindergarten through 5th grade Ambassadors Preparatory Academy and pre‐
kindergarten through 8th Grade Odyssey Academy.
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Several private schools exist in Galveston. The Roman Catholic Archdiocese of Galveston‐Houston
operates two Roman Catholic private schools, including Holy Family Catholic School (K through
8th) and O'Connell College Preparatory School (9‐12). Other private schools include Satori
Elementary School, Trinity Episcopal School, Seaside Christian Academy, and Heritage Christian
Academy.
Parks and Recreation
Galveston is home to several outdoor parks and recreation areas. Among them are Apffel Park,
Schreiber Park, Seawolf Park, Stewart Beach Park, Beach Pocket Park Number 1, Beach Pocket Park
Number 2, Sheppard Park, and San Jacinto Park. In addition, Galveston Island is home to the
Galveston Island State Park, which is a 1,900‐acre state park owned and operated by Texas Parks
and Wildlife Department.
Historic Buildings and Assets
The Galveston Historical Foundation (GHF) was founded in 1954 specifically to save a historic building,
the 1839 Samuel May Williams’ house, from demolition. Since then, GHF has been responsible for the
preservation of many individual places and structures that contribute to Galveston’s amazingly rich
architectural, cultural and maritime heritage. Through acquisition, through the Revolving Fund which
buys a structure, stabilizes it and sells it with protective covenants to competent new owners, and
through the variety of preservation assistance programs of the Preservation Resource Center and the
office of Preservation and Conservation Services, GHF has had a strong impact in heritage preservation
here for more than half a century. The following list denotes significant historical assets in the City:









1902 Galveston Seawall
1838 Michel B. Menard House: available for rentals.
1859 Ashton Villa: ballroom available for rentals.
1859 St. Joseph’s Church: open by appointment; available for rentals.
1940 Sears Building: GHF Headquarters; open during business hours.
1880 Garten Verein Pavilion in Kempner Park: available for rental.
1892 Bishop's Palace: open for tours seven days a week.
1839 Samuel May Williams House: private residence.

Figure 3.2.5‐1 (following) shows the locations of notable historic assets and neighborhoods in the City of
Galveston.
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Figure 3.2.5‐1
Historic Assets and Neighborhoods in the City of Galveston

Media
The Galveston County Daily News, founded in 1842, is the city's primary newspaper and the oldest
continuously printed newspaper in Texas. It currently serves as the newspaper of record for the city as
well as Galveston County. Radio station KGBC, on air since 1947, has also served as a local media outlet.

3.3 The State of Texas Hazard Mitigation Plan (2013)
The State of Texas Hazard Mitigation Plan is Annex P of the State Emergency Management Plan.
The current version was approved and implemented in 2013. The plan is available for download
from:

http://www.txdps.state.tx.us/dem/Mitigation/txHazMitPlan.pdf
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The state plan describes the concept of operations and state mitigation strategy and policies as
follows:








To formulate the state’s mitigation policies pursuant to the principles and protocols of the
National Incident Management System (NIMS), and to ensure capability for integration with
the National Response Framework; to these ends, the state views mitigation in terms of pre‐
event and post‐event mitigation;
Pre‐event mitigation involves proactive measures to identify risks and vulnerabilities that
threaten citizens, property, economies and resources; post‐event measures are reactive,
and take advantage of funding available after a disaster, to allow communities to recover
and rebuild in such a way as to prevent future loss of life and property damage;
Hazardous conditions exist within the state, and disaster costs continue to escalate;
effective mitigation can reduce these costs;
State support and assistance will be provided as required and identified in the State Hazard
Mitigation Plan; and
The State Hazard Mitigation Officer (SHMO) is responsible for administering mitigation
programs and projects, and is the team leader for the State Hazard Mitigation Team (SHMT).

“The mission of the State Hazard Mitigation Team (SHMT) is to:
1. Bring together staff personnel from state agencies to identify areas of vulnerability and
problems intrinsic to different types of hazards.
2. Develop strategies to prevent or reduce loss of life, damage to property, and degradation of
natural resources from those hazards for the state.
3. Review and recommend funding for specific mitigation projects.
4. Make specific recommendations to the Chief‐GDEM for changes to state regulations, plans, or
laws, which can reduce the risk of loss to the citizens of Texas.”
The SHMT is led by the Texas Division of Emergency Management (TDEM), and is comprised of
representatives from a variety of state agencies.
Wherever possible, the Plan has incorporated information and recommendations consistent with
the State of Texas Hazard Mitigation Plan.

3.4 Federal Planning Requirements
According to the federal rules describing the Disaster Mitigation Act of 2000 (FR 8848, Feb. 26,
2002, as amended at 67 FR 61515, Oct. 1, 2002), “The local mitigation plan is the representation of
the jurisdiction’s commitment to reduce risks from natural hazards.” Local plans serve “as a guide
for decision makers as they commit resources to reducing the effects of natural hazards. Local plans
will also serve as the basis for the state to provide technical assistance and to prioritize project
funding.”
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Relevant federal planning requirements include establishing minimum standards for grant program
eligibility and outlining a planning process.

3.4.1 Grant Program Eligibility
The various federal mitigation grant programs and their planning requirements are listed below:
Hazard Mitigation Grant Program (HMGP)
According to 44 CFR §201.3, “ For disasters declared after November 1, 2004, a local government
must have a mitigation plan approved pursuant to this section in order to receive HMGP project
grants.”
Pre‐Disaster Mitigation (PDM)
According to 44 CFR §203, “ By November 1, 2003, local governments must have a mitigation plan
approved pursuant to this section in order to receive a project grant through the PDM program,
authorized under Section 203 of the Robert T. Stafford Disaster Relief and Emergency Assistance
Act, 42 U.S.C. 5133. PDM planning grants will continue to be made available to all local governments
after this time to enable them to meet the requirements of this section.”
Flood Mitigation Assistance (FMA)
According to 44 CFR §78.4, “ To be eligible for Project Grants, an eligible applicant will develop, and
have approved by the FEMA Regional Director, a Flood Mitigation Plan in accordance with §78.5.”
Public Assistance (PA)
State and local governments are eligible to receive assistance in the emergency categories of the PA
program (Categories A and B). However, an approved state hazard mitigation plan is required for
any applicant, state or local, to be eligible to obtain funding assistance for any categories of
“permanent work” under the FEMA Public Assistance Program [Categories C through G].
According to 44 CFR §206.226, “ In order to receive assistance under this section, as of November 1,
2004 (subject to 44 CFR 201.4(a)(2)), the state must have in place a FEMA approved State Hazard
Mitigation Plan Update in accordance with 44 CFR part 201.”

3.4.2 Planning Process Requirements
The following excerpts from 44 CFR, §201.6 outline the required planning process. The process
used to develop this Plan for the City of Galveston is consistent with these requirements.
“In order to develop a more comprehensive approach to reducing the effects of natural disasters,
the planning process shall include:
(1) An opportunity for the public to comment on the plan during the drafting stage and
prior to plan approval;
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(2) An opportunity for neighboring communities, local, and regional agencies … businesses,
academia, and other private and non‐profit interests to be involved in the planning
process; and
(3) Review and incorporation, if appropriate, of existing plans, studies, reports, and
technical information.”
“The plan shall include the following:
(1) Documentation of the planning process [see Section 5 of this Plan, plus appendices] used
to develop the plan …
(2) A risk assessment [see Sections 6 and 7 of this Plan, plus appendices] that provides the
factual basis for activities proposed in the strategy to reduce losses from identified
hazards. … The risk assessment shall include:
(i) A description of the type, location, and extent of all natural hazards that can affect the
jurisdiction. …
(ii) A description of the jurisdiction’s vulnerability to the hazards described. …
(iii) For multi‐jurisdictional plans, the risk assessment section must assess each
jurisdiction’s risks where they vary from the risks facing the entire planning area.
(3) A mitigation strategy [see Section 9 of this Plan, plus appendices] that provides the
jurisdiction’s blueprint for reducing the potential losses identified in the risk
assessment. … This section shall include:
(i) A description of mitigation goals …
(ii) A section that identifies and analyzes a comprehensive range of specific mitigation
actions and projects, …
(iii) An action plan describing how the actions … will be prioritized, implemented, and
administered by the local jurisdiction. …
(iv) For multi‐jurisdictional plans, there must be identifiable action items specific to the
jurisdiction requesting FEMA approval or credit of the plan.
(4) A plan maintenance process [see Section 10 of this Plan, plus appendices] that includes:
(i) A section describing the method and schedule of monitoring, evaluating, and updating
the mitigation plan within a five‐year cycle.
(ii) A process by which local governments incorporate the requirements of the mitigation
plan into other planning mechanisms …
(iii) Discussion on how the community will continue public participation in the plan
maintenance process.
(5) Documentation [see Section 4 of this Plan, plus appendices] that the plan has been
formally adopted by the governing body of the jurisdiction requesting approval of the
plan … For multi‐jurisdictional plans, each jurisdiction requesting approval of the plan
must document that it has been formally adopted.”
This Plan further details and explains federal requirements for each section or element of the Plan
by quoting the requirements in their entirety at the start of each relevant section.

July 27, 2017 ‐ Page 3‐16

City of Galveston, Texas
Section 3: Context

The federal requirements continue, “Plans must be submitted to the State Hazard Mitigation Officer
for initial review and coordination. The state will then send the plan to [the FEMA Region VI office]
for formal review and approval. The regional review will be completed within 45 days after receipt
from the state, whenever possible.
“Plans must be reviewed, revised if appropriate, and resubmitted for approval within five years in
order to continue to be eligible for HMGP funding.”
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Section 04
Adoption and Approval
Contents of this Section
4.1
4.2
4.3
4.4
4.5

Requirement for Adoption and Approval
Authority
Adoption and Approval Procedure
Adoption Resolutions
Approval Letters

4.1 Requirement for Adoption and Approval
Requirement: §201.6(c)(5): [The local hazard mitigation plan shall include] documentation that the
plan has been formally adopted by the governing body of the jurisdiction requesting approval of the
plan (e.g., City Council, Parish Commissioner, Tribal Council).
The Disaster Mitigation Act of 2000 (DMA 2000), approved by Congress and signed into law (Public
Law 106‐390) in October 2000, is a key component of the Federal government’s attempt to reduce
the rising cost of disasters. DMA 2000 provides an opportunity for local governments to take a new
and revitalized approach to mitigation planning. DMA 2000 specifically requires mitigation
planning for natural disasters, but not for manmade hazards. However, FEMA supports those
jurisdictions that choose to consider technological and man‐made hazards in their respective
mitigation plans.
The City of Galveston Multi‐Hazard Mitigation Plan is a single jurisdiction plan that identifies goals,
information, and pro‐active measures to enhance the City’s long‐term sustainability. Both natural
and technological hazards are addressed in the Plan.
The Plan follows the DMA 2000 planning requirements and associated guidance for developing
Local Hazard Mitigation Plans. This guidance sets forth a four‐task mitigation planning process: 1)
organize resources, 2) assess hazards and risks, 3) develop a mitigation plan, and 4) evaluate your
work. The Plan also utilizes the process set forth in FEMA’s Plan Review Tool for Review and
Submission of Local Mitigation Plans.
The overall purpose of DMA 2000 was to establish a national program for pre‐disaster mitigation,
streamline administration of disaster relief at both the federal and state levels, and control federal
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costs of disaster assistance. Congress envisioned that implementation of these new requirements
would result in the following key benefits:
 Reduction of loss of life and property, human suffering and economic disruption;
 Prioritization of hazard mitigation planning at the local level, with an increased emphasis
placed on planning and public involvement, assessing risks, implementing loss reduction
measures, and ensuring critical services/facilities survive a disaster; and
 Establishment of economic incentives, awareness and education via federal support to state,
tribal and local governments that will result in forming community‐based partnerships,
implementation of effective hazard mitigation measures, leveraging of additional non‐federal
resources, and establishment of commitments to long‐term hazard mitigation efforts.

4.2 Authority
Section 322 of the Robert T. Stafford Disaster Relief and Emergency Assistance Act (Public Law 93‐
288, as amended), Title 44 CFR, as amended Section 102 of the Disaster Mitigation Act of 2000,
provides the framework for state and local governments to evaluate and mitigate all hazards as a
condition of receiving Federal disaster assistance.
A major requirement of the law is the development of the local hazard mitigation plan. The City of
Galveston, as a home rule municipality, has the authority to develop, adopt and enact this Local
Hazard Mitigation Plan.

Scope
In years past, the City of Galveston has participated in multi‐jurisdictional mitigation planning
efforts. Initially, the City was a part of the Houston‐Galveston Area Council’s mitigation plan, and
later participated in the update process for Galveston County. After Hurricane Ike, however, it
became obvious that the City’s hazards, risks and vulnerabilities were unique, and were not shared
by either the county or other municipalities within the county. Because of this recognition, the City
applied for HMGP funding to develop a single‐jurisdiction mitigation plan. While the review and
approval of this grant application was pending, to ensure the City remained continuously covered
by a mitigation plan, the City continued to participate in the 2010 update process for the Galveston
County Plan.
The grant was awarded to the City in January 2010. The City’s approved scope of work specifically
addressed the inclusion of City‐identified critical facilities, historic assets, and beach/shoreline
concerns. To ensure that no duplication of benefits occurred, the City agreed to use all relevant and
applicable data from the earlier plans. The City of Galveston Hazard Mitigation Plan was approved
in 2011.
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In 2017, the City of Galveston Hazard Mitigation Plan was updated in accordance with mitigation
planning requirements.

4.3 Adoption and Approval Procedure
On May 09, 2017, the Federal Emergency Management Agency (FEMA) Region VI determined that
the Plan was “approvable pending adoption.” The Plan was submitted to the Galveston City Council
for review and adoption. The resulting Adoption Resolution was then submitted to TDEM and
FEMA Region VI for approval. FEMA subsequently issued the formal approval letter to the City of
Galveston.

4.4 Adoption Resolution
Appendix B contains the signed Adoption Resolution for the City of Galveston.

4.5 Approval Letters
Appendix B contains the formal Approval Letter from FEMA Region VI for the City of Galveston’s
Hazard Mitigation Plan (2017 Update).
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Section 05
Planning Process
Contents of this Section
5.1
5.2
5.3
5.4

Requirement for the Planning Process
Description of the Planning Process (Updated)
Involvement by the Public and Other Interested Parties (Updated)
Review and Incorporation of Plans, Studies, Reports, and Other Information
(Updated)

5.1 Requirements for the Planning Process
Requirement §201.6(c)(1): [The plan shall document] the planning process used to develop the plan,
including how it was prepared, who was involved in the process, and how the public was involved.
Requirement §201.6(b): An open public involvement process is essential to the development of an
effective plan. In order to develop a more comprehensive approach to reducing the effects of natural
disasters, the planning process shall include:
(1) An opportunity for the public to comment on the plan during the drafting stage and prior to plan
approval;
(2) An opportunity for neighboring communities, local and regional agencies involved in hazard
mitigation activities, and agencies that have the authority to regulate development, as well as
businesses, academia, and other private, and non‐profit interests to be involved in the planning
process; and
(3) Review and incorporation, if appropriate, of existing plans, studies, reports, and technical
information.

5.2 Description of the Planning Process (Updated)
5.2.1 Data Sources for Plan Preparation
The City of Galveston used existing data sources wherever applicable and possible. Specifically, the
City used data developed in the Galveston County Plan Update and the University of Texas Medical
Branch (UTMB) Plan Update (draft), wherever such data was applicable to a single‐jurisdictional
plan. In addition, external data sources were also used for this plan, including data developed and
provided by:
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The Texas General Land Office
The Bureau of Economic Geology
Houston‐Galveston Area Council
National Climatic Data Center

5.2.2 How the Plan Update was Prepared (Overview)
The City of Galveston Hazard Mitigation Plan was prepared in accordance with the process
established in the State and Local Mitigation Planning How‐to Guides (FEMA Publication Series 386)
produced by the Federal Emergency Management Agency (FEMA), and the requirements of 44 CFR,
§201.6. The process established in the FEMA 386 guides includes four basic steps.





Step 1: Organize resources
Step 2: Assess risks
Step 3: Develop a mitigation plan
Step 4: Implement the plan and monitor progress

5.2.2.1 Step 1: Organize Resources
The development of this Plan update was overseen by the City’s Office of Emergency Management.
At the beginning of the process, a consultant firm, Witt O’Brien’s, was hired to provide technical
support to the City, to facilitate development of the planning process and to produce the updated
plan document. In addition, several individuals and organizations worked together to update the
Plan. These participants were organized into the City of Galveston Hazard Mitigation Plan
Stakeholder Committee (HMPSC).
The HMPSC was based on the lists of participants from the previous City planning efforts and those
who would have an interest in or information regarding hazard mitigation in the City. The HMPSC
was comprised of representatives from agencies and public entities that wished to participate in
the planning effort, as well as City Staff with knowledge of the City’s risks and vulnerabilities. The
duties and responsibilities of the HMPSC consisted of: representing their agency/department’s
interests, serving as the point of contact for their agency/department, and completing necessary
planning tasks, including data collection, identification of local mitigation actions, and reviewing the
Plan products. The HMPSC identified the most significant City‐wide hazards for a risk assessment to
be completed.
Committee members were invited to participate in the planning process via phone and email
correspondence, including meeting invitations distributed through email client applications. Copies
of this correspondence may be found in Appendix C. Table 5.2.2.1‐1 (following) lists the invited
membership of the City of Galveston HMPSC.
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Table 5.2.2.1‐1
City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) Members
City of Galveston Hazard Mitigation Plan Stakeholder Committee Members
Name

Title

Brett Milutin
Mike Wisko
Robert Simmons
David Ewald
LeeRoy Amador
Catherine Gorman
John Simsen

Emergency Management
Coordinator
Deputy Emergency
Management Coordinator
FSO/ Asst. Harbormaster
Fire Chief
Risk Manager
Building Official
Chief of Police
Assistant Director / HPO
Disaster Program Director

Jeff Sjostrom

President

Elizabeth Farnham
Allan Post
David Smith

Intern
Emergency Manager
Interim Chief
Director of HR and Risk
Management
Director
Assistant Park Manager
Director of Public
Infrastructure
Deputy Emergency
Management Coordinator
Building Inspector
Director of Public Utilities
Engineer

Charlie Kelly
Rosana Pratt

Mary Jane Lantz
Keith Gray
Hans Haglund
Ross Blackketter
Meaghan Kenney
Bill Plummer
Angelo Grasso
Jamal Elzhi

Organization
City of Galveston
City of Galveston
Port of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
Galveston Economic Development
Partnership
City of Galveston
Texas A&M University at Galveston
Galveston Police Department
Galveston College
CenterPoint Energy
Galveston Island State Park
City of Galveston
Galveston County Office of
Emergency Management
City of Galveston
City of Galveston
Texas Department of Transportation

Meeting Schedule
There were several meetings conducted during the development of the Plan. These meetings are
described in Table 5.2.2.1‐2 (following). The meetings focused primarily on the review of work‐in‐
progress for the development of the Plan. However, in some cases, the meetings were essentially
working sessions for identification of potential mitigation projects.

July 27, 2017 ‐ Page 5‐3

The City of Galveston, Texas
Section 05: Planning Process
Table 5.2.2.1‐2
City of Galveston HMPSC Meeting Schedule and Summary
City of Galveston Mitigation Plan Project Meeting Schedule and Summary
Date

Meeting Name

October 15, 2015

Kickoff Meeting

November 12, 2015

Meeting #2

December 10, 2015

Meeting #3

Meeting Summary
Discussion on the purpose of the Plan Update,
planning requirements, and hazards to be
included for each campus (finalization);
qualitative and quantitative risk assessment
determination; identification of plan goals; and
preliminary review of several maps.
HMPSC made qualitative and quantitative
assessment decisions for each hazard included
in the Plan Update. The HMPSC also discussed
plan goals and decided to keep the goals from
the last version of the plan.
Discussion consisted of a thorough review of
the actions to be included in the plan update as
well as a schedule for draft completion and
review timeframes.

Appendix D contains documentation for these meetings including agendas, sign‐up sheets,
presentation materials, and meeting notes as appropriate.

5.2.2.2 Step 2: Assess Risks
In accordance with general mitigation planning practice, as well as the process FEMA established in
its How‐to Guides, the risk assessment forms the basis for this Plan by quantifying and rationalizing
information about how natural and manmade hazards affect the City of Galveston.
The processes used to complete the hazard identification and risk assessments, and the results of
these activities, are described in Sections 06 and 07 of this Plan. The assessment determined
several aspects of the risks of hazards faced by the City:








The hazards that are most likely to affect the City
How often hazards are expected to impact the City
The expected severity of the hazards
What areas of the City are likely to be affected by hazards
How the City’s assets, operations, people, and infrastructure may be impacted by hazards
How private and commercial assets, operations, infrastructure may be impacted by hazards
The expected future losses if the risk is not mitigated

The HMPSC first considered all hazards with the potential to impact the City. An exercise was held
at the Kickoff Meeting detailing the hazards considered in other planning efforts, and a listing of
additional hazards that could be considered for inclusion in the Plan. Members were asked to
consider the hazard history, to consider any other hazards that were not included in the initial
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listing, and to provide their thoughts on which hazards should be included in the Plan. Next,
through examination by and discussion among the members, the HMPSC reduced the initial list of
hazards to the 17 hazards that were considered the most relevant for this type of planning process
at the City‐wide scale. These hazards are described in the Hazard Identification, Profiling, and
Ranking portion of the Plan (Section 06), and are as follows:


















Biological Event
Coastal Hazards
Drought
Environmental Disaster
Extreme Heat
Extreme Wind
Expansive Soils
Flooding
Hail
Hazardous Materials Incident
Lightning
Sea Level Change
Severe Winter Storm
Tsunami
Wildfire/Urban Fire
Extreme Wind ‐ Tropical Systems and Hurricanes
Extreme Wind ‐ Tornadoes

These are considered by the HMPSC to represent the predominant risks to the area.
These profiled hazards were further analyzed, to determine the actual risk to the City, citizens and
City assets from these hazards. The list was further refined, to analyze those hazards, which were
determined to pose the most significant risks to the City and its assets. All profiled hazards received
a qualitative risk assessment. The hazards selected to receive a quantitative risk assessment were:








Coastal Hazards
Environmental Disaster
Extreme Wind
Flood
Wildfire/Urban Fire
Tropical Systems and Hurricanes
Tornadoes

For each of these hazards the consultants performed detailed risk assessments, i.e. calculations of
future expected damages, expressed in dollars where appropriate. These results were discussed in
detail with the HMPSC at a meeting, and determinations were made as to each hazard’s risk to
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People Life Safety, Buildings and Critical Facilities, and Infrastructure. The results of the risk
assessment were also made available to the public during the public review and comment periods
(see Section 5.3). The full process and results of this work is presented in the Risk Assessment
portion of this Plan (Section 7).

5.2.2.3 Step 3: Develop the Mitigation Plan
The HMPSC developed a series of goals and objectives in response to the results of the risk
assessment. A capability assessment was also conducted to help determine the capacity of the City
to implement hazard mitigation projects. The Mitigation Action Plan was discussed and validated
by the HMPSC. The results of these efforts are detailed in Sections 08 and 09.

5.2.2.4 Step 4: Implement the Plan and Monitor Progress
Finally, the HMPSC identified a process for on‐going monitoring and revisions to the Plan over the
next five years. Section 10 details the resulting monitoring, evaluation, and plan update procedures.

5.3 Involvement by the Public and Other Interested Parties
5.3.1 Public Involvement in the Plan
The Stakeholder Committee provided opportunities for public comment during the planning
process.
During the process, the HMPSC held meetings to determine how other agencies could become
involved. The Committee was comprised of many different types of agencies in the City including
but not limited to: City departments, non‐profits, state agencies, educational systems, and
authorities. This City‐wide group met several times during the process discussing, among other
things, the planning requirements, incorporation of data, and data analysis. Comments received
during these meetings were used in the formulation of the Hazard Mitigation Plan Update.
For the first public comment period, no formal meeting was held. Rather, the draft plan and a
comment form were posted to the City’s website, the City’s primary means of communicating with
residents and stakeholders. A press release was issued on the date the plan was posted. This
comment period began prior to the Plan’s submission to TDEM for review, and continued for 30
days. The planning committee also posted weekly Facebook and Twitter notifications to remind the
public that the plan was open for public comment. No comments were received during the public
comment period.
After receipt of APA status, and prior to adoption by the City Council, the City made the final plan
available via the City’s website to provide further opportunity for residents, local businesses,
neighboring jurisdictions, and all other interested parties to comment. This is in keeping with the
City’s usual practice regarding draft plans and public comment periods.
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5.3.2 Other Interested Party Involvement in the Plan
While a portion of the Stakeholder Committee was comprised of City staff and leaders, outside
partners and agencies were invited and encouraged to participate in the plan development process
and were offered the opportunity for membership on the Stakeholder Committee. The City
recognizes that they rely on outside agencies and organizations, and that these organizations bring
valuable information to the mitigation planning process. Invitees to the planning process included
neighboring communities, outside agencies, businesses, academia, private non‐profits and other
interested parties. The following parties were asked to participate in the Plan’s Stakeholder
Committee:










CenterPoint Energy
Galveston College
Texas A&M University Galveston
The University of Texas Medical Branch at Galveston
Texas Parks and Wildlife
Galveston Economic Development Partnership
Port of Galveston
Texas Department of Transportation
Galveston County

Specifically, the neighboring communities of Galveston County (via the County Office of Emergency
Management), Galveston College, the University of Texas Medical Branch, and Texas A&M
University‐Galveston were invited to participate in the Stakeholder Committee. Representatives
from each of these communities were contacted via email, just as other Stakeholder Committee
members were contacted, and were offered the opportunity to provide input and suggestions to the
Plan update. Table 5.2.2.1‐1 (previous) provides details of the specific representatives from each
neighboring community that attended and participated in the planning process; Appendix C
contains specific details as to who from each neighboring community was initially invited to
participate in the planning process. All invitees were contacted via email at the address listed in
Appendix C.

5.4 Review and Incorporation of Plans, Studies, Reports, and
Other Information (Updated)
5.4.1 Federal Government
Selected key federal sources of information and pre‐existing planning work are presented in Table
5.4.1‐1 (following).
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Table 5.4.1‐1
Federal Documents and Data Utilized
Federal Documents and Data Utilized
Existing Program/Policy/Technical Documents
FEMA Disaster Declarations database and other
general hazard data
FEMA/National Flood Insurance Program Flood
Maps (Flood Insurance Rate Maps, Digital Flood
Insurance Rate Maps (DFIRM))
FEMA Hazards US (HAZUS) v.3
FEMA Benefit Cost Analysis methodology
FEMA Community Status Book, Community Rating
System Eligible Communities
FEMA Tornado Activity in the United States
National Oceanic and Atmospheric Administration
(NOAA)/National Climatic Data Center (NCDC)
database
NOAA Coastal Service Center‐Historic Hurricane
Tracks Database
NOAA National Hurricane Center‐Hurricane
Preparedness, Storm Surge
NOAA Storm Prediction Center
United States Army Corp of Engineers (storm surge
mapping)
United States Census Bureau data
United States Geological Survey (USGS) National
Wetlands Research Center
United States Environmental Protection Agency
Toxic Release Inventory
United States Department of Transportation
Hazardous Materials Incident Data
US Department of Interior (DOI) Bureau of Ocean
Energy Management, Regulation, and Enforcement
US Department of Agriculture (USDA) National Fire
Plan
National Aeronautics and Space Agency

Method of Incorporation into the Plan
Used in hazard identification and risk assessment
(HIRA) development and history of loss data for
multiple hazards
Used in developing HIRA, strategies, and mitigation
actions
Used in developing various risk assessments
Used in developing various risk assessments
Used in developing capability assessments and
mitigation actions
Used in developing HIRA and history of loss data
Used in developing history and description of major
hazard events for multiple hazards
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing various risk assessments and
establishing planning context
Used in developing HIRA and loss data
Used in developing hazard identification, strategies,
and mitigation actions
Used in developing hazard identification, strategies,
and mitigation actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing hazard profiles

5.4.2 State of Texas
Selected state sources of information and pre‐existing planning work are presented in this section.

2013 State of Texas Hazard Mitigation Plan
The State Texas completed the current 2013 State Hazard Mitigation Plan (SHMP) to meet the
requirements of IFR Section 201.4(d), which mandates that states update their mitigation plans
every three years, “to reflect changes in development, progress in state wide mitigation efforts, and
changes in priorities.”
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The SHMP is the demonstration of the State of Texas’s commitment to reduce risks from natural
hazards and serves as a guide for both state and local decision makers as they commit resources to
reducing the effects of natural hazards on lives and property. It is designed to outline a strategy to
reduce risks from natural hazards in Texas, and to aid state and local emergency management
officials in developing hazard reduction programs.
The statewide mitigation strategies, goals, and objectives, methods of incorporating a varied cross
section of relevant disciplines, hazard specific information, and specific data sources are present
within the SHMP and were utilized in the development of the City of Galveston Hazard Mitigation
Plan.

Other State of Texas Information
In addition to the SHMP, selected state sources of information and pre‐existing planning work are
presented in Table 5.4.2‐1 (below).
Table 5.4.2‐1
Other State Documents and Data Utilized
State Documents and Data Utilized
Existing Program/Policy/Technical Documents
State of Texas Hazard Mitigation Plan (2013)
Data from the Bureau of Economic Geology (University of Texas)
Data from the Texas General Land Office
Data from the Houston‐Galveston Area Council
Data from Texas A&M University ‐ Galveston
Data from The University of Texas Medical Branch at Galveston
Data from Texas Commission on Environmental Quality
Data from the Texas Railroad Commission
Harris Galveston Subsidence District

Method of Incorporation
Used in development of HIRA.
Used in hazard profiling and
loss estimation
Used in development of HIRA,
strategies and mitigation
actions
Used in future development
analysis, development of HIRA
and strategies
Used in development of HIRA
and community profile
Used in development of HIRA
and community profile
Used in development of HIRA
and community profile
Used in development of HIRA
Used in development of HIRA

5.4.3 City of Galveston
As a municipal government, the City of Galveston has the authority to create ordinances and to
control land use. From the City of Galveston’s Charter:
City is and shall continue to be a Home Rule City, with full power of local self‐government, including
the right to amend this Charter, as provided by the Constitution and laws of this State. It shall have all
the powers granted to cities by the Constitution and laws of the State of Texas, together with all the
implied powers necessary to carry into execution such granted powers. It may use a corporate seal;
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may sue and be sued; may contract and be contracted with; may cooperate with the government of
the State of Texas or any agency or political subdivision thereof, or with the Federal government or
any agency thereof, to accomplish any lawful purpose for the advancement of the interest, welfare,
health, morals, comfort, safety, and convenience of the City and its inhabitants; may acquire property
within or without it corporate limits for any municipal purposes in fee simple, or in any lesser
interest or estate, by purchase, gift, devise, lease or condemnation, and subject to the provisions of
this Charter, may sell, lease, mortgage, hold, manage, and control such property as may now or
hereafter be owned by it; may pass ordinances and enact such regulations as may be expedient for
the maintenance of the good government, order, and peace of the City, and the welfare, health,
morals, comfort, safety and convenience of its inhabitants; and shall have and may exercise all
municipal powers, functions, rights, privileges and immunities of every kind and nature whatsoever,
subject only to the limitations imposed by the State Constitution, the State Laws, and this Charter.

Selected key City sources of information and pre‐existing planning work are presented in Table
5.4.3‐1 (below).
Table 5.4.3‐1
City Documents and Data Utilized
City Documents and Data Utilized
Existing Program/Policy/Technical Documents

Method of incorporation into the Plan

City GIS database map, infrastructure, parcels, land
use
Historic Assets Inventory and Data

Used in establishing planning context, development
of mitigation actions
Used to validate data used in risk assessment, future
development analysis
Used in development of HIRA and mitigation actions

Historic Assets Disaster Recovery plan

Used in development of HIRA and mitigation actions

Comprehensive Plan

Used in establishing planning context

Emergency Operations Plan

Used in hazard identification

Construction and Building Permits Data

Photographs and plans related to critical facilities
Repetitive Loss /Severe Repetitive Loss (RL/SRL)
inventory and data
Website materials (various)
Capital Improvement Plan

Used in development of risk assessments and
mitigation actions
Used in development of risk assessments and
mitigation actions
Used in establishing planning context
Used in development of risk assessments and
mitigation actions

5.4.4 Other Resources
Selected other key sources of information and pre‐existing planning work, including regional and
academic resources, are presented in Table 5.4.4‐1 (below).
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Table 5.4.4‐1
Other Documents and Data Utilized

Other Documents and Data Utilized
Existing Program/Policy/Technical Documents

Method of incorporation into the Plan
Used in development of community and hazard
profiles

Galveston Chamber of Commerce data
Right‐to‐Know Network‐biennial reporting,
emergency response notification database
Galveston Independent School District data
Galveston Historic Foundation data
Website materials (various)
Galveston County Health Department
Galveston: A History, by David McComb (1986)

Used in developing hazard profiling
Used in development of community profile
Used in development of community and hazard
profiles
Used in establishing planning context and in
development of HIRA
Used in development of HIRA
Used in establishing planning context and in
development of HIRA
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Section 06
Hazard Identification, Profiling, and Ranking
Contents of this Section
6.1
6.2
6.3
6.4

Requirement for Hazard Identification and Profiling
Hazard Identification (Updated)
Overview of the Type of Hazards That Can Affect the City of Galveston (Updated)
Methodology for Identifying Hazards of Concern (Updated)

6.1 Requirement for Hazard Identification and Profiling
Requirement §201.6(c)(2)(i): [The risk assessment shall include a] description of the type…location
and extent of all natural hazards that can affect the jurisdiction. The plan shall include information on
previous occurrences of hazard events and on the probability of future hazard events.
This section addresses the specific requirements regarding hazards in the planning area.

6.2 Hazard Identification
In accordance with IFR requirements, and as part of its efforts to support and encourage hazard
mitigation initiatives, the City of Galveston’s Hazard Mitigation Plan Stakeholder Committee
(HMPSC) prepared this general assessment of the hazards that have potential to impact the City.
The following subsections provide an overview of past hazard events in the county and brief
descriptions of the potential for future losses. Section 07 (Risk Assessment) includes more detailed
information about past and potential losses (risk) from a subset of the most significant hazards in
the City.
The term planning area is used frequently in this section. This term refers to the geographic limits
of the City of Galveston. The Risk Assessment section addresses the effects of hazards on the City of
Galveston, its assets, and residents.

6.2.1 Overview of the City of Galveston’s History of Hazards (updated)
Numerous federal agencies maintain a variety of records regarding losses associated with natural
hazards. Unfortunately, no single source is considered to offer a definitive accounting of all losses.
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The Federal Emergency Management Agency (FEMA) maintains records on federal expenditures
associated with declared major disasters. The United States Army Corps of Engineers (USACE) and
the Natural Resources Conservation Service (NRCS) collect data on losses during some of their
ongoing projects and studies. Additionally, the National Oceanic and Atmospheric Administration’s
(NOAA) National Climatic Data Center (NCDC) database collects and maintains data about natural
hazards in summary format. The data includes occurrences, dates, injuries, deaths, and costs. It
should be noted that many of these databases and other data collection services, including the
NCDC, have inherent data limitations when searching for information at a scale as small as a single
municipality. The best available data and records were used throughout this section.
Per the NCDC database, at least 101 weather‐related hazard events have occurred in the City of
Galveston between 1950 and 2015, including the following types of hazard events:








High Winds
Hail
Flooding
Tropical Systems
Waterspouts / Funnel Clouds / Tornadoes
Coastal Erosion
Lightning1

In addition to the hazard events captured by the NCDC, the City has experienced several other
hazard events. For example, at the height of Hurricane Rita, several fires broke out in Galveston.
Due to the extreme winds buffering the island as Rita passed by, the City’s Fire Department was
unable to respond to protect the at‐risk properties, leaving the fires to burn uncontrolled.
In the absence of definitive data on some of the hazards that may occur in the City of Galveston,
illustrative examples are useful. Table 6.2.1‐1 (following) provides information on the Presidential
Disaster Declarations that the City has received in the previous decade.
The City of Galveston has been included in 7 Presidential Disaster Declarations since 2001. Five
declarations were related to tropical systems; one was related to extreme wildfire conditions; the
final was the result of severe storms and flooding.2
Table 6.2.1‐1
Recent Major Disasters in Galveston, TX
Recent Major Disaster Declarations, 2001‐2015
Date and Disaster (DR, if
applicable)
November 2015
DR‐4245‐TX
September 2008
DR‐1791‐TX

Nature of Event
Severe Storms, Tornadoes, Straight‐line Winds, and Flooding
Hurricane Ike
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Recent Major Disaster Declarations, 2001‐2015
Date and Disaster (DR, if
applicable)
January 2006
DR‐1624‐TX
September 2006
DR‐1606‐TX
July 2003
DR‐1479‐TX
September 2002
DR‐1434‐TX
June and July 2001
DR‐1379‐TX

Nature of Event
Extreme Wildfire Threat
Hurricane Rita
Hurricane Claudette
Tropical Storm Fay
Severe Storms and Flooding
(Tropical Storm Allison)

6.3 Overview of the Type of Hazards That Can Affect the City of
Galveston (updated)
During the planning process, the City of Galveston’s Hazard Mitigation Plan Stakeholder Committee
(HMPSC) considered 19 natural and technological hazards and the risks they create for the City and
its material assets, operations, residents, and staff. The hazards were reconsidered for this Plan
update. The hazards and their disposition are shown in Table 6.3‐1 (following).
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Table 6.3‐1
Hazard List – City of Galveston

Biological Event
T/N
Coastal Erosion²
N

Coastal Retreat²
N
Coastal Subsidence²
N

Drought
N

Earthquake
N

Environmental Disaster
T
Expansive Soils
N


Extreme Heat
N

Extreme Wind
N



Flood
N


Hailstorm
N

Hazardous Material Incident (Fixed Site and

T
Transport)
Lightning
N

Sea Level Change
N

Severe Winter Storm
N

Terrorism
I

Tsunami
N


Wildfire/Urban Fire
N
Tropical Systems and Hurricanes
N


Tornadoes
N


Notes:
1. Type Legend: I = Intentional Acts; N = Natural; T = Technological / Manmade
2. Included, but combined with another hazard.











2016 Galveston
HMP Update

2011 Galveston
HMP

2016 UTMB HMP
Update

2016 Galveston
County Plan Update

2013 State of Texas
Mitigation Plan

Hazard

Hazard Type¹

City of Galveston Hazard List
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In the initial identification process, the City of Galveston HMPSC considered potential hazards to
identify those with the most chance to significantly affect the City. The hazards include those that
have occurred in the past and may occur in the future. A variety of sources were used to develop the
list of hazards considered by the HMPSC. These included national, regional, and local sources such as
the emergency operations plan, the State of Texas Hazard Mitigation Plan (SHMP), the Galveston
County Hazard Mitigation Plan, FEMA’s How‐To Series, websites, published documents, databases,
and maps, as well as discussion among the HMPSC members.
The HMPSC participated in an exercise regarding the types of hazards that have the potential to
threaten the City. To kickoff this initial exercise, the HMSC reviewed the hazards identified in the
County’s Plan Update and the SHMP, and additional hazards they could consider for inclusion in this
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Plan, including those discussed in FEMA 386 and the City’s Emergency Operations Plan. They were
asked to review the hazards and to provide comments on the hazards they believed should be
included in this Plan update. The HMPSC reviewed the hazards and determined that 15 posed the
greatest threat to the City of Galveston. The HMPSC held discussions on each of the hazards, and was
able to come to consensus on the disposition of each hazard. After these discussions and reviews, the
following hazards were selected by the HMPSC for inclusion in the Plan update:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Biologic Event (carryover from 2011 plan)
Coastal Hazards (carryover from 2011 plan)
Drought (carryover from 2011 plan)
Environmental Disaster (carryover from 2011 plan)
Extreme Heat (new)_
Extreme Wind Event (carryover from 2011 plan and separated)
Expansive Soils (new)
Flooding (carryover from 2011 plan)
Hail (new)
Hazardous Materials Incident (carryover from 2011 plan)
Lightning (carryover from 2011 plan)
Sea Level Change (carryover from 2011 plan)
Severe Winter Storms (new)
Tsunami (carryover from 2011 plan)
Wildfire/Urban Fire (carryover from 2011 plan)
Tropical Systems and Hurricanes (carryover from 2011 plan and separated)
Tornadoes (carryover from 2011 plan and separated)

One previously included hazard was eliminated from this Plan update. After review and discussion,
the HMPSC concluded that terrorism should not be included in this Plan update. The City has several
other planning mechanisms that are better suited to this man‐made threat, and the HMPSC
determined that this threat should not be carried over to this Plan update.
The following sections profile each of the 17 hazards listed above and include a description of the
hazard, location of the hazard, extent/severity of the hazard, impact on life and property, past
occurrences of the hazard, and the probability of future occurrences of the hazard.
To determine the probability of future occurrences of each hazard profiled, the following scale was
developed:
Low indicates that the hazard occurs an average of less than once every five years, and has resulted
or is anticipated to result in contained or minimal damage.
Moderate indicates that the hazard has occurred or is occurring with some regularity (at least once
in five years), but with limited spatial impacts, and either has or is anticipated to result in moderate
or limited damage
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High indicates that the hazard regularly occurs annually, and has the potential to impact a
widespread area of the jurisdiction.

6.3.1 Biological Event (updated)
Description of the Biological Event Hazard
Biological hazards, also known as biohazards, refer to biological substances that pose a threat to the
health of living organisms, primarily that of humans. This can include medical waste or samples of a
microorganism, virus or toxin (from a biological source) that can impact human health. It can also
include substances harmful to animals. The term and its associated symbol are generally used as a
warning, so that those potentially exposed to the substances will know to take precautions.
For the purposes of this hazard profile, biological events refer to those events that are accidental or
naturally occurring.
Location of the Biological Event Hazard
Biological events are non‐spatial, unless an effective quarantine can be established. All locations
within the City of Galveston are potentially at risk from this hazard.
Galveston is home to the University of Texas Medical Branch at Galveston (UTMB), which is a full
service medical campus that includes several medical and research facilities. In addition, UTMB also
conducts medical research; many research applications involve the use of live animals, pathogens,
and biological samples. In support of infectious disease research, UTMB has safely operated several
large suites of BSL‐3 and Animal BSL (ABSL) laboratories for several years. UTMB currently
operates a suite of eight BSL‐3 laboratories comprising a total of over 5,200 feet² and 2,400 feet² of
ABSL‐3 laboratories within the Keiller Building. The Keiller Building is home to the UTMB’s Center
for Biodefense and Emerging Infectious Diseases and the Pathology Department. Located between
the Keiller Building and Gail Borden Building is the John Sealy Pavilion for Infectious Diseases
Research, containing the Robert E. Shope BSL‐4 Laboratory, a 2,100 foot² BSL‐4 facility. In addition,
UTMB houses one of the nation’s most complete reference collections of bacteria, fungi, and viruses.
UTMB is also home to the Galveston National Lab (GNL), one of two National Biocontainment
Laboratories. GNL contains BSL‐4 labs. GNL maintains research space and capabilities to develop
therapies, vaccines and diagnostic tests for both naturally occurring and human‐created emerging
diseases, such as SARS, West Nile encephalitis, and avian influenza.
Figure 6.3.1‐1 (following) shows the campus of UTMB. Buildings in green are patient care facilities
and buildings in blue are research facilities, both of which routinely contain biohazards. 3 Building
41, located to the left of the patient care complex, is the Galveston National Lab.
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Figure 6.3.1‐1
UTMB Campus Map

Figure 6.3.1‐2 (following) shows the placement of the UTMB campus within the City of Galveston.
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Figure 6.3.1‐2
Location of UTMB Campus within City of Galveston

In addition, the City of Galveston is home to thousands of miles of sewer pipe, which contain millions
of gallons of untreated sewage prior to transport to sewage treatment facilities. Figure 6.3.1‐3
(following) shows the locations of these pipes.
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Figure 6.3.1‐3
Location of Sewer Pipes – City of Galveston

Extent/Severity of the Biological Event Hazard
The United States' Centers for Disease Control and Prevention (CDC) categorizes various diseases in
levels of biohazard, Level 1 being minimum risk and Level 4 being extreme risk.4


Biohazard Level 1: Bacteria and viruses including Bacillus subtilis, canine hepatitis,
Escherichia coli (E. Coli), varicella (chicken pox), as well as some cell cultures and non‐
infectious bacteria. At this level, precautions against the biohazardous materials in question
are minimal, most likely involving gloves and some sort of facial protection. Usually,
contaminated materials are left in open (but separately indicated) waste receptacles.
Decontamination procedures for this level are similar in most respects to modern
precautions against everyday viruses (i.e.: washing one's hands with anti‐bacterial soap,
washing all exposed surfaces of the lab with disinfectants, etc.). In a lab environment, all
materials used for cell and/or bacteria cultures are decontaminated via autoclave.
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Biohazard Level 2: Bacteria and viruses that cause only mild disease to humans, or are
difficult to contract via aerosol in a lab setting, such as hepatitis A, B, and C, influenza A,
Lyme disease, salmonella, mumps, measles, scrapie, dengue fever, and HIV. Routine
diagnostic work with clinical specimens can be done safely at Biosafety Level 2 (BSL‐2),
using BSL‐ 2 practices and procedures. Research work (including co‐cultivation, virus
replication studies, or manipulations involving concentrated virus) can be done in a BSL‐2
facility, using BSL‐3 practices and procedures. Virus production activities, including virus
concentrations, require a BSL‐3 facility and use of BSL‐3 practices and procedures.
Biohazard Level 3: Bacteria and viruses that can cause severe to fatal disease in humans,
but for which vaccines or other treatments exist, such as anthrax, West Nile virus,
Venezuelan equine encephalitis, SARS virus, variola virus (smallpox), tuberculosis, typhus,
Rift Valley fever, Rocky Mountain spotted fever, yellow fever, and malaria. Among parasites
Plasmodium falciparum, which causes Malaria, and Trypanosoma cruzi, which causes
trypanosomiasis, also come under this level.
Biohazard Level 4: Viruses and bacteria that cause severe to fatal disease in humans, and
for which vaccines or other treatments are not available, such as Bolivian and Argentine
hemorrhagic fevers, H5N1(bird flu), Dengue hemorrhagic fever, Marburg virus, Ebola virus,
hantaviruses, Lassa fever, Crimean‐Congo hemorrhagic fever, and other hemorrhagic
diseases. When dealing with biological hazards at this level the use of a Hazmat suit and a
self‐contained oxygen supply is mandatory. The entrance and exit of a Level Four biolab will
contain multiple showers, a vacuum room, an ultraviolet light room, autonomous detection
system, and other safety precautions designed to destroy all traces of the biohazard.
Multiple airlocks are employed and are electronically secured to prevent both doors
opening at the same time. All air and water service going to and coming from a BSL‐ 4 lab
will undergo similar decontamination procedures to eliminate the possibility of an
accidental release.

The Center for Disease Control and Prevention (CDC) determines the severity of pandemics and
communicable disease outbreaks based on a measurement system is known as the Pandemic
Severity Index. The index focuses less on how likely a disease will spread worldwide‐that is,
become a pandemic‐and more upon how severe the epidemic is. The main criterion used to
measure pandemic severity will be case‐fatality ratio (CFR), the percentage of deaths out of the
total reported cases of the disease.
The analogy of “category” levels was introduced to provide an understandable connection to
hurricane classification schemes, with specific reference to the aftermath of Hurricane Katrina. Like
the Saffir‐Simpson Hurricane Scale, the PSI ranges from 1 to 5, with Category 1 pandemics being
mildest (equivalent to seasonal flu) and level 5 being reserved for the most severe "worst‐case"
scenario pandemics (such as the 1918 Spanish flu).5
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Table 6.3.1‐1
Centers for Disease Control and Prevention Pandemic Severity Index
Centers for Disease Control and Prevention Pandemic Severity Index
Category

Case Fatality Ratio

Example(s)

1

less than 0.1%

Seasonal Flu and Swine Flu

2

0.1% to 0.5%

Asian Flu and Hong Kong Flu

3

0.5% to 1%

No examples provided

4

1% to 2%

No examples provided

5

2% or higher

Spanish flu

Given that Galveston is a coastal community with a high number of visitors and tourists (who arrive
by car, air and cruise ship), and given that the population is concentrated on the eastern third of the
island, Galveston could expect to experience the entire range of an outbreak’s severity.
Impact on Life and Property from the Biological Event Hazard
Biological events will have the most immediate impact on life. The extent of the impact will be
contingent on the type of infection or contagion, the severity of the outbreak, and the speed at
which it is transmitted. Property and infrastructure could be affected if large portions of the
population were affected and unable to perform maintenance and operations tasks. For example, if
a large percentage of workers are impacted, business, government and industry could have
depressed productivity and activity. This could lead to economic impacts and disruption in the City,
and could have a ripple effect to surrounding areas.
In case of a severe weather condition, operating procedures at the GNL facility call for a lockdown
of all infectious material and decontamination of high‐level biocontainment laboratories in the
event of an approaching hurricane. Storm preparedness is based on approximately 24‐hour notice
of probable landfall, considering the predicted strength of a storm. This allows sufficient time to
secure high containment operations, should this be deemed necessary, including the management
of animals.
Occurrences of the Biological Event Hazard
Occurrences of the biological event hazard are common. In recent history, there have been several E.
coli and Salmonella outbreaks traced to issues or deficiencies in the nation’s food supply, or to
restaurants or chains. Recent mutations in the influenza virus resulted in the World Health
Organization (WHO) declaring H1N1 to be a global pandemic.
Galveston is a port for cruise ships. In October 2014, the cruise ship Carnival Magic departed the
Port of Galveston with 4,200 passengers and 1,300 crew members. A few days out of port, the CDC
notified the ship that a passenger was a lab supervisor at Texas Health Presbyterian Hospital in
Dallas. Though this passenger has no direct contact with any infected patient and was not exhibiting
any symptoms of Ebola, the passenger had been present in a lab when Ebola samples were tested.
As a result, the CDC requested that the passenger be returned to the US from the next port of call,
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which was Belize. Until that disembarkment and return could occur, the passenger remained on
board the ship and in isolation.
In Galveston, UTMB has been conducting research on emerging infectious diseases and biodefense
for almost three decades. UTMB’s biodefense research infrastructure includes all levels of biosafety
laboratories with the recent addition of a 2,100 foot² BSL‐4 laboratory, the John Sealy Pavilion for
Infectious Diseases Research. Safety is a major concern in working with, and preventing the spread
of, highly infectious disease agents. There are five potential pathways for infectious agents to leave
biocontainment areas and to possibly cause human health effects. These pathways include direct
transmission, vector‐borne transmission, vehicle‐borne transmission, airborne transmission, and
waterborne transmission. UTMB has developed the necessary policies and procedures (e.g.,
Laboratory Security and Safety Plan for Laboratories Working with Select Agents, Biological Safety
Manual and Standard Operating Procedures for Keiller Building BSL‐3 Facility, and Biosafety Manual
Robert E. Shope, MD BSL‐4 Laboratory Policies and Procedures) that are applied to all facilities that
handle biohazards during operations. These policies and procedures, coupled with adequate and
appropriate worker training and adherence to NIH, CDC, USDHHS, and other standards, guidelines,
and procedures for biocontainment facility operation significantly reduce any threat to worker and
public health and safety. In the unlikely event of a biocontainment breach, the public would be
notified through a coordinated effort involving Federal, state, and local agencies.
Probability of Future Occurrences of the Biological Event Hazard
While a high concentration of biohazards does exist in the City of Galveston, all required
containment measures and plans are in place for such an event. The likelihood of such an event
occurring and impacting the community is low. A naturally occurring infection would have a larger
impact, and such an event is more likely to occur. Therefore, the probability of future occurrence of a
biohazard event is low.

6.3.2 Coastal Hazards (updated)
This hazard profile includes coastal erosion, coastal retreat, and coastal subsidence. Additional
information regarding location, extent, and occurrence can be found in Section 6.3.12, Sea Level
Change.
Description of Coastal Hazards
Coastal Erosion
Coastal erosion is a hydrologic hazard, and is defined by the wearing away of land or the removal of
beach or dune sediments by wave action, tidal currents, wave currents, or drainage. Waves,
generated by storms, wind, or fast moving motor craft, cause coastal erosion, which may take the
form of long‐term losses of sediment and rocks, or merely the temporary redistribution of coastal
sediments. Erosion in one location may result in accretion nearby. Coastal erosion may result from
a natural process, or it may be the result of human action.
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Coastal erosion can be classified as either long‐term or short‐term, depending on the time over
which it occurs. Long‐term erosion usually refers to a trend of erosion extending over several years
and can be caused by a deficit in the annual sediment budget or in the longshore transport rates
along the beach. It is possible for this type of erosion to occur without any significant impact to the
beach’s natural system if the beach profile is not changed by development but merely shifted
landwards.
Short‐term erosion refers to erosion occurring over a period of days because of extreme weather
events such as severe storm or hurricane activity. Short‐term erosion results in sudden and abrupt
changes to the profile of the beach. During short‐term erosion events, significant sand transport
occurs offshore. After the storm passes, normal beach processes usually produce onshore sand
transport, restoring the beach naturally. This natural restoration process may take many months or
years. In some cases, intervention to restore the beach to its former condition is not required. The
effect of severe hurricanes; however, may last for decades and can result in relatively permanent
features such as relocated tidal entrances.
Coastal erosion is a natural phenomenon of beaches. Beaches respond to environmental factors
such as annual variations in the amount of sand washed down from rivers, changes in river delta
channels, and changes in the weather, especially prevailing winds, severe storms and hurricanes.
The beach profile that is affected by the physical process of erosion extends from the top of the
dune system to a nearshore point seaward of the intertidal zone. As environmental conditions
change, the profile changes as sand is moved onshore or offshore. The movement of sand may
appear as beach erosion, beach accretion, dune build‐up, or the formation of sand bars.
Coastal Retreat
Coastal retreat is defined as any section of beach that is accreting or retreating as the result of a
complex interaction between the conflicting forces of sediment deposition, tidal movement, the
long‐shore current and sand storage in dunes and bars.
Coastal retreat can be the result of coastal erosion, and can worsen the impacts of tropical systems
and other coastal storms.
Coastal Subsidence
Coastal subsidence is defined as the loss of coastal surface elevation due to the removal of
subsurface support.
Subsidence can be the result of both nature and human action. Some natural subsidence occurs
over long periods of time, due to the natural settling process of millions of years’ accumulation of
sediments.
Most subsidence is caused by human action, however. In the Houston–Galveston area of coastal
Texas, much of the coastal subsidence has occurred because of the removal of groundwater. Large
amounts of groundwater have been pumped from the aquifers beneath the area, allowing the clay
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to compact under the weight of the ground and built environment above it. In other parts of the
world, subsidence is caused by oil and gas withdrawals and coal mining.
Subsidence is of concern in low lying coastal areas, where the land is already low in relation to the
water. As the ground subsides, be it from natural or human action, the elevation of the land in
relation to mean sea level becomes less and less, increasing the risk from and exposure to hazards
associated with coastal storms and tropical systems. Further inland, the effects of subsidence are
not as apparent, though the hazard does still exist.
Coastal subsidence is also of concern and can be particularly hazardous to those areas that are
simultaneously experiencing changes in sea level. (NOTE: Sea Level Change is profiled as a separate
hazard in this Plan. Please see section 6.3.11)
Location of Coastal Hazards
Coastal Erosion
As a barrier island with more than 30 miles of Gulf‐facing beach, and a similar amount of Bay‐facing
shoreline, Galveston has a history of coastal erosion. All shoreline areas of Galveston have the
potential to experience erosion. Information from the University of Texas Bureau of Economic
Geology indicates that as of 2011 (the most recent period for which data is available), the extreme
eastern end of Galveston Island trends more towards stable or accreting, whereas the western end of
the island is experiencing erosion. 6
Coastal Retreat
Coastal retreat is occurring in portions of Galveston, most notably at Pier 15 at the Port of
Galveston, and in places along the West End.
Figure 6.3.2‐1 (following) illustrates the location of the coastline in 1956, 1996, and the projected
location of the coastline by 2056. The location in this map is on the West End of Galveston, which is
the only location experiencing coastal retreat as of this update. 7
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Figure 6.3.2‐1
Galveston Coastal Retreat

Coastal Subsidence
Coastal subsidence is a regional phenomenon, generally affecting large geographic areas, such as the
Houston‐Galveston area, which is one of the most extreme cases of subsidence in the US, with up to
four meters of subsidence offering along the Houston Ship Channel, to the north of Galveston Island.8
As of this update, it is understood that all shoreline areas of Galveston may experience subsidence,
with areas near and along the Port (on the Bay side of the island) currently known to be
experiencing it. All other documented subsidence is in the general Houston‐Galveston area, but has
not been documented as specifically occurring on Galveston Island or in the City of Galveston.
Extent/Severity of Coastal Hazards
Coastal Erosion
Coastal erosion is measured as a rate, in terms of either linear feet (i.e., the feet of shoreline
recession per year) or as volumetric loss (i.e., cubic yards of eroded sediment per linear foot of
shoreline frontage per year). Figure 6.3.2‐2 (following) shows the shoreline changes in the West
Bay adjacent to Galveston Island over time.9 Rates of erosion are indicated in terms of feet per year.
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Figure 6.3.2‐2
West Bay Shoreline Changes from 1930s‐1982

As shown in this figure, Bay‐facing areas on the eastern end of the island and on the extreme
western end appear to be stable. This means that they are eroding at a rate of less than 2 feet per
year. The more central Bay‐facing areas of the island are experiencing erosion at rates between 2
and 10 feet per year.
Per the Texas Commission on Environmental Quality, the State agency charged with wetlands
conservation and protection, from the early 1950s to 1989, Galveston Bay lost nearly 35,000 acres
(20%) of its wetlands. By some estimates, more than 22 acres of wetlands – areas vital to protecting
the island from storm and tidal surges – have been lost to erosion in recent years alone.
Per the Texas General Land Office, portions of Galveston are experiencing fairly significant coastal
erosion, while other areas are either stable or accreting. Each coastal storm event only increases the
erosion that is otherwise occurring, and has the potential to alter the stability or accretion rates of
other areas. Depending on the specific location and the circumstances, Galveston could expect to
experience all situations, from severe erosion to accretion.
Coastal Retreat
Currently, no scale exists to measure the severity of coastal retreat. The severity of the hazard is
relative to the area in which is it occurring.
The following figure (6.3.3‐3) was obtained from a report issued by the USGS’s National Wetlands
Research Center, in Lafayette, LA. The graph illustrates a conceptual model of coastal retreat in
relation to a 1 meter (3.28 feet) anticipated rise in sea level over the next century. Note the
anticipated increased intrusion of saltwater into freshwater areas along the coast. Though this
model is based on climate change characteristics, retreating coastlines and increases in sea level
will result in increased saltwater intrusion in sensitive coastal areas.10
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Figure 6.3.3‐3
Coastal Retreat and Sea Level Change

A July 2011 report of the Coastal Coordination Council, prepared for the Texas General Land Office,
studied shoreline change rates along the Texas Gulf Coast, including Galveston Island. The report
states the following:
Notable areas undergoing extensive and significant shoreline retreat include the muddy marshes on
the upper Texas coast between High Island and Sabine Pass, the sandy barrier‐island shoreline on
Galveston Island west of the seawall, the low, fluvial/deltaic headland constructed by the Brazos and
Colorado Rivers, the sandy, headland‐flanking Matagorda Peninsula west of the Colorado River, San
Jose Island (a sandy, central Texas coast barrier island), and the northern end and much of the
southern half of Padre Island, a sandy barrier island on the lower Texas coast. Significant net shoreline
advance occurred adjacent to the long jetties that protect dredged channels at Sabine Pass, Bolivar
Roads, and Aransas Pass, near tidal inlets at the western ends of Galveston Island and Matagorda
Peninsula, near the mouth of the Brazos River, along most of Matagorda Island, and on the central part
of Padre Island.11

The report goes on to confirm an average rate of retreat of 1.24 meters per year for the entire Texas
Gulf coast, and an average rate of 1.6 meters per year along the upper Texas coast, including the City
of Galveston.
As coastal retreat is typically a slow‐developing hazard, this calculation serves as the extent of the
coastal retreat hazard as of this Plan update.
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Coastal Subsidence
Fact Sheet 110‐02 from the US Geological Survey states the following:
Land subsidence in the Houston‐Galveston Bay area has increased the frequency and
severity of flooding. In this low‐lying coastal environment, more than 10 ft of subsidence
has shifted the position of the coastline and changed the distribution of wetlands and
aquatic vegetation. In fact, the San Jacinto Battleground State Historical Park, site of the
battle that won Texas independence and commemorated with the San Jacinto Monument, is
now partly submerged.
Near the coast, the result of land subsidence is an apparent increase in sea level, or a
relative sea‐level rise—the net effect of global sea‐level rise and regional land subsidence in
the coastal zone. The sea level is in fact rising because of regional and global processes. The
combined effects of the eustatic sea‐level rise and natural consolidation of the sediments
along the Texas Gulf Coast yield a relative sea‐level rise from natural causes that locally
might exceed 0.08 inch per year (Paine, 1993). Although global warming is contributing to
the present‐day sea‐level rise and might result in a sea‐level increase of nearly 4 in. by 2050
(Titus and Narayanan, 1995), human‐induced subsidence, by far, has been the dominant
cause of relative sea‐level rise along the Texas Gulf Coast during the 20th century, exceeding
1 in. per year throughout much of the affected area (Coplin and Galloway, 1999).
Galveston Bay is one of the most important bay ecosystems in the United States. The estuary
is Texas’ leading bay fishery, and it supports vibrant recreation and tourism industries.
More than 60 percent of the bay’s 232 miles of shoreline is composed of highly productive
wetlands; because of subsidence, however, more than 26,000 acres of emergent wetlands
have been converted to open water and barren flats (White and others, 1993). Subsidence
also has contributed to an appreciable loss of submerged aquatic vegetation (mostly
seagrass) since the 1950s. Some bay shorelines have become more susceptible to erosion by
wave action because of loss of wetlands. As sea level rises, marshes along the shoreline are
drowned. When development is located near the shoreline, the potential for the landward
migration of marshes is greatly diminished. The result is a reduction in wetland habitats,
habitats that provide the foundation for commercial and recreational fisheries.12
A subsidence rate of more than approximately one inch annually has been documented on Galveston
Island. The rate of sea level rise exacerbates this rate, making it difficult to separate the rate of
subsidence from the rate of rise.
As coastal subsidence rise is typically a slow‐developing hazard, this calculation serves as the extent
of the hazard as of this Plan update.
Impact on Life and Property from Coastal Hazards
Coastal Erosion
Coastal erosion and the efforts taken to alleviate it have a huge effect upon both the infrastructure
and the economies that support the increasing coastal population. The processes that cause erosion
are interrelated and can have a compounding affect upon one another. Several contributing factors
to coastal erosion in Texas are influenced by human activity:
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Dams on the major rivers have reduced the volume sand and sediment from reaching the
Gulf coast;
Rivers have been diverted to better develop shipping lanes, resulting in critical erosion of
nearby communities and land, as well as shoaling, flooding, and safety issues in other areas;
Navigation structures such as jetties and dikes have changed the way sand moves along the
coast, eroding down‐drift shorelines;
Maintenance dredging of navigation channels has taken sand and sediment out of the
littoral system;
Seawalls, groins, and other protective structures have caused erosion of down‐drift beaches
and shorelines;
Wakes, surges, and waves from boats, ships, barges, and other vessels have eroded
shorelines adjacent to navigation channels;
Groundwater and petroleum extractions are causing land subsidence and subjecting large
regional areas of coastal land to be converted to open water; and
Wetland loss from dredging and filling to accommodate development has reduced the
wetlands’ ability to buffer erosion effects from winds and waves.

Erosion of coastal Texas negatively affects the state’s economy, damages natural resources, and
threatens the health and safety of millions of Texans and visitors, including closure and flooding of
roads used for hurricane evacuations. Erosion damage to the beach dune system has occurred along
the Texas Gulf coast, compromising the integrity of this natural defense against hurricane surges
and other severe storm impacts.
Approximately 30,000 commercial fishermen catch almost 100 million pounds of coastal fish and
shellfish annually, with an estimated value of approximately $270 million. The total economic
contribution to the state’s economy from the nearly 850,000 sport fishermen is over $2 billion per
year.
Coastal habitats attract 40,000 coastal waterfowl hunters, photographers, swimmers, campers,
bird‐watchers, boaters, and sightseers, generating an additional $3 billion per year.
Coastal destinations account for 30% of travel in Texas, which equates to some $10 billion per year.
The City of Galveston, as just such a destination, is financially dependent upon the tourism dollars
that their beaches generate. Coastal wetlands crucial to fish and waterfowl populations are
increasingly impacted by erosion and conversion to open water.
Texas coastal industries depend on the Gulf Intra‐Coastal Water Way (GIWW) and the major Texas
ports for import of raw materials and export of products. Overwhelmingly, Texas coastal industry is
petrochemical‐based. Among the planned expansions for Texas coastal industry are nine liquid
natural gas facilities. Navigation structures (e.g., jetties and dikes) and Operation and Maintenance
(O&M) practices protect and maintain the waterways for commerce, but have the unintended
consequence of causing erosion of adjacent shorelines. Additionally, vessel wakes, surges, and
July 27, 2017 – Page 6‐19

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
waves are among the causes of erosion of Texas coastal land. The growth of industry and expansion
of shipping will only exacerbate the erosion unless coastal erosion response projects are completed
in several key areas.
The GIWW extends 426 miles along the Texas Gulf Coast and links Texas’s deep‐water ports. The
GIWW provides the state’s oil, chemical, and mining industries direct access to important
Midwestern markets and plays a vital economic role in Texas.
Coastal Retreat
The impact on life and property from coastal retreat is similar, if not identical, to the impacts
experienced from coastal erosion.
Coastal Subsidence
Subsidence of coastal areas has the potential to be catastrophic to the City of Galveston, its assets
and residents. The island is already subject to flooding, both from rainfall and from coastal storms.
Any further decrease in elevation would only serve to worsen these conditions. This would lead to
increases in property damage and threats to the health and safety of residents.
The anticipated impact to structures is expected to be minimal, unless the subsidence occurred
underneath the structure or the supporting foundation. In this case, it’s anticipated that there would
be an impact to structures, and to the people who occupy them. Depending on the size of the area
affected by the subsidence, this impact could be a range, from minimal to severe.
In addition, the City owns and maintains a great deal of horizontal infrastructure that is at risk from
the impacts of coastal subsidence. This includes roads, water lines, and sewer lines. Much of this
infrastructure is in a state of temporary repair in the aftermath of Hurricane Ike, and is likely to
remain so for a significant period. This temporary infrastructure is predominantly above ground,
while other infrastructure is slightly below grade, which is standard in this part of Texas.
Occurrences of Coastal Hazards
Coastal Erosion
On average, 235 acres per year of land along the Texas gulf coast and land along the state’s bays,
estuaries, and navigation channels is lost due to erosion. Sixty‐three percent of the Texas Gulf
shoreline has an historical erosion rate of more than two feet per year, with some locations eroding
more than 10 feet per year.13
Table 6.3.2‐1
Location of Critically Eroding Shoreline in Texas
Locations of Critical Shoreline Erosion in Texas, 2010
Critical Erosion
County
Gulf Shoreline
Bay Shoreline
(Gulf)
168,960 feet
327,360 feet
142,560 feet
Jefferson
(32 miles)
(62 miles)
(27 miles)
Chambers
5,280 feet
865,920 feet
5,280 feet
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County

Harris
Galveston
Brazoria
Matagorda
Jackson

Locations of Critical Shoreline Erosion in Texas, 2010
Critical Erosion
Gulf Shoreline
Bay Shoreline
(Gulf)
(1 miles)
(164 miles)
(1 mile)
459,360 feet
0
0
(87 miles)
290,400 feet
1,536,480 feet
253,440 feet
(55 miles)
(291 miles)
(48 miles)
153,120 feet
924,000 feet
105,660 feet
(29 miles)
(175 miles)
(20 miles)
321,024 feet
2,170,080 feet
179,520 feet
(60.8 miles)
(411 miles)
(34 miles)
147,840 feet
0
0
(28 miles)

Erosion Rates
(Gulf)
0
‐2 to ‐11 feet/year
‐2 to ‐17 feet/year
‐2 to ‐30 feet/year
0

Galveston experienced significant beach erosion from Hurricane Ike, as evident in Figure 6.3.2‐4
(following). These photographs are of structures at the eastern end of Galveston Island, and are Gulf‐
facing.14
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Figure 6.3.2‐4
Evidence of Short‐Term Erosion Following Hurricane Ike – Eastern End

As is evident in these before‐and‐after photographs, the short‐term coastal erosion experienced
during Hurricane Ike was extensive. Note also the complete loss of natural vegetation and dune
systems.
The following photographs are of structures on the West End of Galveston Island, and are Gulf‐
facing. They also show significant loss of beach, vegetation and dune systems.
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Figure 6.3.2‐5
Evidence of Short‐Term Erosion Following Hurricane Ike – West End

Coastal Retreat
Some portions of Texas beaches are advancing and some are retreating. In general, the beaches are
retreating. A substantial reduction of the width and breath of beaches, along with a reduction in
dune structures, could allow hurricane driven storm surge to move further inland than what would
otherwise be the case. A reduction in coastal marshes can have a similar effect.
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In general, the State regards this as a minor threat. In the areas seaward of most major Texas
coastal cities, the beach/coastal marsh is stable or accreting.
Coastal Subsidence
In the critical areas along Galveston Bay, the land surface has sunk as much as 10 feet since 1906,
per the Harris Galveston Subsidence District. Experts have been studying the subsidence phenomena
for almost 100 years, and with each hurricane, subsidence and flooding problems worsen.
Simply put, subsidence will cease when communities cease pumping too much groundwater.
However, the conversion from groundwater to alternative sources of water (surface water, treated
effluent, etc.) is not as simple. Many of the cities, industries, and others in the coastal areas
converted years ago to surface water, at considerable costs. This has had positive effects on this
hazard and its consequences.
No reports of significant additional occurrences of these coastal hazards were discovered since the
2010 Plan was developed.
Probability of Future Occurrences of Coastal Hazards
Each of these coastal hazards has impacted Galveston or is currently impacting Galveston. Each of
them can be expected to impact Galveston in the future. These hazards are slow‐developing, and are
a fact of life for this island community. Using the scale provided in the beginning of this section, the
probability of a future occurrence of at least one of these hazards – and potentially all three – is high.

6.3.3 Drought (updated)
Description of the Drought Hazard
Drought is a normal part of virtually all climatic regions, including areas with high and low average
rainfall. Drought is the consequence of anticipated natural precipitation reduction over an extended
period, usually a season or more in length. Drought is one of the most complex of all natural hazards,
as it is difficult to determine a precise beginning or end. In addition, drought can lead to or be
exacerbated by other hazards, such as extreme heat or wildfires.
Droughts are classified as meteorological, hydrologic, agricultural and socioeconomic. Each of these
classifications can be defined as follows:




Meteorological drought is defined by a period of substantially diminished
precipitation duration and/or intensity. The commonly used definition of
meteorological drought is an interval of time, generally on the order of months or years,
during which the actual moisture supply at a given place consistently falls below the
climatically appropriate moisture supply.
Agricultural drought occurs when there is inadequate soil moisture to meet the needs
of a particular crop at a particular time. Agricultural drought usually occurs after or
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during meteorological drought, but before hydrological drought and can affect livestock
and other dry‐land agricultural operations.
Hydrological drought refers to deficiencies in surface and subsurface water supplies. It
is measured as stream flow, snow pack, and as lake, reservoir, and groundwater levels.
There is usually a delay between lack of rain or snow and less measurable water in
streams, lakes, and reservoirs. Therefore, hydrological measurements tend to lag behind
other drought indicators.
Socio‐economic drought occurs when physical water shortages start to affect the
health, well‐being, and quality of life of the people, or when the drought starts to affect
the supply and demand of an economic product.

Location of the Drought Hazard
Droughts can affect areas as small as a few counties to entire regions of the country. Droughts are
not defined by a specific geographic boundary or location. The entire city, which is about 209 miles²,
is at risk from or exposed to the drought hazard. The City could also be severely impacted by
droughts on the mainland, as all their potable water originates from mainland sources.
Extent/Severity of the Drought Hazard
Droughts are measured using the Palmer Drought Severity Index (PDSI), also known as the Palmer
Index. The Palmer Index was developed by Wayne Palmer in the 1960s and uses temperature and
rainfall information in a formula to determine dryness. It has become the semi‐official drought
index.
The Palmer Index is most effective in determining long term drought—a matter of several
months—and is not as good with short‐term forecasts (a matter of weeks). It uses a 0 as normal,
and drought is shown in terms of minus numbers; for example, ‐2 is moderate drought, ‐3 is severe
drought, and ‐4 is extreme drought. The Palmer Index is also useful for reflecting excess rain using a
corresponding level reflected by plus figures; i.e., 0 is normal, +2 is moderate rainfall, etc.
The advantage of the Palmer Index is that it is standardized to local climate, so it can be applied to
any part of the country to demonstrate relative drought or rainfall conditions. The negative is that it
is not as good for short term forecasts, and is not particularly useful in calculating supplies of water
locked up in snow, so it works best east of the Continental Divide.
Table 6.3.3‐1 (following) illustrates the PDSI classifications.15
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Table 6.3.3‐1
Palmer Drought Severity Index
Palmer Drought Severity Index
Classification
Description
4.00 or more
Extremely wet
3.00 to 3.99
Very wet
2.00 to 2.99
Moderately wet
1.00 to 1.99
Slightly wet
0.50 to 0.99
Incipient wet spell
0.49 to ‐0.49
Near normal
‐0.50 to ‐0.99
Incipient dry spell
‐1.00 to ‐1.99
Mild drought
‐2.00 to ‐2.99
Moderate drought
‐3.00 to ‐3.99
Severe drought
‐4.00 or less
Extreme drought

Drought is monitored nation‐wide by the National Drought Mitigation Center (NDMC). Indicators are
used to describe broad scale drought conditions across the country. Indicators correspond to the
intensity of the drought. Based on information obtained from the US Drought Monitor, as of this plan
update most of Texas ‐ including the City of Galveston ‐ is not currently experiencing drought
conditions.16
Galveston is subject to periodic dry spells, as is all coastal Texas. Should a prolonged drought occur
on the mainland or affect the source of potable water for the City, the City would experience the
more severe effects of drought, even if local drought conditions were not severe. The City could
experience the full extent of the PDSI scale, either directly (occurring on the island and in the City) or
indirectly (occurring on the mainland and impacting the availability of potable water to the City).
Impact on Life and Property from the Drought Hazard
Droughts can affect a large geographic area, and can range in size from a few counties to a few states.
Their potential to impact wildlife and agricultural concerns can be enormous. Droughts can kill
crops, edible plants and wildlife habitat, and destroy grazing lands and trees. Dead or dying
vegetation, a normal result of drought, can then serve as a prime ignition source for wildfires.
Perhaps the best‐known example of the impacts on life and property from drought is the Dust Bowl.
The phenomenon was caused by severe drought coupled with decades of poor farming and land
management practices. Deep plowing of the virgin topsoil of the Great Plains killed the natural
grasses that normally kept the soil in place and trapped moisture even during periods of drought
and high winds.
During the (naturally occurring) drought of the 1930s, with no natural anchors to keep the soil in
place, it dried, turned to dust, and blew away eastward and southward in large dark clouds. At
times the clouds blackened the sky reaching all the way to East Coast cities such as New York and
Washington, D.C. Much of the soil ended up deposited in the Atlantic Ocean, carried by prevailing
winds which were in part created by the dry and bare soil conditions. These immense dust
storms—given names such as "Black Blizzards" and "Black Rollers"—often reduced visibility to a
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few feet and produced deadly electrical storms. The Dust Bowl affected an estimated 100M acres,
centered on the panhandles of Texas and Oklahoma, and adjacent parts of New Mexico, Colorado,
and Kansas.
The Dust Bowl was an ecological and human disaster caused by misuse of land and years of
sustained, naturally occurring drought. Millions of acres of farmland became useless, and hundreds
of thousands of people were forced to leave their homes to survive.
The worst drought in 50 years affected at least 35 states during the summer of 1988. In some areas
the lack of rainfall dated back to 1984. In 1988, rainfall totals over the Midwest, Northern Plains,
and the Rockies were 50‐85% below normal. Crops and livestock died and some areas became
desert. Forest fires began over the Northwest, and by autumn 4,100,000 acres had burned. A
government policy called "Let Burn" was in effect for Yellowstone National Park, with disastrous
results. Half of the National Park ‐ 2,100,000 acres ‐ was charred when a huge forest fire developed.
For the City of Galveston, the impact of a drought could be enormous. As a barrier island, Galveston
has no local source of potable water. All potable water must be purchased from mainland suppliers
and transported to the island via a pipeline. In the event of a prolonged drought, it is possible that
there would not be enough water available to the City to maintain its current pressure levels (and
therefore to maintain the safety of the potable water system), or to support the population.
Businesses and services that depend on water could be devastated, including fire and emergency
services. Given the number of wood‐frame structures in the City, a structure fire combined with
limited water or water pressure conditions because of drought could be disastrous.
Drought has the potential to significantly affect special populations, including the elderly, children,
and tourists. In addition, a drought of a prolonged nature could have significant impacts on the
City’s ability to obtain and distribute potable water, which is required to sustain life, safety and
health.
Occurrences of the Drought Hazard
The historic frequency of occurrence of drought for the Galveston area is occasional. Based on
historical data, it can be expected that every 6 years Galveston County (the smallest unit for which
data is available) will experience at least 1 drought season. Historical frequencies from 1895 to 1995
reveal that the entire Texas Gulf Coast Basin (which includes the City of Galveston) has suffered
drought conditions at least every 10‐20 years.
Since the last plan, drought conditions in Galveston and east Texas have improved, and there have
been no recent occurrences of the hazard.
Probability of Future Occurrences of the Drought Hazard
Using the scale provided at the beginning of this section, the probability of a future occurrence of the
drought hazard is low. This is verified by the US Seasonal Drought Outlook, issued by the Climate
Prediction Center of the National Weather Service.17
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Figure 6.3.3‐1
US Seasonal Drought Outlook
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6.3.4 Environmental Disaster (updated)
Description of the Environmental Disaster Hazard
An environmental disaster is an incident, which causes harm or negative consequences to the
natural environment due to human activity. Environmental disasters may be exacerbated by natural
phenomenon, but they do not originate from nature. While the actual harm that some environmental
disasters may cause can be debated, the consequences to humans and to the built environment are
rarely debatable.
Examples of environmental disasters include:










Habitat destruction is the process in which natural habitat is rendered functionally unable
to support the species present. In this process, the organisms which previously used the site
are displaced or destroyed, reducing biodiversity. Habitat destruction by human activity
mainly for the purpose of harvesting natural resources for industry production and
urbanization. Clearing habitats for agriculture is the principal cause of habitat destruction.
Other important causes of habitat destruction include mining, logging, and urban sprawl.
Habitat destruction is currently ranked as the most significant cause of species extinction
worldwide.
Land pollution is the degradation of Earth's land surfaces often caused by human activities
and the misuse of land resources. It occurs when waste is not disposed of properly. Health
hazard disposal of urban and industrial wastes, extraction of minerals, and improper use of
soil by inadequate agricultural practices are a few causes. Urbanization and industrialization
are major sources of land pollution.
An oil spill is an unintentional release of a liquid petroleum hydrocarbon into the
environment due to human activity, and is a form of pollution. The term often refers to
marine oil spills, where oil is released into the ocean or coastal waters. Oil spills include
releases of crude oil from tankers, offshore platforms, drilling rigs and wells, as well as spills
of refined petroleum products (such as gasoline) and their by‐products, and heavier fuels
used by large ships such as bunker fuel, or the spill of any oily refuse or waste oil. Spills may
take months or even years to clean up. Oil also enters the marine environment from natural
oil seeps. Most human‐made oil pollution comes from land‐based activity, but public
attention and regulation has tended to focus most sharply on seagoing oil tankers.
Smog is a kind of air pollution; the word "smog" is a hybrid of smoke and fog. Modern smog
is a type of air pollution derived from vehicular emission from internal combustion engines
and industrial fumes that react in the atmosphere with sunlight to form secondary
pollutants that also combine with the primary emissions to form photochemical smog. Smog
is also caused by large amounts of coal burning in an area caused by a mixture of smoke and
sulfur dioxide.
Damage to underground septic tanks and systems can lead to serious environmental
contamination for local communities. Storm surge and other flooding events exert
hydrostatic and hydrodynamic forces on the system, including the tanks, causing damage to
the containment system, including leaking, seeping and – in some cases – can cause the tank
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itself to “pop” out of the ground. This leads to raw sewage contamination of both the land
area and the surrounding waters.
Location of the Environmental Disaster Hazard
Environmental disasters can happen anywhere in or near Galveston. As a barrier island, the City is
surrounded by Gulf and Bay waters. Any spill or incident in those waters will likely impact the City
and its residents. Incidents on the mainland also have the potential to impact the City, depending on
the incident type and weather conditions.
In addition, there are an unidentified number of individually‐owned septic systems on the West End
of Galveston Island. All septic systems are located west of the Seawall. These systems have caused
environmental damage after being damaged by storm surge themselves. Currently, no map exists
that illustrates the locations of these systems.
Extent/Severity of the Environmental Disaster Hazard
There is no single method of determining the extent or severity of an environmental disaster. Some
types of events have severity scales; others do not. This section provides an example of the types of
scales and indices that might be used, depending on the type of disaster and how the environment is
impacted.
To determine air quality, the US Environmental Protection Agency (EPA) has established the Air
Quality Index. This index has established boundaries to indicate the healthfulness of the ambient air
in a given location. This information is available through the EPA, and is often is included with local
weather forecasts on news programs. Table 6.3.4‐1 (below) shows this index.18
Table 6.3.4‐1
US Air Quality Index
Air Quality Values
0 – 50
51 – 100
101 – 150
151 – 200
201 – 300
301 – 500

EPA Air Quality Index
Levels of Health Concern
Good
Moderate
Unhealthy for Sensitive Groups
Unhealthy
Very Unhealthy
Hazardous

Color
Green
Yellow
Orange
Red
Purple
Maroon

There are many severity scales that are used for chemical or product spills. Each of these scales,
however, is specific to the type of chemical or product, and many are specific to the geography of the
area.
Depending on the type of environmental disaster that occurred, Galveston could experience severe
consequences. Any incident in the Gulf of Mexico or the shipping channels would likely impact
Galveston before the Texas mainland. Galveston is also subject to frequent coastal storms, which also
increase the likelihood and severity of environmental disasters.
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Impact on Life and Property from the Environmental Disaster Hazard
Environmental disasters can effect agriculture, biodiversity, the economy and human health. The
causes include pollution, depletion of natural resources, industrial activity or agriculture. As the
original Plan was being developed in 2010, the world was watching the largest oil contamination
event in US history unfold in the Gulf of Mexico, a few hundred miles offshore from Galveston. In July
2010, oil from the Deepwater Horizon accident began washing up on the beaches in Galveston and
the Bolivar Peninsula to the north of Galveston. Oil has also impacted coastal communities in
Louisiana, Alabama, Mississippi, and Florida. This incident underscores the point that environmental
disasters have far reaching effects and consequences.
As a barrier island, the City has the potential of being impacted by an incident in the Gulf of Mexico.
The City has nearly 30 miles of Gulf‐facing coastline. The Bureau of Ocean Energy Management
maintains statistics on offshore drilling. Per their information, there are 29,290 offshore leases in the
Gulf of Mexico as of January 31, 2016.19 Each one of these leases poses a risk to the shoreline of
Galveston, to the people that live in and visit the City, and to the ecosystems that make up the island.
Occurrences of the Environmental Disaster Hazard
In the aftermath of Hurricane Ike, the City experienced an environmental disaster from the damage
to privately‐owned and maintained septic systems on the West End of Galveston Island. It is
unknown exactly how many on‐site sewage treatment systems there are on the Island; the Galveston
County Health Department (the agency responsible for permitting the systems) estimates there to be
several hundred, though many were installed prior to the presently‐required permitting process.
The small lot sizes, high water tables and regular tidal erosion combine to make this hazard a
frequent risk. After Hurricane Ike, entire systems were washed out, leading to bacterial
contamination of the property and surrounding area. Also, in many cases, the tank lid collapsed
under the additional weight of the water, allowing the contents to escape and the tanks to fill with
sand and debris.
The Galveston County Health Department estimates that they identified 140 damaged septic systems
after Hurricane Ike, though this number is far from concrete. The wide‐spread damage left by
Hurricane Ike made it difficult to determine what debris belonged to what property, or even if the
septic system was damaged. Specific management and cleanup information was provided to
homeowners from the Texas Commission on Environmental Quality (TCEQ) and the US
Environmental Protection Agency (EPA) to guide property owners through the clean‐up and use of
these damaged or compromised systems in the wake of Hurricane Ike.
In March 2014, the 585‐foot bulk carrier Summer Wind collided with a barge. The barge was carrying
924,000 gallons of marine fuel oil – 170,000 of which spilled in Galveston Bay. The cleanup of the
spill was accomplished in approximately six weeks, with limited negative impacts to the City of
Galveston or Galveston Island. The impacts were limited largely due to the swiftness of the response
to the spill.
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The Galveston area faces the effects of environmental disasters with some regularity; the City is part
of the designated Houston‐Galveston‐Brazoria Ozone Nonattainment Area. Constant challenges are
faced in dealing with the effects of poor air quality in the area.
Probability of Future Occurrences of the Environmental Disaster Hazard
While large‐scale environmental disasters are rare, smaller occurrences happen regularly on
Galveston Island, often as cascading events in conjunction with other hazards. Based on local
knowledge and expertise, and using the scale provided earlier in this section, the HMPSC ranked the
probability of future occurrence of the environmental disaster hazard as moderate.

6.3.5 Expansive Soils
Description of the Expansive Soils Hazard
Expansive soils are soils and soft rock that swell or shrink due to changes in the moisture content.
These soils tend to be primarily composed of bentonite, smectite, or other reactive clays that attract
water.
While these types of soils are not generally present on Galveston Island – which is comprised
largely of sandy soils from the fill that was used to elevate the island (at least on the east end) – the
effect is the same. The sandy soils swell when wet, causing shifting of the built environment.
Location of the Expansive Soils Hazard
Expansive soils can be found throughout Texas, including the entirety of the planning area.
Figure 6.3.5‐1 (following) illustrates this fact. As seen in this figure, the planning area is
contained within the areas coded blue, which are defined as “Part of unit (generally less than
50%) consists of clay having high swelling potential.” 20
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Figure 6.3.5‐1
Expansive Soils in Texas

The approximate location of the City of Galveston is indicated in the figure above. The entire
City, which is about 209 miles², is exposed to the expansive soils hazard, as the island

itself is comprised of soils that are largely comprised of clay with a high swelling
potential.
Extent/Severity of the Expansive Soils Hazard
ASTM International (formerly known as the American Society for Testing and Materials) develops
voluntary industry standards for a variety of industry. A standard is a document that has been
established to meet applicable requirements and regulations. While ASTM standards are voluntary,
they are widely used in a variety of industries. 21
ASTM has developed a standard test method for an expansion index of soils. This test is designed to
indicate the swelling potential of compacted soil. While the use of this standard requires reliable
texting methodology, the scale developed can provide indications of the potential expansion of the
tested soil.22
Table 6.3.5‐1 (following) provides an overview of this scale. 23 it is unknown how the soils
throughout the City would fall on this scale, but it is thought that the potential exists for the
complete range of expansion to occur.
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Table 6.3.5‐1
Classification of Potential Expansion of Soils Using ASTM’s Expansion Index
ASTM Expansion Index
Expansion Index

Potential for Expansion

0 – 20

Very low

21 – 50

Low

51 – 90

Medium

91 – 130

High

>131

Very High

Impact on Life and Property from the Expansive Soils Hazard
Expansive soils pose a risk to the built environment around them. Specifically, structures
built on top of these soils can experience shifting, setting, and other foundation damages.
In extreme cases, the entire structure may collapse or be damaged by these soils.
In addition, utilities that are run through these soils, and roadways that are on top of them, may
also experience damage. Expansion and contraction of the surrounding or underlying soils can
result in shifting, cracking, or other damages to utility lines and roadways, rendering them useless
or impassable. This can result in utility and transportation interruptions that negatively impact
operations and movement. Swelling and contracting of the soils on the island has caused shifting
and movement of utility line assets, which impacted service and availability of the utilities in and to
the City.
Previous Occurrences of the Expansive Soils Hazard
Occurrences of expansive soils cannot be documented until damages occur. Thus, this hazard
cannot be considered a time‐specific hazard.
The City of Galveston has reported experiencing the effects of expansive soils on occasion.
Swelling and contracting of the soils on the east end of Galveston Island have caused shifting
and movement of utility lines, which has resulted in minor disruptions in service and caused
repairs to the infrastructure. None of these events can be considered catastrophic, and all were
repaired in short order. The City considers these instances to be an on‐going maintenance and
repair concern for their utility infrastructure. No reports of serious or significant occurrences of
the hazard were reported during the development of this Plan update.
Probability of Future Occurrences of the Expansive Soils Hazard
The SHMP notes that while this hazard is prevalent in the state, it is not well documented. The
SHMP ranks the frequency of occurrence of the expansive soil hazard as unlikely, meaning that
an event is possible within the next ten years24.
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This Plan update concurs with that assessment, and – in consideration of the scale provided
earlier in this section ‐ assigns a probability of low for a future occurrence.

6.3.6 Extreme Heat
Description of the Extreme Heat Hazard
North American summers are hot; most summers see heat waves in one section or another of the
US. East of the Rockies, they tend to combine both high temperature and high humidity, although
some of the worst have been catastrophically dry.
Extreme heat is defined as summertime weather that is substantially hotter and/or more humid
than average for a location at that time of year. Extreme heat conditions can increase the incidence
of mortality and morbidity in affected populations.
Location of the Extreme Heat Hazard
Extreme heat is not a hazard with a defined geographic boundary. The entire planning area can
expect to experience the hazards.
Extent/Severity of the Extreme Heat Hazard
The National Weather Service (NWS) issues a range of watches and warnings associated with
extreme heat, as illustrated below:






Excessive Heat Outlook: when the potential exists for an excessive heat event in the next 3
to 7 days. An outlook is used to indicate that a heat event may develop. It is intended to
provide information to those who need considerable lead time to prepare for the event,
such as public utilities, emergency management and public health officials.
Excessive Heat Watch: when conditions are favorable for an excessive heat event in the
next 12 to 48 hours. A watch is used when the risk of a heat wave has increased, but its
occurrence and timing is still uncertain. It is intended to provide enough lead time so those
who need to set their plans in motion can do so, such as established individual city
excessive heat event mitigation plans.
Excessive Heat Warning/Advisory: when an excessive heat event is expected in the next
36 hours. These products are issued when an excessive heat event is occurring, is imminent,
or has a very high probability of occurrence. The warning is used for conditions posing a
threat to life or property. An advisory is for less serious conditions that cause significant
discomfort or inconvenience and, if caution is not taken, could lead to a threat to life and/or
property.

The NWS also developed the Heat Index (HI). The HI is sometimes referred to as the "apparent
temperature". The HI, given in degrees F, is a measure of how hot it feels when relative
humidity (RH) is added to the actual air temperature. To find the HI, NWS uses the Heat Index
Chart, found following in Figure 6.3.6‐1. As an example, if the air temperature is 96°F (found on
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the top of the table) and the RH is 65% (found on the left of the table), the HI ‐ or how hot it
feels ‐ is 121°F. This is at the intersection of the 96° column and the 65% row.
Since HI values were devised for shady, light wind conditions, exposure to full sunshine can
increase HI values by up to 15°f. Also, strong winds, particularly with very hot, dry air, can be
extremely hazardous.
Note the shaded zone above 105°F on the Heat Index Chart. This corresponds to a level of HI that
may cause increasingly severe heat disorders with continued exposure and/or physical activity.
Figure 6.3.6‐1
Heat Index Chart25

The City of Galveston could experience the full extent of the hazard, as defined NOAA’s Heat Index
Chart, though it is mostly likely that high temperatures max out in the ‘extreme caution’ or ‘danger
range’ of the scale, based on data maintained by the NCDC.
When extreme heat occurs or is forecast to occur, the NWS issues heat advisories based on heat
indices; these advisories are issued through the media and the Emergency Alert System. The
NWS aids state and local health officials in preparing civil emergency messages for severe heat
waves, in addition to preparing special weather statements that define who is most at risk, safety
rules, and the expected severity of the situation. The NWS also aids state and local authorities
with issuing warnings and survival tips.
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The NWS has defined criteria for these heat advisories, which are issued by the local office of the
NWS. Table 6.3.6‐1 (following) provides these criteria. 26
Table 6.3.6‐1
National Weather Service – Heat Product Criteria
National Weather Service Heat Products
Alert Issued

Criteria

Excessive Heat Warning

An Excessive Heat Warning is issued within 12 hours of the onset of
extremely dangerous heat conditions. The general rule of thumb for this
Warning is when the maximum heat index temperature is expected to be
105° or higher for at least 2 days and night time air temperatures will
not drop below 75°; however, these criteria vary across the country,
especially for areas not used to extreme heat conditions. If you don't
take precautions immediately when conditions are extreme, you become
seriously illness or even die.

Excessive Heat Watch

Heat watches are issued when conditions are favorable for an excessive
heat event in the next 24 to 72 hours. A Watch is used when the risk of a
heat wave has increased but its occurrence and timing is still uncertain.

Heat Advisory

A Heat Advisory is issued within 12 hours of the onset of extremely
dangerous heat conditions. The general rule of thumb for this Advisory
is when the maximum heat index temperature is expected to be 100° or
higher for at least 2 days, and night time air temperatures will not drop
below 75°; however, these criteria vary across the country, especially for
areas that are not used to dangerous heat conditions. Take precautions
to avoid heat illness. If you don't take precautions, you could become
seriously ill or even die.

Excessive Heat Outlook

Excessive Heat Outlooks are issued when the potential exists for an
excessive heat event in the next 3‐7 days. An Outlook provides
information to those who need considerable lead‐time to prepare for the
event.

Impact on Life and Property from the Extreme Heat Hazard
Health risks from extreme heat include sunburn, dehydration, heat cramps, heat exhaustion,
and heat stroke. Heat disorders generally result from a reduction or collapse of the body’s
ability to cool itself by circulatory changes and sweating, or a chemical (salt) imbalance caused
by too much sweating. When the body cannot cool itself, or when it cannot compensate for
fluids and salt lost through perspiration, the temperature of the body’s inner core begins to rise,
and heat‐related illness may develop. All other factors being equal, the severity of heat
disorders tends to increase with age. Heat cramps in a 17‐year‐old may be heat exhaustion in
someone who is 40, and heat stroke in a person over 60.
Table 6.3.6‐2 (following) provides the potential health hazards associated with heat, by
category. 27
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Table 6.3.6‐2
Potential Health Hazards Associated with Heat Index
Potential Health Hazards from Heat
Category
Heat Index
Health Hazards
Extreme
130°F‐
Heat stroke/ sunstroke is likely with continued exposure.
Danger
Higher
105°F‐
Sunstroke, muscle cramps, and/or heat exhaustion with prolonged
Danger
129°F
exposure and/or physical activity.
Extreme
Sunstroke, muscle cramps, and/or heat exhaustion with prolonged
90°F‐ 105°F
Caution
exposure and/or physical activity.
Caution
80°F‐ 90°F
Fatigue possible with prolonged exposure and/or physical activity.

Approximately 35% of the City of Galveston’s population is over 50 and is more vulnerable to the
extreme heat hazard.
In addition to the effects that extreme heat can have on people, there are also potential effects to
the City of Galveston’s assets from extreme heat. Increases in the exterior temperature mean that
the utilities and processes by which interior spaces are controlled and conditioned must work
harder to regulate those interior temperatures. This places an additional strain on existing utility
systems, which can fail under the increased workload. Failure of cooling mechanisms places people
at risk from prolonged exposure to extreme heat.
Occurrences of the Extreme Heat Hazard
The record high temperature in Galveston was 104°F, recorded on September 5, 2000. Average
summer temperatures are routinely in the 90s, and can exceed 100°F throughout the planning
area.28 Per the NCDC, there have been seven occurrences of extreme heat, with two fatalities,
recorded for Galveston since 1999.29 No occurrences of the hazard were recorded by the NCDC or
reported since the previous plan was developed.

Probability of Future Occurrences of the Extreme Heat Hazard
Generally, temperatures across the globe are increasing. The previous few summers in eastern
Texas have been above‐average in temperature. The SHMP places the probability of a future
occurrence of the extreme heat hazard as highly likely.30 Given that the planning area is located
entirely within Texas, this plan concurs with that assessment, and places the probability of a future
occurrence as high.

6.3.7 Extreme Wind (updated and separated)
Description of the Extreme Wind Hazard
This section focuses on the extreme wind hazard. This hazard is most often accompanied by other
storm hazards, but can occur as a stand‐alone hazard event.
As defined by the National Weather Service, wind is
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The horizontal motion of the air past a given point. Winds begin with differences in air pressures.
Pressure that's higher at one place than another sets up a force pushing from the high toward the low
pressure. The greater the difference in pressures, the stronger the force. The distance between the
area of high pressure and the area of low pressure also determines how fast the moving air is
accelerated. Meteorologists refer to the force that starts the wind flowing as the "pressure gradient
force." High and low pressures are relative. There's no set number that divides high and low
pressure. Wind is used to describe the prevailing direction from which the wind is blowing with the
speed given usually in miles per hour or knots.

The extreme winds hazard will focus on severe thunderstorms and straight line winds.
The National Oceanic and Atmospheric Administration (NOAA) defines a severe thunderstorm as
A thunderstorm that produces a tornado, winds of at least 58 mph (50 knots), and/or hail at least ¾"
in diameter. Structural wind damage may imply the occurrence of a severe thunderstorm. A
thunderstorm wind equal to or greater than 40 mph (35 knots) and/or hail of at least ½" is defined
as approaching severe.

Straight line winds are responsible for most thunderstorm wind damages, and can exceed 100 MPH.
One type of straight‐line wind, the downburst, is a small area of rapidly descending air beneath a
thunderstorm. A downburst can cause damage equivalent to a strong tornado and can be extremely
dangerous to aviation
Location of the Extreme Wind Hazard
Extreme winds can and do impact the entirety of the city of Galveston. As the City is a barrier island
that is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to
and at risk from extreme wind events.
Extent/Severity of the Extreme Wind Hazard
The severity and extent of extreme winds events varies, depending on the type of storm that
produces the event. Table 6.3.7‐1 (following) demonstrates the Beaufort Wind Force Scale, used to
describe primarily maritime wind conditions.31
Table 6.3.7‐1
Beaufort Wind Force Scale

Beaufort Wind Force Scale
Beaufort
Number
0

Wind Speed
in MPH
>1

1

1‐3

Light Air

2

4‐7

Light Breeze

3

8‐12

Gentle Breeze

4

13‐18

Moderate Breeze

5

19‐24

Fresh Breeze

Seaman’s Term

Effects on Land

Calm

Calm; smoke rises vertically
Smoke drift indicates wind direction; vanes do not
move
Wind felt on face; leaves rustle; vanes begin to move
Leaves, small twigs in constant motion; light flags
extended
Dust, leaves and loose paper raised up; small
branches move
Small trees begin to sway
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Beaufort Wind Force Scale
Beaufort
Number

Wind Speed
in MPH

Seaman’s Term

6

25‐31

Strong Breeze

7

32‐28

Moderate Gale

8

39‐46

Fresh Gale

9

47‐54

Strong Gale

10

55‐63

Whole Gale

11

64‐72

Storm

12

73<

Hurricane Force

Effects on Land
Large branches of trees in motion; whistling heard
in wires
Whole trees in motion; resistance felt in walking
against the wind
Twigs and small branches broken off trees
Slight structural damage occurs; slate blown from
roofs
Seldom experienced on land; trees broken;
structural damage occurs
Very rarely experienced on land; usually with
widespread damage
Violence and destruction

As a barrier island, Galveston expects to experience the entire range of extreme winds. Galveston has
experienced the full extent of the scale on numerous occasions, including every hurricane that has
come into proximity to the island.
Impact on Life and Property from the Extreme Wind Hazard
Extreme winds have the potential to devastate the City of Galveston. The City’s location as a barrier
island makes it particularly susceptible to extreme winds. All areas of the City are at risk from the
extreme wind hazard. Extreme wind can damage buildings, building components, infrastructure,
exposed equipment, vehicles, exposed utilities, trees, and people. Trees may be uprooted, which
may result in downed power lines, vehicle damages, and building damages when they fall.
Flying debris is a primary concern with extreme wind, as is the structural integrity of buildings.
Though the City has adopted, continually evaluates, and enforces stringent building codes, designed
to protect the built environment, these building codes only apply to newer construction in most
circumstances. Older building stock remains at risk from extreme wind events in most cases.
Table 6.3.7‐2 (following) provides details of impacts to the City from the hazard.
Occurrences of the Extreme Wind Hazard
Table 6.3.7‐2 (following) details selected occurrences of extreme wind events in the City of
Galveston. The storm type and estimated damages, fatalities and injuries are noted (where data
available). Note that this table is intended to be representative of the hazard occurrences, may not
include all known occurrences, but does include all documented occurrences since the previous
plan was approved in 2011.3233
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Table 6.3.7‐2
Occurrences of the Extreme Wind Hazard in the City of Galveston
Occurrences of the Extreme Wind Hazard in the City of Galveston
Date
June 10,
1975
August 31,
1981

Type of
Extreme
Winds
Severe
Thunder‐
storm
Severe
Thunder‐
storm

Fatalities

Injuries

Estimated
Damages

0

0

None
Reported

61 KTS

0

0

None
Reported

80 KTS

May 2, 1993

Severe
Thunder‐
storm

0

0

$50M
(County‐
wide)

March 9,
1994

Severe
Thunder‐
storm

0

0

$5,000

June 23,
1996

Severe
Thunder‐
storm

0

0

None
Reported

November
5, 1997

Severe
Thunder‐
storm

0

0

$51,000

June 6,
1998

Severe
Thunder‐
storm

0

0

$20,000

October 6,
1998

Severe
Thunder‐
storm

0

0

$5,000

Notes

Numerous trees were knocked down, roofs
were damaged, and power line were blown or
knocked down county‐wide. The National
Weather Service Office in downtown Galveston
reported a wind gust to 68 MPH while at
Scholes Field a peak gust of 98 MPH was
recorded. At Scholes Field three hangers were
destroyed and two private aircraft were
damaged. Two shrimp boats were blown onto
the north jetty at the entrance to Galveston
Bay. One shrimp boat capsized in the West Bay.
The United States Coast Guard reported
numerous fishing boats and barges broke away
from their mooring. Galveston City Manager
reported 64 businesses damaged; twelve
apartment complexes and several large stores
had roofs stripped of shingles and windows
blown in. Near 10,000 homes were without
power. Many vehicles were damaged from
flying debris.
Bow echo moved across western portion of
Galveston Island producing winds of 80 to 100
MPH. These winds were recorded by three
citizens who owned home‐based anemometers.
The highest wind recorded was 102 MPH.
Damage was minimal since most homes in this
region were on stilts in this region. Only
damage was some breakaway walls on the
ground floor were blown down.
Coast Guard reported 50‐70 KT gusts at Pelican
Cut in Galveston Bay.
Power lines down and an 18 ‐wheeler
overturned at Harborside Drive & Avenue A.
Windows blown out at the Moody Center on
the Seawall. Garden shed at nursery on 32nd
Street destroyed. Power lines blown down in
eastern Galveston. Hotel roof on 61st Street
blown off.
Coast Guard estimated 85 KT winds at the ferry
landing. 150‐foot dry dock blew off moorings
into a ship. Dredge pipes (75‐foot‐long, 2000‐
3000 pounds) blown off shore into the water.
75 MPH gusts at the Ferry landing in Galveston
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Occurrences of the Extreme Wind Hazard in the City of Galveston
Date

Type of
Extreme
Winds

Fatalities

Injuries

Estimated
Damages

May 10,
1999

Severe
Thunder‐
storm

0

0

$200,000

May 2, 2000

Severe
Thunder‐
storm

0

0

$1M

April 8,
2002

Severe
Thunder‐
storm

0

0

$70,000

December
30, 2002

Severe
Thunder‐
storm

0

0

$30,000

May 08,
2005

Severe
Thunder‐
storm

0

0

$175,000

May 22,
2007

Severe
Thunder‐
storm

0

0

None
Reported

Notes
Portion of convenience store on Broadway
destroyed. Fence blown down at Gulf Health
Care Center. Numerous power poles, street
signs and traffic signs blown down between
61st and 71st Streets near Harborside Drive.
Roof of home torn off and 2‐ton boat blown
into car along Channelview Drive. Numerous
reports of trees and power lines down across
island. Wind speed not recorded.
A strong storm system produced widespread
severe thunderstorms over southeast Texas.
Storm surveys revealed most of the wind
damage to be due to downburst winds. Severe
damage occurred at Scholes Field in Galveston
where several small planes were overturned
and the NOAA P‐3 research aircraft was
damaged.
There were an extensive number of power
lines down along FM 3005 on Galveston Island.
Wind damage to homes on the West End of
Galveston Island, most extensive at Terramar
and Bay Harbor subdivisions, with 4 houses
missing up to half their roofs, and a couple
dozen homes with missing shingles and blown
out windows.
140 feet of roof ripped off the Shops at the
Balinese Room on the Galveston seawall.
Exactly one week after the December 23rd
outbreak, Southeast Texas received another
round of severe weather as the next storm
system moved out of the southwestern US
toward Texas. This event only lasted three
hours (compared to eighteen hours on the
23rd). This event only had three tornadoes
(compared to ten on the 23rd). However,
damage from two of these three tornadoes was
significant since it occurred over heavily
populated areas. This event had no injuries,
and the total damage cost was just under
$450,000. Wind reported at 65 KTs at the
Pleasure Pier.
Building damage along the Port of Galveston,
vehicle blown off the road and trees down. One
house shifted about ten feet into another house
next door, dislodging it from its piers (both
homes were Galveston 1900 Storm survivors).
Wind speeds measured at 61 KTs.
53 KTs winds reported. Tree downed in the
Gulf Village subdivision near Stewart Road.
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Occurrences of the Extreme Wind Hazard in the City of Galveston
Type of
Extreme
Winds

Date

August 30,
2009

April 20,
2012
May 27,
2014

Severe
Thunder‐
storm,
Tornado
Severe
Thunder‐
storm
Severe
Thunder‐
storm

Fatalities

Injuries

Estimated
Damages

Notes

0

0

Unknown

51 KTs Wind gust was measured at Galveston
Scholes Field. Several strong thunderstorms
formed late in the evening near Galveston
Island along a nearly stationary surface front. A
waterspout developed off the coast near
Galveston Island before moving inland and
doing damage as a tornado.

0

0

Unknown

78 MPH winds were recorded at Moody
Gardens.

0

0

Unknown

Winds of 60MPH blew down utility poles and
power lines in the City.

Probability of Future Occurrences of the Extreme Wind Hazard
Based on the history of extreme wind events, local knowledge, and the City’s location as a barrier
island, using the scale provided at the beginning of this section, the probability of a future
occurrence of extreme winds is high.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

6.3.8 Flooding (updated)
Description of the Flooding Hazard
Floods are naturally occurring events. Excess water from snowmelt, rainfall, or storm surge
accumulates and either overflows onto banks or backs up into adjacent floodplains. Flooding in
coastal environments can be exacerbated by tidal influence in low lying areas.
The National Flood Insurance Program (NFIP) defines flood in the following way:
A general and temporary condition of partial or complete inundation of two or more acres
of normally dry land area or of two or more properties from overflow of inland or tidal
waters, from unusual and rapid accumulation or runoff of surface waters from any source,
or from mudflow.
Location of the Flooding Hazard
As a barrier island, the entirety of the City of Galveston is subject to flooding. Though a portion of
the City is protected by the Seawall, it is important to remember that this protection is only on the
Gulf‐facing side of the City; there is no such protection for the portion of the city that faces the Bay.
See Figure 6.3.8‐1 (following) for flood zone designations and boundaries, as defined by FEMA.
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Figure 6.3.8‐1
Location of Special Flood Hazard Areas in Galveston

Flood Control and Protection in Galveston
In the aftermath of the 1900 hurricane, physical changes were made to the Island to provide for
flood protection. Portions of the Island itself were elevated, using fill dredged from Galveston Bay.
Some portions of the Island were elevated to a height of 17’ MSL. Note that this elevation occurred
only on the eastern third of the Island, which was and remains the more densely populated portion.
No such grade rising occurred on the West End, which remains largely at its natural elevation.
In addition to the elevation, construction of a seawall was commenced. The Galveston Seawall is a
flood protection device that was built after the Galveston Hurricane of 1900 for protection from
future storm surge inundation. Construction began in September 1902, and the initial segment was
completed on July 29, 1904. From 1904 to 1963, the seawall was extended from 3.3 miles to over
10 miles long, its present length. It was constructed to approximately 17’ high (MSL), and 16’ thick
at its base. The Seawall was listed in the National Register of Historic Places in 1977 and designated
a National Civil Engineering Landmark by the American Society of Civil Engineers (ASCE) in 2001.
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Extent/Severity of the Flooding Hazard
Virtually the entirety of Galveston lies within an SFHA, as noted in Map 6.3.8‐1. This includes the
majority of residential structures, historic assets, critical facilities, and City‐owned assets.
In Galveston, the threat of flooding from coastal storm surge inundation is real. With more than 30
miles of Gulf‐facing beach, and just as many miles of Bay‐facing shore, the City is surrounded by
water that is subject to hurricanes and other coastal storm events. Storm surge is a result of
extreme winds pushing on the surface of the ocean, causing the water to rise to a height above
normal sea level. When storm surge encounters land, it is measured in height above normal tide
levels. Though a portion of the City is protected by the Seawall and has been artificially elevated,
most the land within the City’s jurisdiction is not protected and has not been artificially elevated. It
is worth noting that the Seawall was constructed to a height of 17’ MSL; storm surge of any greater
height could overtop the protection, leaving the entirety of the land within the City’s jurisdiction
vulnerable to storm surge inundation.
In support of the NFIP, FEMA identifies those areas that are more vulnerable to flooding by
producing Flood Hazard Boundary Maps (FHBM), Flood Insurance Rate Maps (FIRM), and Flood
Boundary and Floodway Maps (FBFM). Several areas of flood hazards are commonly identified on
these maps. One of the areas identified in the Special Flood Hazard Area (SFHA), which is a high‐
risk area defined as any land that would be inundated by a flood having a 1% chance of occurring in
any given year (also known as the base flood). The flood zone designations are defined as follows:












Zone V (1% annual chance flooding). Areas along coasts subject to inundation by the 1%
annual chance of flooding with additional hazards associated with storm‐induced waves.
Because hydraulic analyses have not been performed, no BFEs or flood depths are shown.
Zones VE and V1‐30 (1% annual chance flooding). Areas along coasts subject to
inundation by the 1% annual chance of flooding with additional hazards associated with
storm‐induced waves. BFEs derived from detailed hydraulic analyses are shown within
these zones. (Zone VE is used on new and revised maps in place on Zones V1‐30.)
Zone A (1% annual chance flooding). Areas with a 1% annual chance of flooding and a
26% chance of flooding over the life of a 30‐year mortgage. Because detailed analyses are
not performed for such areas, no depths or base flood elevations are shown within these
areas.
Zone AE (1% annual chance of flooding). Areas with a 1% annual chance of flooding and
a 26% chance of flooding over the life of a 30‐year mortgage. In most instances, base flood
elevations derived from detailed analyses are shown at selected intervals within these
zones.
Zone AH (1% annual chance of flooding). Areas with a 1% annual chance of flooding
where shallow flooding (usually areas of ponding) can occur with average depths between
one and three feet.
Zone AO (1% annual chance of flooding). Areas with a 1% annual chance of flooding,
where shallow flooding average depths are between one and three feet.
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Zone X (shaded) (0.2% annual chance of flooding). Represents areas between the limits
of the 1% annual chance flooding and 0.2% chance flooding.
Zone X (unshaded). Areas outside of the 1% annual chance floodplain and 0.2% annual
chance floodplain, areas of 1% annual chance sheet flow flooding where average depths are
less than one (1) foot, areas of 1% annual chance stream flooding where the contributing
drainage area is less than one (1) square mile, or areas protected from the 1% annual
chance flood by levees. No Base Flood Elevation or depths are shown within this zone.

In addition to the threat from storm surge and other tropical causes of flooding, the City is also
prone to street flooding during heavy rain events. The storm water drainage system on the island is
gravity‐fed, and the island itself has limited changes in elevation from one side to the other. This
means that storm water drains slowly through the drainage system, and often backs up in the storm
water system. This leads to gutter and street flooding for a period after heavy rain events.
The National Weather Service has established definitions of flood stages and accompanying
watches and warnings, used in warnings and notifications to all users of their products, including
the public and emergency managers. Table 6.3.8‐1 below, provides these terms and their
definitions.34
Table 6.3.8‐1
National Weather Service Flood Stages

Term

Flood stage

Flood categories

Minor flooding
Moderate flooding

Major flooding

Flood Categories
Definition
An established gage height for a given location at which a rise
in water surface level begins to impact lives, property, or
commerce. The issuance of flood (and in some case flash flood)
warnings is linked to flood stage. Not necessarily the same as
bankfull stage.
Terms defined for each forecast point which describe or
categorize the severity of flood impacts in the corresponding
river/stream reach. The severity of flooding at a given stage is
not necessarily the same at all locations along a river reach
due to varying channel/bank characteristics or presence of
levees on portions of the reach. Therefore, the upper and
lower stages for any given flood category are usually
associated with water levels corresponding to the most
significant flood impacts somewhere in the reach.
Minimal or no property damage, but possibly some public
threat (e.g., inundation of roads)
Some inundation of structures and roads near stream. Some
evacuations of people and /or transfer of property to higher
elevations.
Extensive inundation of structures and roads. Significant
evacuations of people and/or transfer of property to higher
elevations.

July 27, 2017 – Page 6‐46

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Flood Categories
Definition

Term

Record flooding
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Flooding which equals or exceeds the highest stage or
discharge observed at a given site during the period of record.
The highest stage on record is not necessarily above the other
three flood categories – it may be within any of them or even
less than the lowest, particularly if the period of record is
short (e.g., a few years).

The City of Galveston has experienced the complete extent of the flood hazard, including major
flooding (Hurricane Ike, 2008) and Record Flooding (1900 Storm), and could experience the
complete range in the future.
The 1900 Storm produced the highest recorded surge and flood elevations on Galveston Island.
This was due in part to the fact that at the time of the 1900 Storm the Island was at its natural
elevation, with no portion of it having been elevated at that time. NOAA’s historical archives
contain a report on the 1900 Storm written by Isaac Cline, the Local Forecast Official and Section
Director for the Galveston Weather Office during the 1900 Storm. This report contains the
following description from this first‐hand account of the storm surge and subsequent flooding:
The water rose at a steady rate from 3 p.m. until about 7:30 p.m., when there was a sudden rise of
about four feet in as many seconds. I was standing at my front door, which was partly open,
watching the water, which was flowing with great rapidity from east to west. The water at this
time was about eight inches deep in my residence, and the sudden rise of 4 feet brought it above
my waist before I could change my position. The water had now reached a stage 10 feet above the
ground at Rosenberg Avenue (Twenty‐fifth street) and Q street, where my residence stood. The
ground was 5.2 feet elevation, which made the tide 15.2 feet. The tide rose the next hour, between
7:30 and 8:30 p.m., nearly five feet additional, making a total tide in that locality of about twenty
feet. These observations were carefully taken and represent to within a few tenths of a foot the
true conditions. Other personal observations in my vicinity confirm these estimates. The tide,
however, on the bay or north side of the city did not obtain a height of more than 15 feet. It is
possible that there was 5 feet of backwater on the Gulf side as a result of debris accumulating four
to six blocks inland.35

Hurricane Ike produced a wide range of flood heights in the City, with official high water marks
ranging from 7.5’ MSL to 12.8’ MSL. The figure following indicates the high‐water marks for the
storm’s impact area, as measured by the Harris County Flood Control District, and referenced in
NOAA’s official report on Hurricane Ike.
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Figure 6.3.8‐2
Hurricane Ike High Water Mark Measurements36

Based on these two accounts, which represent the most significant extent of flooding experienced in
the City, the extent of the flood hazard for those portions of the Island that remain at natural
elevation (the West End) is approximately 20’ MSL. For those portions of the Island that were
elevated after the 1900 Storm, the extent of the flood hazard is approximately 12‐13’ MSL, based on
Hurricane Ike.
Impact on Life and Property from the Flooding Hazard
A 1% flood event poses a significant threat to the City, its assets, and its residents. Structures that
exist or are constructed in the SFHA are subject to damage from flood waters and floating debris, as
well as to being undermined by erosion or scour. Moving water exerts hydrodynamic pressure on
such structures, whereas still water exerts hydrostatic pressure. Both hydrostatic and
hydrodynamic forces can cause serious damage, including complete destruction, of non‐mitigated
structures. Utility systems, such as HVAC systems, water and septic lines, and electrical systems,
can be compromised, damaged or destroyed by flood waters, even if not completely inundated.
The best‐known flood event in Galveston’s history is, of course, the 1900 Hurricane. This hurricane,
also known as The Great Storm, redefined the City and its residents, and was the impetus for both
the elevation of the Island and the construction of the Seawall. At the time of the 1900 Storm, the
highest point in the city of Galveston was 8.7’ above sea level. The hurricane brought with it a storm
surge of over 15 feet, which inundated the entire island. The surge knocked buildings off their
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foundations and the surf pounded them to pieces. More than 3,600 homes were destroyed and a
wall of debris faced the ocean.
As severe as the damage to the city’s buildings was, the human toll was even greater. Rescuers
arrived to find the city destroyed. It is believed 8,000 people – at least 20% of the island’s
population ‐ lost their lives. Estimates range from 6,000 to 12,000, with no possibility of
determining an actual death toll. Most had drowned or been crushed as the waves pounded the
debris that had been their homes hours earlier. Many survived the storm itself but died after
several days trapped under the wreckage of the city, with rescuers unable to reach them. The
rescuers could hear the screams of the survivors as they walked on the debris trying to rescue those
they could. A further 30,000 were left homeless. More people were killed in this single storm than
the total of those killed in all the tropical cyclones that have struck the US since. As of 2009, more
than 300 tropical systems have struck the US. The Galveston Hurricane of 1900 remains the
deadliest natural disaster in US history.
108 years later, almost to the day, Hurricane Ike devastated Galveston Island. Ike began impacting
the City on Friday, September 12, 2008. Waves began crashing along the Seawall early that
morning. By later that afternoon, the storm surge began overtopping the Seawall. Widespread
flooding included downtown Galveston: 6’ deep inside the Galveston County Courthouse, and the
University of Texas Medical Branch at Galveston was devastated by flood waters. Wide scale
flooding caused failures of UTMB systems and allowed mold to invade buildings. Students were
transferred to other Texas medical schools immediately after the storm while determinations were
made about the future of the hospital and medical school. All emergency facilities were moved to
the Houston medical center. It was not until August 1, 2009 that UTMB's emergency room was
reopened.
In addition, the floodwaters of Ike also devastated the City’s water and wastewater systems. The
failure of both systems to function resulted in the delayed return of evacuated residents, due to
unsafe and unsanitary living conditions on the Island. Most residents were prohibited from
returning to their homes – those whose homes remained ‐ for at least a week after the flood waters
receded.
The NFIP, Repetitive Loss, and Severe Repetitive Loss Properties
The City of Galveston joined the NFIP on May 07, 1971, and is a member of the program in good
standing. Since the completion of their first hazard mitigation plan, the City has also joined the
Community Rating System. The City joined the CRS in August 2013, and is currently rated as a Class
7, per the City’s Floodplain Manager.
From 1971 through 2015, residents and businesses in Galveston have made 20,021 claims against
NFIP policies. Those claims resulted in payments of $790,110,119 to policy holders, for an average
claim payment of almost $40,000.

July 27, 2017 – Page 6‐49

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

The City also has many properties that have been designated by the NFIP as either Repetitive Loss
or Severe Repetitive Loss. A Repetitive Loss (RL) property is any insurable building for which two
or more claims of more than $1,000 were paid by the National Flood Insurance Program (NFIP)
within any rolling ten‐year period, since 1978. A RL property may or may not be currently insured
by the NFIP. Currently there are over 122,000 RL properties nationwide.
The National Flood Insurance Reform Act of 2004 also recognized repetitive loss as a significant
problem and defined severe repetitive loss as: “a single‐family property (consisting of 1 to 4
residences) that is covered under flood insurance by the NFIP and has incurred flood‐related
damage for which 4 or more separate claims payments have been paid under flood insurance
coverage, with the amount of each claim payment exceeding $5,000 and with cumulative amount of
such claims payments exceeding $20,000; or for which at least 2 separate claims payments have
been made with the cumulative amount of such claims exceeding the reported value of the
property. 37
As of July 31, 2015, there were 492 properties designated as RL in the City of Galveston. An
additional 27 properties were designated as SRL. Of these designated properties, 104 were
classified as commercial, and 388 were classified as residential.
Occurrences of the Flooding Hazard
Table 6.3.8‐2 (below) depicts the occurrences of the flood hazard in the City of Galveston. The type
of flooding and estimated damages, fatalities and injuries are noted (where data available). Note
that this table, which is based on both local reports and NCDC data, is intended to be representative,
may not include all known occurrences of the flood hazard, but does include all documented
occurrences since the previous plan was approved in 2011.38
Table 6.3.8‐2
Occurrences of the Flood Hazard in the City of Galveston
Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Date
Fatalities Injuries
Notes
Flooding
Damages
Local police reported street flooding on the
05‐30‐1995
Urban
0
0
Unknown
island.
The center of Tropical Storm Dean made
landfall near San Luis Pass and moved
Tropical
$400,000
inland. Tides were three to 3.5 feet above
07‐30‐1995
Storm
0
0
(affected
normal and ranged from 3.3 feet at
Dean
area)
Morgan’s Point to 4.8 feet at Pleasure Pier
above lower low water.
5‐7" rainfall caused street and bayou,
04‐25‐1997
Flash
0
0
Unknown
flooding.
Heavy rain combined with high tides
11‐05‐1997
Flash
0
0
$20,000
caused severe street flooding in the eastern
half of Galveston Island.
Harborside Drive, 19th Street, 30th Street,
06‐29‐1998
Flash
0
0
Unknown 35th Street, and 50th Streets impassable
due to high water.
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Date

08‐21‐1998

09‐07‐1998

06‐‐2001
08‐15‐2002
10‐08‐2002

07‐14‐2003

Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Fatalities Injuries
Notes
Flooding
Damages
Beach erosion accounted for the damage
estimates. Tides ran 2‐3 feet above
Tropical
predicted astronomical levels. Most areas
Storm
0
0
$25,000
across SE Texas averaged 2‐4 inches of rain
Charley
fall, however locations to the coast received
4‐6 inches.
On the beach front at Galveston Pleasure
Pier the tides rose above 4 feet above
MLLW on Wednesday afternoon and
remained above this level until the Friday
afternoon. The maximum level was reached
on Thursday evening when the gauge read
around 7 feet above MLLW or about 4.5 feet
above the predicted levels. In Galveston Bay
a similar even took place. With tides above
4 feet MLLW for 36 to 48 consecutive hours
and winds in excess of 25 mph through the
same period led to the destructive waves
Tropical
$287 M
along the beach front. These destructive
Storm
2
0
(declared
waves resulted in most of the dune systems
Frances
area)
from High Island to Sargent, Texas being
almost destroyed. Over 4 inches of rain fell
over all the Houston/Galveston County
Warning area. With tides already running 4
to 6 feet above normal the runoff from the
rains was not able to easily runoff into the
bays thus resulting in more widespread
flooding of inland creeks and bayous
especially early Friday morning. Most of the
damage was along the coast and around
Galveston Bay where high tides and winds
destroyed dunes and personal property.
Tropical
Storm
0
0
Unknown Flooding from Tropical Storm Allison.
Allison
Water in cars and businesses, streets
Flash
0
0
$100,000 closed. Island received more than 11 inches
of rain.
Roads flooded and impassable on Galveston
Flash
0
0
$15,000
Island after almost 3.50 inches of rain in 2
1/2 hours.
Major beach erosion was observed from
High Island to Freeport. Large geo‐tubes on
$10.9M
Hurricane
Galveston Island and the Bolivar Peninsula
0
0
(declared
Claudette
did significantly reduce erosion. Coastal
area)
roads along the west end of Galveston Bay
were under water due to tidal flooding.
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Date

08‐30‐2003

09‐23‐2005

08‐19‐2006
10‐16‐2006

09‐13‐2008

05‐14‐2010
09‐01‐2015

233
234
235
236
237
238

Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Fatalities Injuries
Notes
Flooding
Damages
Heavy rainfall between 6 and 12 inches was
Tropical
observed from extreme eastern Galveston
Storm
0
0
$50,000
County to across the Bolivar Peninsula and
Grace
northward into Chambers and portions of
Liberty Counties.
Dunes protecting many beach houses along
the West End of Galveston Island were
washed away. Large geo tubes along
portions of the West End of Galveston
Island did reduce erosion in areas where
$60,000
Hurricane
they were installed. Most flooding was due
0
0
(City‐
Rita
to high tides along Galveston Island and the
specific)
Bolivar Peninsula. Most of this flooding
occurred near the time of landfall as water
in Galveston Bay was pushed south out of
the Bay onto the north facing shores of the
island and the peninsula.
Flooding across the East End of Galveston
Flash
0
0
$10,000
Island and in The Strand area.
Coastal flooding lead to high water in
Coastal
0
0
$75,000
Galveston near Offatt’s Bayou and 61st
Street.
The unusually large storm produced an
unusually large hurricane force wind field.
The large wind field caused tides around
Galveston Island to rise as much as nine
feet 24 hours before the storm made
16
landfall. Complete tide gauge records for
Hurricane unaccoun numero
this area are unavailable since many of the
$200M+
Ike
ted for
us
sensors failed from salt water intrusion and
residents
large wave action, although ground
assessment teams determined that the
surge was generally between 15 and 20 ft.
Storm surge levels on Galveston Island and
on the west side of Galveston Bay are
estimated to be between 10 and 15 ft.
Flash
Heavy rainfall led to inundation of Stewart
0
0
Unknown
Flooding
Road.
Heavy rainfall led to flash flooding and
Flash
inundated roadways throughout the island,
0
0
$10,000
Flooding
including major thoroughfares and the
Texas A&M Galveston Campus.

Probability of Future Occurrences of the Flooding Hazard
Given that Galveston is a barrier island with more than 95% of its jurisdiction located within the
Special Flood Hazard Area, using the scale provided at the beginning of this section, the probability
of future occurrences of flooding is high.
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6.3.9 Hail
Description of the Hail Hazard
Hail is defined as falling ice, roughly round in shape and at least 0.2’ in diameter. Hail develops in
the upper atmosphere as ice crystals that are bounced about by high velocity updraft winds; the ice
crystals accumulate frozen droplets and fall after developing enough weight. The size of hailstones
varies and is a direct consequence of the severity and size of the storm that produces them – the
higher the temperatures at the Earth’s surface, the greater the strength of the updrafts and the
amount of time hailstones are suspended, the greater the size of the hailstone.
Location of the Hail Hazard
Hail is a non‐spatial hazard. All locations in the planning area at risk from the hail hazard.
Extent/Severity of the Hail Hazard
The National Oceanic and Atmospheric Administration (the parent agency for the NWS) and the
Tornado and Storm Research Organization (TORRO) both created Hailstorm Intensity Scales.
Table 6.3.9‐1 (below) provides details of these scales. 39
Table 6.3.9‐1
Combined NOAA/TORRO Hailstorm Intensity Scale
Hail Intensity Scales
Size
Intensity
Typical Hail Approximate
Code
Category
Diameter
Size
H0
Hard Hail
Up to 0.33”
Pea
Potentially
Marble or
H1
0.33” – 0.60”
Damaging
mothball
Potentially
H2
0.60” – 0.80” Dime or grape
Damaging
Nickel to
quarter

Typical Damage Impacts
No damage
Slight damage to plants and crops
Significant damage to fruit, crops and
vegetation
Severe damage to fruit and crops,
damage to glass and plastic structures,
paint and wood scored
Widespread glass damage, vehicle body
damage
Wholesale destruction of glass, damage
to tiled roofs, significant risk of injuries
Aircraft body dented, brick walls pitted
Severe roof damage, risk of serious
injuries

H3

Severe

0.80” – 1.20”

H4

Severe

1.20” – 1.60”

H5

Destructive

1.60” – 2.0”

H6

Destructive
Very
Destructive
Very
Destructive

2.0” – 2.4”

Half dollar to
ping pong ball
Silver dollar to
golf ball
Lime or egg

2.4” – 3.0”

Tennis ball

3.0” – 3.5”

Baseball to
orange

Severe damage to aircraft body

3.5” – 4.0”

Grapefruit

Extensive structural damage, risk of
severe or fatal injuries to persons
caught in the open

H7
H8
H9

Super
Hailstorms

A 3” hail event (Very Destructive) was recorded in 1975, and is assumed to demonstrate the extent
of the hail hazard that the City is likely to experience, though it is possible that the City could
experience a Super Hailstorm in the future.
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Impact on Life and Property from the Hail Hazard
In general, the impacts to assets and operations with the City from the hail hazard are expected to
be moderate to low. The more modern structures meet stringent wind and flood construction
standards, which should provide residual protection from hail events, which are often short‐lived.
Historic structures on the Island are far more likely to be damaged. Also more likely to be damaged
are assets on exposed rooftops, such as satellite and communications equipment, solar panels and
emergency lighting.
Vehicles are another area of concern. Vehicles are often in use and parked in uncovered areas, and
are constantly exposed to the weather, and would be at significant risk to hail events. While parking
garages for private vehicles are available, street and lot parking are the more popular options. Each
vehicle parked in the open is vulnerable to hail damage. Since 1950, five occurrences of hail have
resulted in at least $26,000 in damages to property in the City of Galveston, based on NCDC
records.40 This estimate is likely low, as it only includes reported damages, but is a useful as a point
of reference for the impact that a hail event can have on a City.
While it is possible that people could be injured by hail, this is a very rare occurrence, with no
occurrences recorded in the City.
Occurrences of the Hail Hazard
According to the NCDC, 112 hail events have been reported in Galveston County (the lowest unit for
which records are maintained) from 1950 to 2015. At least 12 of these occurrences were reported
on Galveston Island, resulting in a confirmed average recurrence rate of more than five years.
There was one reported occurrence of the hail hazard in the City of Galveston since the 2011 Plan; it
is accounted for in the statistics above.
Probability of Future Occurrences of the Hail Hazard
Based on historic occurrence (one event in Galveston every 5.42 years) and in consideration of the
scale provided at the beginning of this section, the probability of a future occurrence of the hail
event is low.

6.3.10

Hazardous Materials Incident (updated)

Description of the Hazardous Materials Incident Hazard
A hazardous material is a biological, chemical, or physical agent with the potential to cause harm to
the environment or people on its own or when combined with other factors or materials. For the
purposes of this mitigation plan, this hazard will include fixed site facilities, pipelines, and
transportation incidents.
Hazardous materials incidents are technological (meaning non‐natural hazards created or
influenced by humans) events that involve large‐scale accidental or intentional releases of chemical,
biological, or radiological (nuclear) materials.
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Pipeline incidents are typically incidents in which the pipeline is breached or fails. An estimated 2.2
million miles of pipelines carry hazardous materials throughout the US – more than 77,000 miles of
which is in Texas. Pipelines transport natural gas, crude or refined oils, fuels, and petrochemical
products. Some pipelines also transport liquefied gases, such as carbon dioxide.
Hazardous materials come in the form of explosives, flammable and combustible substances, toxic
releases and waste materials. These substances are most often released as a result of transportation
accidents or because of chemical accidents in plants. Hazardous materials in various forms can
cause death, serious injury, long‐lasting health effects, and damage to buildings, homes, and other
property. Many products containing hazardous chemicals are used and stored in homes routinely.
These products are also shipped daily on the nation's highways, railroads, waterways, and
pipelines.
Hazardous materials are monitored and recorded by the US Environmental Protection Agency (ESP)
through the Toxics Release Inventory (TRI), which is a publically accessible database that contains
information on toxic chemical releases and other hazardous materials activities. Data is reported
annually by certain industry groups and various federal agencies. This inventory was established
under the Emergency Planning and Community Right‐to‐Know Act of 1986 (EPCRA) and later
expanded by the Pollution Prevention Act of 1990.
Each year, facilities that meet specified thresholds must report their releases and other waste
management activities for listed toxic chemicals to the EPA and to their state or tribal entity. A
facility must report incidents that meet the following criteria:
1. The facility falls within one of the following industrial categories:
a. Manufacturing,
b. Metal mining,
c. Coal mining,
d. Electric generating facilities that combust coal and/or oil,
e. Chemical wholesale distributors,
f. Petroleum terminals and bulk storage facilities,
g. RCRA Subtitle C treatment, storage and disposal (TSD) facilities, and
h. Solvent recovery services;
2. Has 10 or more full‐time employees (or equivalent); and
3. Manufactures or processes more than 25,000 pounds or uses more than 10,000 pounds of
any listed chemical during the calendar year. Persistent, bioaccumulative and toxic (PBT)
chemicals are subject to different thresholds of 10 pounds, 100 pounds, or 0.1 grams,
depending on the chemical.
Tier 2 data is a publicly available database from the Texas Department of State Health Services Tier
2 Chemical Reporting Program. Under the community right‐to‐know regulations imposed at the
state and federal levels, all facilities that store significant quantities of hazardous chemicals must
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share this information with state and local emergency responders and planners. Facilities in Texas
share this information by filing annual hazardous chemical inventories with the state, Local
Emergency Planning Committees (LEPCs), and local fire departments. The Texas Tier 2 reports
contain facility identification information and detailed chemical data about the hazardous materials
stored at the facility.
A facility must report chemicals to the Tier 2 database if it meets the following criteria:
1. Any company using chemicals that could present a physical or health hazard, or
2. If an industry has an Occupational Safety and Health Administration (OSHA) deemed
chemical that exceeds the appropriate threshold at any point in time. These chemicals may
be on a list of 356 Extremely Hazardous Substances (EHS), or may be one of the 650,000
reportable hazardous substances that do not appear on the EHS list.
Hazardous materials pose a secondary event risk to communities when they are involved in
transportation accidents. Transport by ground, rail and sea is a common occurrence in the US.
Location of the Hazardous Materials Incident Hazard
Galveston is home to UTMB, which is both a major medical center and a research university. As
such, UTMB routinely handles significant quantities of hazardous materials. UTMB’s many clinics,
laboratories, and research facilities use a variety of hazardous materials. The handling and storage
of hazardous materials are addressed in the UTMB Safety Manual. The UTMB Safety Manual
instructs laboratories to develop an inventory of their chemicals.
UTMB manages its radiological waste in accordance with the Texas Radioactive Substances Rules.
UTMB developed a Radiation Safety Manual to address the handling and disposal of radioactive
material. All radioactive waste must be segregated and disposed of per guidelines in the Radiation
Safety Manual. Some radioactive wastes are released into the sanitary sewage system when allowed
under regulations in the UTMB policy Disposal of Hazardous Waste. Radioactive waste materials
that are soluble or dispersible in water can be released into the sanitary sewage system. Certain
materials listed in the Radiation Safety Manual are prohibited from sewage disposal because of
their chemical or biological nature.
Figure 6.3.10‐1 (following) shows the location of 51 fixed site hazardous material facilities in the
City. Note that all fixed site facilities are located on the east end of the island, excepting one
wastewater treatment facility.
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Map 6.3.10‐1
Hazardous Materials Facilities

Figure 6.3.10‐2 (following) shows the location of hazardous materials lines and pipelines in the City
of Galveston.
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Figure 6.3.10‐2
Location of Hazardous Materials Lines and Pipelines in Galveston

Extent/Severity of the Hazardous Materials Incident Hazard
The threat from the hazardous materials incident is to structures located along transmission lines
and transportation routes in the City. There are critical facilities located along these routes.
The severity of this hazard is a range. Minor incidents would likely cause no damage and little
disruption. Major incidents could have fatal and disastrous consequences. The severity of a
hazardous material release relates primarily to its impact on human safety and welfare and on the
threat to the environment.
Threat to Human Safety and Welfare
 Poisoning of water or food sources and/or supply
 Presence of toxic fumes or explosive conditions
 Damage to personal property
 Need for the evacuation of people
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Interference with public or commercial transportation

Threat to the environment
 Injury or loss of animals or plants or habitats that are of economic or ecological importance
such as; commercial, recreation, or subsistence fisheries (marine plants, crustaceans,
shellfish, aquaculture facilities) or livestock; seal haul outs; and marine bird rookeries
 Impact to ecological reserves, forests, parks, archaeological, and cultural sites
Galveston’s concentrated east end could increase the severity of any incident involving hazardous
materials. Hazardous materials could come into contact with more people and structures before
they were able to dissipate, which could increase the severity of the event in terms of exposure rates.
Depending on the hazardous materials involved, the location of the incident, and the weather
conditions at the time of the incident, Galveston could experience a routine incident or a devastating
incident involving hazardous materials.
Impact on Life and Property from the Hazardous Materials Incident Hazard
Hazardous materials incidents refer to uncontrollable releases of hazardous materials at a facility,
which poses a risk to the health, safety, property, and the environment. The most well‐known
example of a large‐scale fixed‐site hazardous materials incident is that which occurred at the Union
Carbide plant in Bhopal, India in 1984. This incident caused 2,500 deaths and injuries to many
others. More recently, in June 2010, 2 pipeline incidents in as many days killed 3 people and injured
3 others. Both incidents occurred in Texas.
Although incidences on the Bhopal scale are rare, smaller scale incidents–those requiring a
response and evacuation or other protective measures–are relatively common.
Depending on the severity of the incident, the potential impact to life and property is great in
Galveston. Incidents can cause multiple fatalities, completely shut down facilities (and the
surrounding area) for days or weeks, and cause extensive property and infrastructure damage.
Weather conditions can directly impact how a hazardous materials incident develops or can be the
initiator of the incident, as in the case of unprotected facilities inundated by storm surge. Non‐
compliance with fire and building codes can substantially increase damage from an incident, as the
containment features may not be up to standards.
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Occurrences of the Hazardous Materials Incident Hazard
The National Transportation Safety Board (NTSB) lists records of five NTSB‐investigated accidents
in or near the City of Galveston from 2011 to 2015. Of those, three were marine accidents and two
were aviation accidents.41 The documents related to each of these incidents makes note of hazardous
materials concerns, largely from fuel spills rather than cargo, in each of these incidents.
Table 6.3.10‐1 (below) lists occurrences of hazardous materials accidents in or near the City of
Galveston from 2000 – 2015, as recorded by the Pipeline and Hazardous Materials Safety
Administration.42
Table 6.3.10‐1
Hazardous Materials Incidents – 2000‐2015
Hazardous Materials Incidents in Galveston, 2000‐2015
Incident Date
Mode of Transportation
Carrier
April 11, 2000
Highway
DSI Transports, Inc.
April 11, 2000
Highway
DSI Transports, Inc.
February 4, 2001
Highway
DSI Transports, Inc.
Trimac Transportation South,
October 26, 2001
Highway
Inc.
December 17,
Highway
CTL Distribution, Inc.
2001
April 9, 2002
Rail
Dothan BNSF, Inc.
October 08, 2002
Rail
Dothan BNSF, Inc.
July 6, 2004
Highway
CTL Distribution, Inc.
April 12, 2005
Rail
Dothan BNSF, Inc.
June 04, 2005
Rail
Dothan BNSF, Inc.
November 22,
Rail
Ineos USA, LLC
2006
December 12,
Rail
BNSF Railway Company
2007
January 30, 2008
Rail
Oxea Corporation
November 2, 2009
Rail
Praxair, Inc.
January 31, 2010
Rail
BNSF Railway Company
August 10, 2010
Rail
BNSF Railway Company
January 7, 2012
Rail
Texas International Terminals
Union Pacific Railroad
March 16, 2012
Rail
Company, Inc.
December 8, 2014
Highway
CTL Distribution, Inc.

Damages
$0
$50
$0
$0
$2,700
$800
$905
$850
$1,605
$1,181
$2,501
$5,610
$800
$0
$965
$703
$156,000
$2,112
$7,500

Probability of Future Occurrences of the Hazardous Materials Incident Hazard
Occurrences of the hazardous materials incident hazard are often dependent on external factors.
An incident can be caused intentionally or accidentally, and may or may not involve human action.
Major disaster events can be a major cause, as inundation by flood water or damage from high
winds may result in a hazardous materials release. This is usually caused or exacerbated by damage
to infrastructure, such as water supply/distribution and waste water treatment facilities.
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It is almost impossible to predict the statistical probability of future occurrences of the hazardous
materials incident hazard, as there are simply too many variables, including human behavior.
However, the number of possible points of origin for such an incident must be considered, and the
data suggests that the City experiences at least one hazardous materials incident annually.
Therefore, the probability of future occurrence is high.

6.3.11

Lightning (updated)

Description of the Lightning Hazard
Lightning is an atmospheric discharge of electricity accompanied by thunder, which typically occurs
during thunderstorms, and sometimes during volcanic eruptions or dust storms. In the atmospheric
electrical discharge, a leader of a bolt of lightning can travel at speeds of 130,000 MPH, and can
reach temperatures approaching 54,000 °F, hot enough to fuse silica sand into glass. There are
some 16 million lightning storms in the world every year.
Lightning can also occur within the ash clouds from volcanic eruptions, or can be caused by violent
forest fires which generate sufficient dust to create a static charge.
Lightning rapidly heats the air in its immediate vicinity to about 36,000 °F ‐ about three times the
temperature of the surface of the sun. This compresses the surrounding air and creates a
supersonic shock wave, which decays to an acoustic wave that is heard as thunder.
How lightning initially forms is still a matter of debate: Scientists have studied root causes ranging
from atmospheric conditions (wind, humidity, friction, and atmospheric pressure) to the impact of
solar wind and accumulation of charged solar particles. Ice inside a cloud is thought to be a key
element in lightning development, and may cause a forcible separation of positive and negative
charges within the cloud, thus assisting in the formation of lightning.
Some lightning strikes exhibit particular characteristics; scientists and the general public have
given names to these various types of lightning. The lightning that is most‐commonly observed is
streak lightning. This is nothing more than the return stroke, the visible part of the lightning stroke.
Most lightning occurs inside a cloud and is not observed during a thunderstorm.
The following are descriptions of various terms used to describe lightning, both scientific and
common usage:



Cloud‐to‐Ground Lightning. This is the best known and second most common type of
lightning. Of all the different types of lightning, it poses the greatest threat to life and
property since it strikes the ground. Cloud‐to‐ground lightning is a lightning discharge
between a cumulonimbus cloud and the ground. It is initiated by a leader stroke moving
down from the cloud.
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Bead Lightning. Bead lightning is a type of cloud‐to‐ground lightning which appears to
break up into a string of short, bright sections, which last longer than the usual discharge
channel. It is relatively rare. Several theories have been proposed to explain it; one is that
the observer sees portions of the lightning channel end on, and that these portions appear
especially bright. Another is that, in bead lightning, the width of the lightning channel
varies; as the lightning channel cools and fades, the wider sections cool more slowly and
remain visible longer, appearing as a string of beads.
Ribbon Lightning. Ribbon lightning occurs in thunderstorms with high cross winds and
multiple return strokes. The wind will blow each successive return stroke slightly to one
side of the previous return stroke, causing a ribbon effect.
Staccato Lightning. Staccato lightning is a cloud to ground lightning strike which is a
short‐duration stroke that appears as a single very bright flash and often has considerable
branching.
Ground‐to‐Cloud Lightning. Ground‐to‐cloud lightning is a lightning discharge between
the ground and a cumulonimbus cloud initiated by an upward‐moving leader stroke. It is
much rarer than cloud‐to‐ground lightning. This type of lightning forms when negatively
charged ions called the stepped leader rises from the ground and meets the positively
charged ions in a cumulonimbus cloud. Then the strike goes back to the ground as the
return stroke.
Cloud‐to‐Cloud Lightning. Lightning discharges may occur between areas of cloud
without contacting the ground. When it occurs between two separate clouds it is known as
inter‐cloud lightning and when it occurs between areas of differing electric potential within
a single cloud, it is known as intra‐cloud lightning. Intra‐cloud lightning is the most
frequently occurring type.
Heat Lightning. Heat lightning is a common name for a lightning flash that appears to
produce no thunder because it occurs too far away for the thunder to be heard. The sound
waves dissipate before they reach the observer.
Dry Lightning. Dry lightning is a term used for lightning that occurs with no precipitation
at the surface. This type of lightning is the most common natural cause of wildfires.
Pyrocumulus clouds produce lightning for the same reason that it is produced by
cumulonimbus clouds. When the higher levels of the atmosphere are cooler, and the surface
is warmed to extreme temperatures due to a wildfire, volcano, etc., convection will occur,
and the convection produces lightning. Therefore, fire can beget dry lightning through the
development of more dry thunderstorms which cause more fires.

Location of the Lightning Hazard
Lightning is a non‐spatial hazard, and has the potential to affect the entire planning area
equally. The entire City, which is about 209 miles², is at risk from or exposed to the

lightning hazard.
Extent/Severity of the Lightning Hazard
The National Weather Service (NWS) uses a Lightning Activity Level scale to indicate the frequency
and character of cloud‐to‐ground (C/G) lightning, the most common form of lightning on Earth. The
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scale uses a range of 1 – 6, with 6 being the high end of the scale. Table 6.3.11‐1 (following) provides
this severity scale.43
Table 6.3.11‐1
Lightning Activity Level
Rank
1

2

3

4

5

6

Lightning Activity Level Scale
Cloud and Storm
Areal
Counts C/G per Counts C/G per
Development
Coverage
5 Minutes
15 Minutes
No Thunderstorms
None
None
None
Cumulus clouds are
common but only a few
reach the towering stage. A
single thunderstorm must
be confirmed in the rating
<15%
1‐5
1‐8
area. The clouds mostly
produce virga but light rain
will occasionally reach
ground. Lightning is very
infrequent.
Cumulus clouds are
common. Swelling and
towering cumulus cover less
than 2/10 of the
sky. Thunderstorms are
15% to
6‐10
9‐15
few, but 2 to 3 occur within
24%
the observation area. Light
to moderate rain will reach
the ground, and lightning is
infrequent.
Swelling cumulus and
towering cumulus cover 2‐
3/10 of the
sky. Thunderstorms are
25% to
scattered but more than
11‐15
16‐25
50%
three must occur within the
observation area. Moderate
rain is commonly produced,
and lightning is frequent.
Towering cumulus and
thunderstorms are
numerous. They cover
more than 3/10 and
>50%
>15
>25
occasionally obscure the
sky. Rain is moderate to
heavy, and lightning is
frequent and intense.
Dry lightning
outbreak. (LAL of 3 or
greater with majority of
>15%
None
None
storms producing little or
no rainfall.)
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Galveston frequently experiences moderate to severe lighting, because of its relative location in a
sub‐tropical climate. It is possible that all areas within the City of Galveston could experience the
entire extent of the lightning hazard, as defined in the above table, though the mid‐range of the scale
is a more frequent occurrence, based on historical records and anecdotal accounts.
Impact on Life and Property from the Lightning Hazard
Lightning is the leading cause of weather‐related personal injuries. Perhaps because lightning is a
common weather phenomenon, most people do not take the associated risks of exposure to
lightning as seriously as they should.
Lightning is a major cause of storm related deaths in the US, out pacing hurricanes and tornados in
most years. A lightning strike can result in a cardiac arrest (heart stopping) at the time of the injury,
although some victims may appear to have a delayed death a few days later if they are resuscitated
but have suffered irreversible brain damage. Those struck by lightning report a variety of after
effects, including:











Fatigue
Brain and nervous system damage
Headaches
Ringing in the ears
Dizziness
Nausea and vomiting
Sleep difficulties
Seizures
Chronic pain
Personality changes, likely due to frontal lobe damage

Lightning is response for at least three fatalities in Galveston (1997, 1999, & 2006).
In addition to the impact lightning can have on people, lightning can have significant impact on
property, including utility infrastructure, such as lift stations and electrical sub‐stations. The
introduction of a significate electrical charge can destroy an electrical system that supplies power
to buildings on the island, damaging or destroying anything connected to the electrical system of
the building.
Lightning is the leading natural cause of wildfires, and can lead to structure fires as well. The
historic structures and districts in the City are particularly vulnerable, as they are primarily wood‐
frame construction and are often closer together than modern residences. Lightning has been the
cause of several structure fires in the City in the past (1997, 2006, & 2010).
In addition to direct losses such as property damage to buildings, a lightning strike may result in
indirect losses that often accompany the destruction or damage of buildings and their contents. For
example, municipalities rely upon the integrity of their structures as they provide services to their
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communities. A stroke of lightning to an unprotected building that house the police or fire station
may result in an interruption of vital services to the community. The consequences of such an
interruption can range from the public's loss of confidence to a citizen's death when a department
is unable to respond to an emergency call.
Occurrences of the Lightning Hazard
As a barrier island in a sub‐tropical climate, Galveston is frequently subject to lightning. While no
major assets have been damaged by lightning, this is likely due to the lightning protection systems in
place to protect city‐owned assets. The NCDC has recorded five occurrences of lightning in the City
since 1996; these incidents resulted in three fatalities and $370,000 in property damage. Local
reports, however, place the number of occurrences of lightning significantly higher, particularly in
the summer months, when it is an almost‐daily occurrence. There have been no new occurrences of
the lightning hazard since the 2011 Plan update, according to the NCDC.
Probability of Future Occurrences of the Lightning Hazard
Based on the historical frequency of occurrence of lightning, and in consideration of the scale
provided at the beginning of this section, the probability of future occurrence of the lightning hazard
is high.

6.3.12

Sea Level Change (updated)

Description of the Sea Level Change Hazard
For purposes of this mitigation plan, sea level change is defined as changes in the height of the sea
in relation to the height of the land, and is considered a separate, yet inextricably related, hazard
from coastal erosion, retreat and subsidence.
Local mean sea level (MSL) is defined as the height of the sea with respect to a land benchmark,
averaged over a period (such as a month or a year) long enough that fluctuations caused by waves
and tides are smoothed out. One must adjust perceived changes in MSL to account for vertical
movements of the land, which can be of the same order (millimeters/year) as sea level changes.
Some land movements occur because of isostatic adjustment of the mantle to the melting of ice
sheets at the end of the last ice age. The weight of the ice sheet depresses the underlying land, and
when the ice melts away the land slowly rebounds. Atmospheric pressure, ocean currents and local
ocean temperature changes also can affect MSL.
Eustatic change (as opposed to local change) results in an alteration to the global sea levels, such as
changes in the volume of water in the world oceans or changes in the volume of an ocean basin.
Submergence refers to permanent flooding of the coast caused by a rise in global sea level and/or
subsidence of the land. At many coastal sites, submergence is the most important factor responsible
for land loss. How much land will be lost because of sea‐level rise depends partly on how fast the
water is rising. It has been estimated that each year global sea level rises about 1.8 mm (.07 inches)
because of a worldwide increase in water volume. However, this value is substantially less than the
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total rise in relative sea level recorded at many tide gauges, so scientists have concluded that the
remaining amount of relative sea‐level rise is caused by land subsidence. At any coastal site the
relative sea level includes the global sea‐level component (eustasy), tectonic uplift or down
warping, and at some locations subsidence that is the result of natural sediment compaction or
subsidence induced by the withdrawal of subsurface fluids such as groundwater, oil, and natural
gas. Land loss can also occur in those coastal areas that are experiencing uplift (relative fall in sea
level) such as along the Pacific coast and parts of Alaska (e.g. Juneau). This is because storm surges
and high waves continue to cause land loss.
Not only is sea level rising in a relative sense at many coastal sites, statistical analyses of long‐term
records show that the present rates of relative sea‐level rise are much greater than rates of
submergence were for the past few thousand years. This discrepancy between historical and
geological rates of submergence has been interpreted as evidence that atmospheric warming since
the industrial revolution has caused thermal expansion of the oceans and melting of mountain
glaciers and possibly the Antarctic ice sheet.
Location of the Sea Level Change Hazard
Changes in local sea level have the potential to occur anywhere in the world where the land meets
the ocean. As a barrier island, the entirety of Galveston could be subject to the sea level change
hazard.
The figure below (6.3.12‐1) provides estimates of sea level rise based on measurements from
satellite radar altimeters. The local trends were estimated using data from TOPEX/Poseidon (T/P),
Jason‐1, and Jason‐2, which have monitored the same ground track since 1992. Altimetry data are
provided by the NOAA Laboratory for Satellite Altimetry.44
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Figure 6.3.12‐1
Sea Level Change, in millimeters per year, 1993‐2016

As indicated by the color coding on the above map, the upper Texas Coast has experienced sea
level changes of approximately four millimeters since 1993. The approximate location of the
City of Galveston has been indicated in the figure above. The entire City, which is about 209

miles², is at risk from or exposed to sea level change.
Extent/Severity of the Sea Level Change Hazard
Per the USGS, global sea level and the Earth's climate are closely linked. The Earth's climate has
warmed about 1°C (1.8°F) during the last 100 years. As the climate has warmed following the end
of a recent cold period known as the "Little Ice Age" in the 19th century, sea level has been rising
about 1 to 2 millimeters (.03 to .06 inches) per year due to the reduction in volume of ice caps, ice
fields, and mountain glaciers in addition to the thermal expansion of ocean water. If present trends
continue, including an increase in global temperatures caused by increased greenhouse‐gas
emissions, many of the world's mountain glaciers will disappear. For example, at the current rate of
melting, all glaciers will be gone from Glacier National Park, Montana, by the middle of the next
century. In Iceland, about 11 percent of the island is covered by glaciers (mostly ice caps). If
warming continues, Iceland's glaciers will decrease by 40 percent by 2100 and virtually disappear
by 2200.
Most of the current global land ice mass is in the Antarctic and Greenland ice sheets. Complete
melting of these ice sheets could lead to a sea‐level rise of about 80 meters (262 feet), whereas
melting of all other glaciers could lead to a sea‐level rise of only one‐half meter (1.64 feet). Table
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6.3.12‐1 (below) illustrates the estimated potential maximum seal level rise from the total melting
of present‐day glaciers.45
Table 6.3.12‐1
Estimated Potential Maximum Sea Level Rise from Melting of All Present‐Day Glaciers
Estimated Potential Sea Level Rise from Melting of All Present‐Day Glaciers
Estimated Sea Level Rise
Location
Estimated Volume (km3)
(meters)
East Antarctic Ice Sheet
26,039,200
64.80
West Antarctic Ice Sheet
3,262,000
8.06
Antarctic Peninsula
227,100
.46
Greenland
2,620,000
6.55
All other ice caps, ice fields, and
180,000
.45
valley glaciers
Totals:
32,328,300
80.32

A July 2011 report of the Coastal Coordination Council, prepared for the Texas General Land Office,
studied sea level rise rates along the Texas Gulf Coast, including Galveston Island. The report states
the following:
The most recent relative sea‐level rise rates from selected Texas tide gauges ranges from
1.93 to 6.84 mm/yr. These rates were calculated by the National Oceanic and Atmospheric
Administration through 2006 from periods of record that begin between 1908 (Galveston
Pier 21) and 1963 (Port Mansfield). The highest rates (above 5 mm/yr) are calculated for
upper and central Texas coast tide gauges at Galveston (Pier 21 and Pleasure Pier), Sabine
Pass, and Rockport. The lowest rate (1.93 mm/yr) is calculated for Port Mansfield, which
also has the shortest record. The remaining gauges (Port Isabel, north Padre Island, and
Freeport) have rates between 3.48 to 4.35 mm/yr.
Galveston Pier 21 has the longest period of record. Long‐term rates of sea‐level rise
calculated from monthly averages of sea level between April 1908 and April 2011 are 6.31
mm/yr, similar to the NOAA‐calculated rate through 2006. Sea‐level rise at this gauge has
not been constant; calculations of average rate of change over a rolling 19‐year window
(centered on the mid‐date) show multiyear oscillations in average rate that range from 1.0 to
13.3 mm/yr. 46
For a 99‐year period beginning in 1908, the rate of sea level rise at Pier 21 (on the Galveston Bay
side of the island) was measures at 6.39 mm/yr, on average. For the Gulf‐facing side of the Island, a
50‐year period beginning in 1957 showed a rise rate of 6.84 mm/yr.
As sea level rise is typically a slow‐developing hazard, this calculation serves as the extent of the
hazard now.
Impact on Life and Property from the Sea Level Change Hazard
Reports, studies and data from the international scientific community seem to indicate that current
and future sea level changes could be expected to have several impacts, particularly on coastal
systems. Such impacts may include
July 27, 2017 – Page 6‐68

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking










increased coastal erosion;
higher storm‐surge flooding;
more extensive coastal inundation;
changes in surface water quality and groundwater characteristics;
increased loss of property and coastal habitats;
increased flood risk and potential loss of life;
loss of cultural resources and values;
impacts on agriculture and aquaculture through decline in soil and water quality; and
loss of tourism, recreation, and transportation functions.

There is an implication that many of these impacts will be detrimental—especially for the three‐
quarters of the world's poor who depend on agriculture systems. However, owing to the great
diversity of coastal environments; regional and local differences in projected relative sea level and
climate changes; and differences in the resilience and adaptive capacity of ecosystems, sectors, and
countries, the impacts will be highly variable in time and space.
In Galveston, sea level rise has slow‐moving implications for the entire planning area. Galveston has
a wide array of infrastructure, including water and sewer lines and vital roadways, which run
parallel to the coast, and would be at risk of inundation if the water in the Gulf of Mexico continues
to rise at its current rate. In addition, there are at least 25 residential structures that are seaward of
the 200‐foot line, and are likely to be affected by sea level rise sooner than others.
Occurrences of the Sea Level Change Hazard
Regardless of its cause, coastal submergence contributes to land loss in several ways. The most
easily recognized effects of submergence are land losses caused by permanent flooding. The passive
inundation of the shore typically expands estuaries, lakes, and lagoons at the expense of adjacent
uplands and wetlands. The slope of the land surface and rate of sea level rise control the extent of
permanent flooding. Steep slopes and low rates of sea‐level rise produce negligible flooding,
whereas low slopes and rapid rates of sea‐level rise inundate such vast areas so rapidly that the
submergence can be detected in a few decades. Rapid coastal submergence has been documented at
Baytown, Texas near Houston and on the Mississippi Delta. Subsiding land areas experience greater
and more prolonged flooding by salt water associated with storms. This means that storm surges of
historical record would inundate larger areas if similar storms were to occur today. Eventually the
repeated inundation by saltwater expands the flood zones and alters the predominant wetland
plant assemblages. This occurs because salinities within the wetlands and estuaries increase, as
they are permanently flooded. In many coastal regions the inundation of salt water actually
accelerates wetland losses because both fresh‐water and salt‐water marshes are destroyed faster
than new wetlands are created. The intolerant fresh‐water marshes are killed by salt‐water,
whereas the salt‐water marshes are drowned and converted to open water.
Submergence also accelerates coastal erosion because it facilitates greater inland penetration of
storm waves. An example is retreat of the bluffs at Calvert, Maryland on the Chesapeake Bay.
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Because of submergence, some bluffs that were not previously reached by storm waves are
subjected to erosion. In addition to accelerated land loss, coastal submergence causes intrusion of
salt‐water into coastal aquifers and into the rivers that empty into the estuaries. Submergence also
changes surface drainage patterns, raises groundwater levels, and causes areas even above sea
level to pond water and to be poorly drained. Around Pamlico Sound, North Carolina, dead trees are
an indication of rising freshwater levels caused by the relative rise in sea level.
As a barrier island, Galveston is subject to the effects of seal level rise. Sea level rise is a large scale,
global hazard. The data that is available is on a large scale rather than on a local level. For example,
NOAA tracks changes in sea level by body of water, such as the Caribbean Sea or the Gulf of Mexico.
Therefore, all occurrence data that is available for this hazard as it relates to Galveston is at the
level of the Gulf of Mexico. The image below indicates the change in sea level rise in the Gulf of
Mexico from 1992 through 2016, which is the most recent data available from NOAA. This data
indicates an increase in sea level in the Gulf of Mexico – including the coasts of Galveston ‐ of 3.3
mm per year (+/‐ 4 mm per year).
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Figure 6.3.12.2
Mean Sea Level – Gulf of Mexico

Sea level rise is occurring, and will be an on‐going hazard to the City. Currently, the impact of sea
level rise to Galveston is minimal. It is anticipated, as the sea level continues to rise, that this will
change in the next decade or two, and that the impact to Galveston will increase as time goes on.
Probability of Future Occurrences of the Sea Level Change Hazard
Predicting the fate of our shorelines and coastal ecosystems is confounded by the diverse set of
environmental forces and gradients that differ for each physical and biological setting. Areas along
the Gulf Coast, for example, share the Gulf of Mexico but have different tidal regimes, energies and
amplitudes, as well as different ecosystems, tropical and temperate. The frequency, periodicity, and
intensity of tropical storm landfalls likewise varies across the Gulf basin. The degrees of coastal
development and protections that have been applied by state and county as dictated by population,
port facilities, or other priorities also differ.
Given that sea levels are in constant flux, and that Galveston is prone to both coastal erosion and
subsidence, the probability of future occurrence of the sea level change hazard is high. While this
hazard is slow developing, it is nevertheless constant in its happening.
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6.3.13

Severe Winter Storm

Description of the Severe Winter Storm Hazard
Winter storms are uncommon in the planning area, but they do occasionally happen. In some
cases, these winter storms can and have caused serious damage in areas where they occur.
Severe winter storms can encompass a variety of hazards that can produce life threatening
situations and damage to property, as detailed below.
Snow
The National Weather Service defines snow as “precipitation is the form of ice crystals,
mainly of intricately branched, hexagonal form and often agglomerated into snowflakes,
formed directly from the freezing [disposition] of the water vapor in the air.”
Heavy snow accumulations, generally more than 6” of snow in less than 24 hours or more
than 4” in less than 12 hours, can immobilize a community by bringing transportation to a
halt. Until the snow can be removed, transportation routes are slowed or closed completely,
limiting or halting the transportation of goods, services, and people. These closures also
disrupt emergency services. In addition, accumulations of snow on roofs can cause collapse,
and can cause trees and power lines to fall. A quick thaw after a significant snowfall can lead
to substantial flooding, particularly in urban areas where there is more impermeable
surface. Injuries and fatalities related to heavy snow are often associated with physical
exertion (from shoveling) and from hypothermia.
Ice
Ice is the sold form of water, produced by freezing temperatures. The National Weather
Service defines an ice storm as “occasions when damaging accumulations of ice are
expected during freezing rain situations. Significant accumulations of ice pull down tress
and utility lines, resulting in loss of power and communication. These accumulations of ice
make walking and driving extremely dangerous. Significant ice accumulations are usually
accumulations of ¼ inch or greater.”
The term “ice storm” is used to describe occasions when damaging accumulations of ice are
expected during freezing rain situations. Ice storms can be the most damaging of winter
phenomena, and are often the cause of automobile accidents, utility failures, personal
injury, and death. Moreover, they significantly impact the delivery of emergency services.
Location of the Severe Winter Storm Hazard
Severe winter storms are non‐spatial hazards. All locations in the planning area at risk from severe
winter storms.
Extent/Severity of the Severe Winter Storm Hazard
Severe winter storms have a wide range of extent and severity markers and characteristics.
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Snow
Various intensities of snowfall are defined differently:







Blizzard describes winds of 35 mph or more with considerable falling and/or
blowing snow that reduces visibility to less than one‐quarter mile for at least three
hours.
Blowing snow describes wind‐driven snow that reduces surface visibility. Blowing
snow may be falling snow and/or snow on the ground that is picked up by the wind.
Blowing snow if typically accompanied by drifting snow.
Snow squall describes a brief, intense snow shower accompanied by strong, gusty
winds. Accumulation from snow squalls can be significant.
Snow shower describes snow that falls at varying intensities for short durations.
Accumulations are possible, but not required.

Blizzard warnings are issued for winter storms that are predicted to meet the definition of a
blizzard. Blowing snow advisories are issued when such conditions are expected. Snow
advisories are issued when a low‐pressure system produces snow that may cause
significant inconveniences, but do not meet warning criteria, and – if caution is not
exercised – could lead to life threatening situations. The threshold criterion carries from
area to area. Such an advisory may be issued if the forecaster feels the situation warrants
one, even if the minimum criteria is not expected to be met. For example, a snow advisory
may be issued for the first snow of the season, or if snow has not fallen in some time.
Ice
Ice presents a hazard in a variety of forms:







Ice storm is an occasion when damaging accumulations of ice during freezing rain
situations. Significant amounts of ice typically damage trees and utility lines, and
accumulations can make walking and driving exceptionally hazardous. Significant
accumulations are typically one‐quarter inch or greater.
Sleet is rain that freezes into ice pellets before it reaches the ground. Sleet usually
bounces when hitting a surface and does not stick to objects; however, it can
accumulate like snow and cause roads and walkways to become hazardous.
Freezing drizzle is a drizzle that falls as a liquid but freezes into a glaze upon
contact with the cold ground or surface structures.
Freezing rain is rain that falls onto a surface that has a temperature below freezing.
The cold surface causes the rain to freeze so the surfaces—trees, utility wires,
vehicles, and roads—become glazed with ice.

An ice storm warning is issued by the National Weather Service when freezing rain
produces a significant and possibly damaging accumulation of ice. The criteria for this
warning varies from place to place, but will typically be issued any time more than one‐
quarter inch of ice is expected to accumulate in a given area.
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A sleet warning is issued when an accumulation of more than one‐half inch of sleet is
expected. This is a relatively rare scenario; most warnings are issued as winter storm
warnings for heavy sleet.
A freezing drizzle advisory or a freezing rain advisory is issued when freezing rain or
freezing drizzle is forecast but significant accumulation is not expected. However, even
small amounts of freezing rain or freezing drizzle can cause significant travel
disruptions.
Finally, the National Weather Service may issue a winter weather advisory when a low‐pressure
system produces a combination of winter weather (snow, freezing rain, etc.) that present a hazard
but does not meet established warning criteria. A winter storm watch is issued when there is a
potential for heavy snow or significant ice accumulations, usually at least 24‐36 hours in advance;
the criteria for what defines a winter storm varies from place to place. A winter storm warning is
issued when a winter storm is actively producing or is forecast to produce heavy snow or
significant ice accumulations; the criteria for what defines a winter storm varies from place to
place.
Severe winter weather is a rare occurrence in Galveston. Because of this, when it does occur, it does
not take a great deal of accumulation to have a significant impact on the City. NCDC has recorded
three incidents of severe winter weather since 1997. In the first – an ice storm – no details were
recorded regarding accumulation or duration, though the records do indicate that approximately
1,100 traffic accidents occurred, that there were three fatalities attributed to the incident, and that
the incident caused approximately $800,000 in damages. Later storms did have accumulations
recorded. On Christmas Eve 2004, approximately one inch of snow fell in Galveston, resulting in the
City’s only White Christmas. In 2011, an ice storm coated the City with between one tenth and two
tenths of an inch of ice. These events show the extent of the severe winter storm hazard hat the City
can expect to experience.
Impact on Life and Property from the Severe Winter Storm Hazard
According to the National Severe Storms Laboratory (NSSL), most deaths from winter storms are
not related to the storm itself. Rather, they are related to traffic accidents, heart attacks (from
shoveling snow), and hypothermia (from prolonged exposure to cold).
Heavy accumulations of ice can bring down trees and topple utility poles and communication
towers. Ice can disrupt communications and power for days while utility companies repair damage.
Even small accumulations of ice can be severely dangerous to motorists and pedestrians. Bridges
and overpasses are particularly dangerous because they freeze before other surfaces.
Severe winter weather can bring the City of Galveston to a standstill by inhibiting outdoor activities,
knocking down trees and utility lines, and by inhibiting transportation routes.
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In addition to the threat posed to humans, severe winter storms pose a significant threat to utility
production, which in turn threatens facilities and operations that rely on utilities, specifically climate
stabilization. As temperatures drop and stay low, increased demand for heating places a strain on
the electrical grid, which can lead to temporary outages.
Occurrences of the Severe Winter Storm Hazard
NCDC has recorded three winter storm events in Galveston since 1997. Two events were ice storms;
the other was heavy snow. The most notable of these events – the heavy snow event – occurred on
Christmas Eve in 2004. For the first time in recorded history, much of Southeast Texas experienced a
white Christmas. NCDC reported the following description:
An arctic cold front had pushed across Southeast Texas on Wednesday (December 22nd) dropping
temperatures below freezing, so plenty of cold air was in place Christmas Eve when the snow began.
What made this event unusual was not just the cold air being in place, but the depth of the cold air that
was in place over the area. Before the heavy snow began on the night of Christmas Eve, the entire
depth of the atmosphere over Southeast Texas was below freezing. Normally when winter weather
events occur in Southeast Texas, the depth of the cold air is much shallower, resulting in ice (freezing
rain or sleet) being a lot more common than snow.
The morning of Christmas Eve, a strong upper level low was evident on satellite across northern
Mexico. Ahead of this system, some snow began across Southeast Texas, but the dry atmosphere kept
the snowfall light during the day, resulting in only trace amounts or a light dusting through late
afternoon. Eventually, the atmosphere moistened up by late in the day as the upper level low
approached from the west.
The upper low moved across South Texas during the nighttime hours Christmas Eve, resulting in a
band of heavy snowfall just north of the track of the system. The band of heaviest snowfall, about 20
miles wide, was centered from Victoria to Edna to Bay City to Lake Jackson. In this area, approximately
9 to 12 inches of snow fell. All areas south of a line from around Garwood to Needville to Friendswood
to Texas City saw at least 3 inches of snow, with 4 inches falling on Galveston Island and 6 inches
reported in Angleton and Alvin. North of this area, the snowfall totals dropped off rapidly. Snowfall
totals of around an inch occurred in Clear Lake and Missouri City, with accumulations in Houston
generally ranging from a dusting to around an inch. The heavier snowfall occurred over the coastal
counties south of Houston because this area had more moisture in the atmosphere (being closer to the
Gulf), and was also closer to the track of the upper level low. As you headed north and got north of
Interstate 10, the atmosphere was too dry to support much more than just a few flurries.47

There have been no new occurrences of the severe winter storm hazard since the 2011 Plan.
Probability of Future Occurrences of the Severe Winter Storm Hazard
Based on the frequency of recorded events (every 6 years, on average), and using the scale
provided at the beginning of this section, the probability of a future occurrence is low.
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6.3.14

Tsunami (updated)

Description of the Tsunami Hazard
A tsunami is a series of water waves (called a tsunami wave train) caused by the displacement of a
large volume of a body of water, such as an ocean or a large lake. Due to the immense volumes of
water and energy involved, tsunamis can devastate coastal regions. Casualties can be high because
the waves move faster than humans can run.
Earthquakes, volcanic eruptions and other underwater explosions (detonations of nuclear devices
at sea), landslides and other mass movements, bolide impacts, and other disturbances above or
below water all have the potential to generate a tsunami. From the area of the disturbance, tsunami
waves travel outwards in all directions. They can cause damage to coastal areas hundreds or
thousands of miles from their point of origin.
Some meteorological conditions, such as deep depressions that cause tropical cyclones, can
generate a storm surge, called a meteotsunami, which can raise tides several feet above normal
levels. The displacement comes from low atmospheric pressure within the centre of the depression.
As these storm surges reach shore, they may resemble (though are not) tsunamis, inundating vast
areas of land. Such a storm surge inundated Myanmar in May 2008.
In the open ocean, tsunami waves travel at speeds of up to 600 MPH. They are not visible to
humans, however, as they are hidden by the deep water that they travel in. The time lapse between
wave crests typically ranges from 5 to 90 minutes. As the tsunami wave approaches shallow coastal
waters, the wave slows down. The wave height becomes noticeable once it moves into shallower
waters. Waves can, without warning, rise to several feet – in some cases, tens of feet. Although the
waves do slow down when they encounter shallow waters, this reduction in speed is negligible,
considering that a 100‐foot wave has been traveling at up to 600 MPH across the open ocean. A
tsunami can throw a series of waves more than 100’ in height into the shore. The waves typically
occur in sets, and the first wave is almost never the largest. Successive waves may continue to
arrive for many hours after the initial arrival.
Location of the Tsunami Hazard
Coastal areas at greatest risk from tsunamis are those less than 50’ above mean sea level, and those
within 1 mile of the shore. As the City of Galveston is far below 50’ MSL, the entire City is within the
potential hazard area.
Extent/Severity of the Tsunami Hazard
The severity of a tsunami can be measured using the Papadopoulos/Imamura Tsunami Scale. This
12‐point scale of tsunami intensity was proposed in 2001 by Gerassimos Papadopoulos and
Fumihiko Imamura. The tsunami scale is arranged according to a tsunami's effects on humans (a),
effects on objects including boats (b), and damage to buildings (c). The scale is presented in Table
6.3.14‐1 (following).48
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Table 6.3.14‐1
Papdopoulos/Imamura Tsunami Intensity Scale
Papadopoulos/Imamura Tsunami Scale
Level

Damage

I

Not felt

Wave Height
(in meters)
‐‐

II

Scarcely felt

‐‐

III

Weak

‐‐

IV

Largely Observed

‐‐

V

Strong

1 meter

VI

Slightly damaging

2 meters

VII

Damaging

3 meters

VIII

Heavily damaging

4 meters

IX

Destructive

8 meters

Description
‐‐
a. Felt by few people onboard small vessels. Not observed on
the coast.
a. Felt by most people onboard small vessels. Observed by a
few people on the coast.
a. Felt by all onboard small vessels and by few people onboard
large vessels. Observed by most people on the coast.
b. Few small vessels move slightly onshore.
a. Felt by all onboard large vessels and observed by all on the
coast. Few people are frightened and run to higher ground.
b. Many small vessels move strongly onshore, few of them
crash into each other or overturn. Traces of sand layer are left
behind on ground with favorable circumstances. Limited
flooding of cultivated land.
c. Limited flooding of outdoor facilities (such as gardens) of
near‐shore structures.
a. Many people are frightened and run to higher ground.
b. Most small vessels move violently onshore, crash strongly
into each other, or overturn.
c. Damage and flooding in a few wooden structures. Most
masonry buildings withstand.
a. Many people are frightened and try to run to higher ground.
b. Many small vessels damaged. Few large vessels oscillate
violently. Objects of variable size and stability overturn and
drift. Sand layer and accumulations of pebbles are left behind.
Few aquaculture rafts washed away.
c. Many wooden structures damaged, few are demolished or
washed away. Damage of grade 1 and flooding in a few
masonry buildings.
a. All people escape to higher ground, a few are washed away.
b. Most of the small vessels are damaged, many are washed
away. Few large vessels are moved ashore or crash into each
other. Big objects are drifted away. Erosion and littering of the
beach. Extensive flooding. Slight damage in tsunami‐control
forests and stop drifts. Many aquaculture rafts washed away,
few partially damaged.
c. Most wooden structures are washed away or demolished.
Damage of grade 2 in a few masonry buildings. Most
reinforced‐concrete buildings sustain damage, in a few
damages of grade 1 and flooding is observed.
a. Many people are washed away.
b. Most small vessels are destroyed or washed away. Many
large vessels are moved violently ashore, few are destroyed.
Extensive erosion and littering of the beach. Local ground
subsidence. Partial destruction in tsunami‐control forests and
stop drifts. Most aquaculture rafts washed away, many
partially damaged.
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Papadopoulos/Imamura Tsunami Scale
Level

Damage

Wave Height
(in meters)

X

Very destructive

12 meters

XI

Devastating

16 meters

XII

Completely
devastating

32 meters

Description
c. Damage of grade 3 in many masonry buildings, few
reinforced‐concrete buildings suffer from damage grade 2.
a. General panic. Most people are washed away.
b. Most large vessels are moved violently ashore; many are
destroyed or collide with buildings. Small boulders from the
sea bottom are moved inland. Cars overturned and drifted. Oil
spills, fires start. Extensive ground subsidence.
c. Damage of grade 4 in many masonry buildings, few
reinforced‐concrete buildings suffer from damage grade 3.
Artificial embankments collapse, port breakwaters damaged.
b. Lifelines interrupted. Extensive fires. Water backwash drifts
cars and other objects into the sea. Big boulders from sea
bottom are moved inland.
c. Damage of grade 5 in many masonry buildings. Few
reinforced‐concrete buildings suffer from damage grade 4,
many suffer from damage grade 3.
c. Practically all masonry buildings demolished. Most
reinforced‐concrete buildings suffer from at least damage
grade 3.

Any tsunami of size could be devastating to the City of Galveston. With low elevation and limited
means of evacuation, the impact to the City could be catastrophic, were the Seawall to fail to protect
the City. As a barrier island, the City of Galveston could experience the full range of the tsunami
hazard as identified by the scale above, though there is no historic precedent for any such
occurrence.
Impact on Life and Property from the Tsunami Hazard
Tsunamis can cause great property damage and loss of life where they come ashore, with most
fatalities resulting from drowning. Associated risks include water pollution, saltwater inundation,
damaged infrastructure, and extensive flooding.
Galveston has a wide array of infrastructure, including water and sewer lines and vital roadways,
which run parallel to the coast, and would be at risk of inundation if there were a tsunami.
Numerous public and private structures would also be vulnerable to the tsunami hazard.
Occurrences of the Tsunami Hazard
Major tsunamis occur about once per decade. Based on historical data, about 59% of the world's
tsunamis have occurred in the Pacific Ocean, 25% in the Mediterranean Sea, 12% in the Atlantic
Ocean, and 4% in the Indian Ocean. The Mediterranean and Caribbean Seas both have small
subduction zones, and have histories of locally destructive tsunamis. Only a few tsunamis have been
generated in the Atlantic and Indian Oceans. In the Atlantic Ocean, there are no subduction zones at
the edges of plate boundaries to spawn such waves except small subduction zones under the
Caribbean and Scotia arcs.
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The most destructive tsunami to impact the US struck Hilo, Hawaii in 1960. The magnitude‐9.5
Great Chilean Earthquake of May 22, 1960 is the strongest earthquake ever recorded. Its epicenter,
off the coast of South Central Chile, generated one of the most destructive tsunami of the 20th
Century. It also caused a volcanic eruption. It spread across the entire Pacific Ocean, with waves
measuring up to 75’ high. The first tsunami arrived at Hilo approximately 15 hours after it
originated off the coast of South Central Chile. The highest wave at Hilo Bay was measured at
around 35 ft. 61 lives were lost allegedly due to people's failure to heed warning sirens. Almost 22
hours after the quake, the waves hit the ill‐fated Sanriku coast of Japan, reaching up to 9’ above high
tide, and killed 142 people. Up to 6,000 people died in total worldwide due to the earthquake and
tsunami.
In the modern era, the best‐known occurrence of the tsunami hazard was the Indonesian Tsunami
that occurred December 26, 2004. The 2004 Indian Ocean earthquake was an undersea megathrust
earthquake that occurred on December 26, 2004, with an epicenter off the west coast of Sumatra,
Indonesia. The earthquake was caused by subduction and triggered a series of devastating tsunamis
along the coasts of most landmasses bordering the Indian Ocean, killing nearly 230,000 people in
14 countries, and inundating coastal communities with waves up to 100’ high. It was one of the
deadliest natural disasters in recorded history. Indonesia was the hardest hit, followed by Sri
Lanka, India, and Thailand. With a magnitude of between 9.1 and 9.3, it is the second largest
earthquake ever recorded on a seismograph. This earthquake had the longest duration of faulting
ever observed, between 8.3 and 10 minutes. It caused the entire planet to vibrate as much as
0.4 inches and triggered other earthquakes as far away as Alaska.
There has been one confirmed occurrence of a tsunami affecting Galveston. The origin point for this
event was a major earthquake that struck the island of Puerto Rico October 11, 1918. The
magnitude for the earthquake has been reported at around 7.5 (or Level IX in the Rossi‐Forel scale
used at that time); however, that might not be an exact number. The earthquake triggered a
tsunami with waves measured at approximately 20’ that lashed the west coast of Puerto Rico and is
remembered as one of the worst natural disasters that have struck the island. The losses resulting
from the disaster were approximately 116 casualties and $4 million in property. The tsunami
reached Galveston as a disturbance on tide gauges. No damage or wave height information was
recorded from this event.
There have been no new occurrences of the tsunami hazard since the 2011 Plan.
Probability of Future Occurrences of the Tsunami Hazard
In August 2008, a qualitative tsunami hazard assessment was prepared by NOAA and the US
Geological Service (USGS). This assessment indicated that the US Gulf Coast has a very low risk of
tsunamis. This assessment was based on National Geophysical Data Center (NGDC) and USGS data.
The report specifically stated that the vulnerability was low based on the following factors:



Very low wave run‐up
Very low hazard frequency
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Very low earthquake occurrence
No reported fatalities.

Based on the information in this assessment, and in consideration of the almost non‐existent
historical occurrences, given the scale provided at the beginning of this section the probability of a
future occurrence of the tsunami hazard is low.

6.3.15

Wildfire/Urban Fire (updated)

Description of the Wildfire/Urban Fire Hazard
Fire is the rapid oxidation of a material in the chemical process of combustion, releasing heat, light,
and various reaction products. Slower oxidative processes like rusting or digestion are not included
by this definition. The flame is the visible portion of the fire and consists of glowing hot gases. If hot
enough, the gases may become ionized to produce plasma. Depending on the substances alight, and
any impurities outside, the color of the flame and the fire's intensity might vary.
Fire in its most common form can result in conflagration, which has the potential to cause physical
damage through burning. Fire is an important process that affects ecological systems across the
globe. The positive effects of fire include stimulating growth and maintaining various ecological
systems. Fire has been used by humans for cooking, generating heat, signaling, and propulsion
purposes. The negative effects of fire include decreased water purity, increased soil erosion, an
increase in atmospheric pollutants and an increased hazard to human life.
Wildfires, also known as a wild land fire, are any fire that occurs on grassland, forest or prairie,
regardless of ignition source, damages or benefits. Wildfires are usually a naturally‐occurring
phenomenon, though they can be caused by human action – namely arson. A wildfire differs from
other fires by its extensive size, the speed at which it can spread out from its original source, its
potential to change direction unexpectedly, and its ability to jump gaps such as roads, rivers and fire
breaks. Wildfires are characterized in terms of the cause of ignition, their physical properties such as
speed of propagation, the combustible material present, and the effect of weather on the fire.
Urban fires are considered a man‐made hazard, in that their origins can arise from human activity
and be fueled by dense development. (For the purposes of this hazard profile, urban fires are
assumed to be accidental and their consequences unintended.)
Location of the Wildfire/Urban Fire Hazard
Wildfires occur in less populated areas. Urban fires occur in urban areas. The City of Galveston is
home to both areas. Figure 6.3.15‐1 (following) illustrates the areas within the City with the highest
potential for wildfire.

July 27, 2017 – Page 6‐80

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Figure 6.3.15‐1
Wildland Fire Potential

While the entire planning area is potentially at risk, the historic areas of the City are of concern.
Historic structures are largely built of wood, and are typically more vulnerable to fire than those of
newer construction materials and methods.
Extent/Severity of the Wildfire/Urban Fire Hazard
The USDA’s Fire, Fuel, and Smoke Science Program publishes a GIS‐based product known as the
Wildfire Hazard Potential (WHP)1. The WHP is a raster geospatial product produced by the US
Forest Service that can assist with evaluations of wildfire risk or prioritization of fuel management
needs across large landscapes. The objective of the product is to depict the relative potential for
wildfire that would be difficult to suppress or contain. The 2014 (current) version of the product is
built on several sources, including spatial fuels and vegetation data from LANDFIRE 2010 and point
locations of actual fire occurrences. An index of WHP classes of very low, low, moderate, high, and
very high is included in the product. Areas mapped with higher WHP values represent fuels with
higher probability of experiencing torching, crowning, and other forms of extreme fire behavior
under conducive weather conditions, based primarily on 2001 landscape conditions. On its own, the
Versions of this product prior to 2014 were known as the Wildland Fire Potential map. For consistency, this
update uses the previous term.

1
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WHP map is not an explicit map of wildfire threat or risk, but when paired with spatial data
depicting recourse and assets such as communities, structures, or utilities, it can approximate
relative wildfire risk to those resources and assets.49
As seen in Figures 6.3.15‐1(previous), most the City of Galveston falls within either the non‐burnable
or very loss wildfire potential rating, based on the US Forest Service’s Wildfire Hazard Potential
scale. Figure 6.3.15‐2 (below) provides a closer look at this potential.
Figure 6.3.15‐2
Wildland Fire Potential

Based on this figure, the majority of the area of the City of Galveston – approximately 95% ‐ falls
within either a very low potential rating or a non‐burnable area. Approximately 5% of the City falls
within a low potential rating. The City occupies an area of approximately 209 miles², which means
that approximately 10.45 miles² have a low potential for wildfire, and 198.55 miles² have either very
low potential or is in a non‐burnable area. As no wildfire events have been recorded by either the
City or NCDC, it is assumed that approximately 10 miles² is the extent of possible wildfires within
the City of Galveston.
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Impact on Life and Property from the Wildfire/Urban Fire Hazard
The interface problem has escalated over the previous few decades, primarily due to increases in
population, urban expansion, land‐management decisions, and the desire of humans to intermingle
with nature. The relationship between humans, their property and wild land areas has significantly
increased human exposure to wild fires, and has increased the potential for wildfires to spread to
urban areas.
More and more people are choosing to live in woodland settings or near forests or rural areas. Many
of these homes are nestled in classic fire‐interface hazard zones, such as ridgelines or cliff edges.
This placement increases the property’s exposure to wild land fire interface incidents. Years of fire
suppression practices have significantly disturbed natural fire occurrences. Nature uses wildfire as a
renewal process, and suppression practices can interrupt this cycle. The result has been a gradual
but steady accumulation of understory and canopy fuels. These fuels can feed high‐energy, intense
wildfires and further increase the hazards from and exposure to wild land interface problems.
Most areas on Galveston Island have a very low WFP class or is considered non‐burnable. The State
Park, located on the west end of the island, occasionally has wildfires. Depending on the size of the
wildfire, FM 3005, the main east‐west roadway across the island, could be impassable due to smoke.
It also may become necessary to evacuate people, specifically those with respiratory issues, due to
smoke inhalation.
Occurrences of the Wildfire/Urban Fire Hazard
The City of Galveston was the site of one of the worst urban fires in Texas history. In November
1885, a fire began at a foundry at 17th Street and Strand Avenue, in Galveston’s Central Business
District. A stiff wind was blowing from the northeast, which carried sparks from the fire several
blocks. Within minutes, the fire had spread several blocks, to 19th Street and Avenue O.
Galveston's first professional fire department was barely a month old when the fire broke out, and
was no match for the conflagration. The pressure on its newly installed saltwater system proved
insufficient, and bits of shell clogged the nozzles of the fire hose. By the time it burned itself out, the
fire had consumed forty‐two blocks, and destroyed 568 buildings and homes. More than $1 MM in
damage (in 1885 dollars) was sustained. Despite this incredible level of damage, no fatalities
occurred because of the blaze.
As a result of the Great Galveston Fire of 1885, as the event came to be known, building standards
within the City were changed to require the use of fire resistant materials within the Central
Business District.
The modern City of Galveston Fire Department responds to thousands of calls each year, both urban
and wildfire, and everything in between. Table 6.3.15‐1 (below) provides estimates of the number of
calls by type from 2011‐2015, which accounts for all fires that have occurred in the City since the
previous plan was approved. As is evident in this table, the City experiences more than 360 urban
fires each year, on average, based on their recorded statistics for structure fires, vehicle fires,
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electrical/equipment fires, and dumpster/rubbish fires. The City experiences an average of 50
wildfires each year, based on their recorded statistics for brush fires, grass fires, and natural
vegetation fires.
Table 6.3.15‐1
Galveston Fire Department Calls
Galveston Fire Department Calls 2011‐2015
Year
Structure Vehicle
Electrical
Dumpster Brush Fire
Fire
Fire
or
or Rubbish
Equipment Fire
2011
154
23
249
70
16
2012
121
34
125
71
14
2013
97
29
111
65
11
2014
100
36
133
76
14
2015
99
42
139
56
10
Totals:

571

164

757

338

65

Grass Fire

61
29
27
20
17

Natural
Vegetation
Fire
10
13
3
4
1

154

31

Probability of Future Occurrences of the Wildfire/Urban Fire Hazard
The probability of wildfire frequently changes, based on fuel loads and weather conditions. Using
the scale provided at the beginning of this section, however, results in a probability of high, as at
least one fire has occurred each year in Galveston that meets the definition of ‘wildfire.’
The probability of urban fire is harder to predict, as it often involves human behavior.
Consideration of the probability of urban fire, however, must take into consideration the number of
abandoned / vacant structures on the island, and the number of historic, wood‐frame structures
found throughout the Island’s East End. Based on current conditions and historic occurrence, the
probability of a future occurrence of urban fire is high.

6.3.16 Tropical Systems and Hurricanes (updated and separated)
Description of the Tropical Systems and Hurricanes Hazard
Per the National Hurricane Center, a hurricane is an intense tropical weather system of strong
thunderstorms with well‐defined surface circulation and sustained winds of 74 MPH or higher.
Hurricanes begin as a tropical disturbance in the open ocean. The following table (6.3.16‐1)
illustrates the terms used to define the various tropical weather systems.50
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Table 6.3.16‐1
Tropical Weather System Definitions
Tropical Weather System Definitions
Term
Definition
A discrete tropical weather system of apparently organized convection ‐‐
generally 100 to 300 NMI in diameter ‐‐ originating in the tropics or subtropics,
Tropical Disturbance
having a non‐frontal migratory character, and maintaining its identity for 24
hours or more. It may or may not be associated with a detectable perturbation of
the wind field.
A warm‐core non‐frontal synoptic‐scale cyclone, originating over tropical or
subtropical waters, with organized deep convection and a closed surface wind
circulation about a well‐defined center. Once formed, a tropical cyclone is
Tropical Cyclone
maintained by the extraction of heat energy from the ocean at high temperature
and heat export at the low temperatures of the upper troposphere. In this they
differ from extra‐tropical cyclones, which derive their energy from horizontal
temperature contrasts in the atmosphere.
A tropical cyclone in which the maximum sustained surface wind speed (using
Tropical Depression
the U.S. 1‐minute average) is 33 KT (38 MPH or 62 KM/HR) or less.
A tropical cyclone in which the maximum sustained surface wind speed (using
Tropical Storm
the U.S. 1‐minute average) ranges from 34 KT (39 MPH or 63 KM/HR) to 63 KT
(73 MPH or 118 KM/HR).
A tropical cyclone in which the maximum sustained surface wind (using the U.S.
1‐minute average) is 64 KT (74 MPH or 119 KM/HR) or more. The term
Hurricane
hurricane is used for Northern Hemisphere tropical cyclones east of the
International Dateline to the Greenwich Meridian. The term typhoon is used for
Pacific tropical cyclones north of the Equator west of the International Dateline.

The ingredients for a hurricane include a pre‐existing weather disturbance, warm tropical waters,
moisture and relatively light winds aloft. Persistent, favorable conditions can produce violent
winds, destructive waves, torrential rains and powerful floods. Annually, an average of ten tropical
systems develop over the Atlantic Ocean, Caribbean Sea, and Gulf of Mexico. Many of these storms
remain over open water and never move towards land. In an average year, six of these storms
become hurricanes. In an average three‐year period, five hurricanes strike the US coastline,
anywhere from Texas to Maine. Of these, two are typically major or intense hurricanes, with
classifications of Category 3 or higher.
A hazard associated with hurricanes is extreme wind. As wind speeds increase, pressure against
objects is added at a disproportionate rate. Pressure against a wall rises with the square of the wind
speed, which means that a threefold increase in wind speed gives a nine‐fold increase in pressure.
Thus, a 25 MPH wind causes approximately 1.6 pounds of pressure per foot². A 4”x8” sheet of
plywood will be pushed by a weight of 50 pounds. In 75 MPH winds, that force becomes 450
pounds, and in 125 MPH winds, it becomes 1,250 pounds. For some structures, this force is enough
to cause failure. These winds will weaken after landfall due to loss of warm‐water energy source,
and the encountering of great friction over land.
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Location of the Tropical Systems and Hurricanes Hazard
Extreme winds can and do impact the entirety of the city of Galveston. As the City is a barrier island
that is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to
and at risk from tropical systems and hurricanes.
Extent/Severity of the Tropical Systems and Hurricanes Hazard
Hurricanes are categorized according to the strength of their winds using the Saffir‐Simpson Wind
Scale. This scale ranks only wind speed, and increases in scale. It is important to note that lower
category storms can inflict greater damage than higher category storms, depending on where they
strike, other weather they interact with, and how slow their forward speed. A prime example is
Hurricane Ike. This storm had winds classified as Category 2, yet was one of the costliest and most
destructive hurricanes in US history, due largely to its (then) Category 4 storm surge. This disparity
in Hurricane Ike’s Saffir‐Simpson Scale categorization resulted in the removal of storm surge
predictions from Saffir‐Simpson Wind Scale classifications.
Table 6.3.16‐2 (following) illustrates the wind speed classification and expected wind effects on
land from various coastal storm categories, as provided by the National Hurricane Center. These
descriptions of land effects are general and are for explanatory purposes only. The actual damage to
land from a given storm will be reliant on a variety of factors, including construction, placement,
age, and condition of the structure.51
Table 6.3.16‐2
Saffir‐Simpson Wind Scale
Saffir‐Simpson Wind Scale
Category

Expected
Wind Speed
(mph)

Example Storm(s)

Category 1
Hurricane

74 – 95

Hurricane Dolly
(2008) ‐ South
Padre Island, Texas

Category 2
Hurricane

96 – 110

Hurricane Frances
(2004) ‐ Port St.
Lucie, Florida

Category 3
Hurricane

111 – 130

Hurricane Ivan
(2004) ‐ Gulf Shores,
Alabama

Effects on Land
Very dangerous winds will produce some damage:
Well‐constructed frame homes could have damage
to roof, shingles, vinyl siding and gutters. Large
branches of trees will snap and shallowly rooted
trees may be toppled. Extensive damage to power
lines and poles likely will result in power outages
that could last a few to several days.
Extremely dangerous winds will cause extensive
damage: Well‐constructed frame homes could
sustain major roof and siding damage. Many
shallowly rooted trees will be snapped or uprooted
and block numerous roads. Near‐total power loss is
expected with outages that could last from several
days to weeks.
Devastating damage will occur: Well‐built framed
homes may incur major damage or removal of roof
decking and gable ends. Many trees will be snapped
or uprooted, blocking numerous roads. Electricity
and water will be unavailable for several days to
weeks after the storm passes.
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Saffir‐Simpson Wind Scale
Category

Expected
Wind Speed
(mph)

Example Storm(s)

Category 4
Hurricane

131 – 155

Hurricane Charley
(2004) ‐ Punta
Gorda, Florida

Category 5
Hurricane

>156

Hurricane Andrew
(1992) –
Homestead, Florida

Effects on Land
Catastrophic damage will occur: Well‐built framed
homes can sustain severe damage with loss of most
of the roof structure and/or some exterior walls.
Most trees will be snapped or uprooted and power
poles downed. Fallen trees and power poles will
isolate residential areas. Power outages will last
weeks to possibly months. Most of the area will be
uninhabitable for weeks or months.
Catastrophic damage will occur: A high percentage
of framed homes will be destroyed, with total roof
failure and wall collapse. Fallen trees and power
poles will isolate residential areas. Power outages
will last for weeks to possibly months. Most of the
area will be uninhabitable for weeks or months.

The Saffir‐Simpson Wind Scale does not address the potential for other hurricane‐related impacts,
such as storm surge, rainfall‐induced floods, and tornadoes. In general, these wind‐caused damage
general descriptions are to some degree dependent upon the local building codes in effect and how
well and how long they have been enforced. For example, building codes enacted during the 2000s
along the Gulf and Atlantic Coasts are likely to reduce the damage to newer structures from that
described in Table 6.3.6‐3 (previous). However, for a long time to come, a significant portion of the
building stock in existence on the coast will not have been built to higher code; Galveston is no
exception to this. This is especially true for historic structures. Hurricane wind damage is also very
dependent upon other factors, such as duration of high winds, change of wind direction, and age of
structures.
On at least two occasions, Galveston has experienced a Category 4 hurricane with winds of at least
135 MPH. In both 1900 and 1915, powerful hurricanes struck Galveston, resulting in devastating
damages to the City. (For details of these storms, please refer to Table 6.3.16‐3, later in this section.)
These incidents represent the extent of the hurricane and tropical system hazard experienced by
Galveston. Future occurrences could change this extent, if a Category 5 storm were documented as it
struck the City.
Impact on Life and Property from the Tropical Systems and Hurricanes Hazard
Extreme winds have the potential to devastate the City of Galveston. The City’s location as a barrier
island makes it particularly susceptible to extreme winds. All areas of the City are at risk from the
extreme wind hazard. Though the City has adopted, continually evaluates, and enforces stringent
building codes, designed to protect the built environment, these building codes only apply to newer
construction in most circumstances. Older building stock remains at risk from extreme wind events
in most cases.
Hurricane Carla, which made landfall on the Texas Coast in 1961, perfectly represents the impact of
extreme winds on life and property. Carla attained Category 5 conditions, but weakened to a
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Category 4 hurricane shortly before landfall, between Port O’Connor and Port Lavaca, Texas. Carla
was responsible for 43 deaths and more than $2 billion in damages (in 1961 dollars).
Because of its size, the entire Texas coast was affected, and damage was reported as far inland as
Dallas. Sustained winds were reported to be 115 mph in Matagorda, 110 mph in Victoria and
88 mph in Galveston. Wind gusts as high as 170 mph were recorded at Port Lavaca. Much of the
damage was done well away from the landfall site, as Carla spawned one of the largest hurricane‐
related tornado outbreaks on record at the time, when 26 tornadoes touched down within its
circulation. One F4 tornado ripped through downtown Galveston, killing several (sources differ on
the exact number, varying from 6 to 12). Outside the protection of the Galveston Seawall, structures
on the island were severely damaged by storm surge.
In 1983, Hurricane Alicia struck the Island, making landfall as a Category 3 hurricane. 23 tornadoes
were reported in association with Alicia; 14 of those were in the Galveston and Houston‐Hobby
Airport area. The City of Houston suffered billions of dollars in damage. Thousands of glass panes in
downtown skyscrapers were shattered by gravel blown off rooftops. Although Alicia was a small
Category 3 hurricane, a total of 2,297 structures were destroyed by Alicia, with another 3,000
experiencing major damage. More than 10,000 structures had minor damage. Houston Lighting and
Power reported about 750,000 residential structures without electricity after Alicia’s landfall. Many
stores had to stay closed for days afterward due to risks of falling glass in the area.
In Galveston, the western beach had its public beach boundary shifted landward approximately
150 feet by Alicia. Approximately 5 feet of sand was scoured, leaving beachfront homes in a natural
vegetation state. This moved many beachfront homes onto public beach, and the Texas Attorney
General's office declared that they were in violation of the Texas Open Beaches Act and forbade the
repair or rebuilding of those homes. The US Army Corps of Engineers stated that if the Galveston
Seawall had not been in existence, another $100 million in damage could have occurred.
Occurrences of the Tropical Systems and Hurricanes Hazard
Table 6.3.16‐3 (following) details selected occurrences of extreme wind events in the City of
Galveston. The storm type and estimated damages, fatalities and injuries are noted (where data
available). Note that this table is intended to be representative of the hazard occurrences, and does
not include all known occurrences.5253
Table 6.3.16‐3
Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Date
1854
1891

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
105 MPH winds associated with Category 2
Hurricane
4
Unknown
$466,950
hurricane. Many ships capsized and 2 steamers
sank
Hurricane
Unknown
Unknown
Unknown
90 MPH winds recorded.
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Date

September
8, 1900

August 17,
1915

1932

July 27,
1943

July 25,
1959
September
11, 1961

1983

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Estimated winds of 135 MPH (217 HM/H) at
landfall, making it a Category 4 storm on the
Saffir‐Simpson Hurricane Scale. The highest
measured wind speed was 100 miles per hour
(160 km/h) just after 6 p.m., but the Weather
Bureau’s anemometer was blown off the
building shortly after that measurement was
recorded. Maximum winds were estimated at
$99.4B (in
The Great
120 MPH (190 KM/H) at the time, though later
+/‐ 8,000
Unknown
2005 dollars)
Hurricane
estimates placed the hurricane at the higher
Category 4 classification. While the sheer
amount of death and destruction is due largely
to the storm surge that overtopped the island
(an estimated 15 feet, compared to the average
natural elevation of 8.7 feet at the time), the
winds associated with the storm made such a
storm surge possible.
135 MPH winds led to 5‐6 feet of flooding in
8‐11 (low
downtown Galveston. Tides were 9‐14 feet
number
above normal, and surge was estimated at
attributed
Unknown
$61M+
more than 15 feet. 300 feet of beach washed
Hurricane
to newly‐
away, along with the earthen approaches to the
built
Causeway. City’s water main was severed, and
Seawall)
every ship in the harbor was damaged.
All electrical and phone service was cut to the
Hurricane
Unknown
Unknown
Unknown
island. 1 foot of rain fell. Extensive wind
damage. Category 4 at landfall
Recorded as a Category 1 storm with 70‐90
MPH Winds. Storm produced tornadoes that
damaged downtown and The Strand. Much of
the forecast and damage information was
Hurricane
19
33
$214M+
suppressed by the War Department – US
Weather Bureau destroyed the official readings
and recordings and could not issue advisories
with forecast information
Hurricane
Unknown
Unknown
Unknown
100 MPH winds recorded
Debra
88 MPH Winds. 4 tornado touchdowns; 1
Hurricane
6
Unknown
$127M+
tornado was an F‐4. 120 buildings destroyed by
Carla
tornadoes.
Eye crossed the western end of the San Luis
Pass, putting the majority of the island on the
eastern side of the storm. 96‐102 MPH
sustained winds produced 12 foot tides. 7 ¾
Hurricane
inches of rain in Galveston. 14 tornadoes
0
Unknown
$639M+
Alicia
reported between Galveston Island and Hobby
Airport. 50‐200 feet of beach washed away,
leaving many private residences on now‐public
beaches
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Date

September
7‐12, 1998

July 14,
2003

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Winds ranged from 25 to 35 KT (29 ‐ 40 MPH)
for over 24 hours starting around midnight on
the September 10 and continuing until the
early morning of September 11. The strongest
wind recorded was 47 KT (54 MPH) at
Galveston Scholes Field around 6pm on Sept.
$287.2M
10. Major impact and resultant damage
(over entire
Tropical
occurred in Galveston, Harris, Brazoria and
affected area,
Storm
3
0
Matagorda counties of Texas. All four of these
mostly due
Frances
counties received a Presidential Disaster
to flooding)
Declaration to help in the relief and recovery
efforts. In these four counties total damage
exceeded $286 million dollars. Most of this
damage was along the coast and around
Galveston Bay where high tides and winds
destroyed dunes and personal property.
Historical records dating back to 1851 indicate
Claudette is the first July hurricane to make
landfall in this area. Large geo‐tubes on
Galveston Island and the Bolivar Peninsula did
$10.9M (over significantly reduce erosion. Coastal roads
along the west end of Galveston Bay were
entire
Hurricane
affected area, under water due to tidal flooding. The highest
0
2
Claudette
reported wind gust was at the South Texas
mostly due
Nuclear Power Plant in Matagorda County
to flooding)
where an 86 MPH wind gust was recorded at
1000 CDT on July 15th. The highest recorded
sustained wind (58 MPH) was recorded at East
Matagorda Bay in Matagorda County.
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Date

September
23, 2005

September
12, 2007

September
13, 2008

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Rita was a Category 3 hurricane at landfall.
Widespread damage consisting of downed
trees and power lines occurred generally along
and east of a line from Crystal Beach to Liberty
to Livingston to Lufkin in Texas. Dunes
protecting many beach houses along the west
end of Galveston Island were washed away.
Large geo‐tubes along portions of the West End
of Galveston Island did reduce erosion in areas
where they were installed. Most flooding was
due to high tides along Galveston Island and
the Bolivar Peninsula. Most of this flooding
occurred near the time of landfall as water in
$159.9 M
Galveston Bay was pushed south out of the Bay
(over entire
onto the north facing shores of the island and
affected
the peninsula. Tides remained high on Saturday
area)
(after Rita made landfall) as strong westerly
winds pushed water into East Bay. In Galveston
$60,000
Hurricane
3 direct;
County, tropical storm force sustained winds
3
specific to
Rita
49 indirect
with gusts to hurricane force were reported
City of
across the county, especially on the Bolivar
Galveston;
Peninsula. Numerous power poles and road
unknown
signs were blown down on Bolivar. Many of the
private
beach homes received roof damage. Numerous
losses
trees were down with small structure damage
on High Island. Power was out to most of the
county on Saturday. In Galveston's historic
district, a large brick‐covered side of a three‐
story building collapsed and three other
buildings caught fire and were destroyed
during the height of the storm. There were
three directly related injuries. Small structure,
dock, and pier damage along with downed
power lines occurred across Galveston Island.
Total damage across the county was around
$15 million. No tornadoes were reported with
Rita.
Most the damage from Humberto was due to
$2.5M (0ver
Hurricane
high winds and fresh water flooding that
0
0
the affected
Humberto
caused minor structural damage along with
area)
knocking down trees and power lines.
When Hurricane Ike made landfall at Galveston
Island, its winds were sustained at 95 KTS or
109 MPH. At the time of landfall, aircraft
dropsondes and land‐based Doppler radar
$37.5 B
measured wind speeds approximately 91 M
(Over
Hurricane
103 direct;
Unknown
(300 feet) above the surface at 115 KTS or 130
affected US
Ike
92 indirect
MPH. These strong winds caused major
areas)
damage to the high‐rise buildings in the
downtown Houston area as well as some of the
oil refineries in Texas City.

As noted above, there have been no new occurrences of the tropical systems and hurricane hazard
since the 2011 plan update.
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Probability of Future Occurrences of the Tropical Systems and Hurricanes Hazard
Based on the history of extreme wind events, local knowledge, and the City’s location as a barrier
island, using the scale provided at the beginning of this section, the probability of a future
occurrence of extreme winds tropical systems and hurricanes is high.

6.3.17 Tornadoes (updated and separated)
Description of the Tornadoes Hazard
Tornadoes are also extreme wind events. The most destructive of all atmospheric phenomena,
tornadoes are violently rotating columns of air. These columns extend between and in contact with
a cloud and the Earth’s surface. The most violent tornadoes have rotational wind speeds of 250
MPH; in extreme cases, rotational wind speeds may approach 300 MPH. Tornadoes are often
produced by severe thunderstorms and hurricanes as they move ashore.
Location of the Tornadoes Hazard
Tornadoes can and do impact the entirety of the city of Galveston. As the City is a barrier island that
is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to and
at risk from tornadoes.
Extent/Severity of the Tornadoes Hazard
Tornado wind forces are measured and described according to the Fujita Scale. The Fujita Scale is
largely a residential structure damage scale, which tends to much more standardized construction
than commercial structures. The Fujita Scale is intended to describe the expected damage to well‐
built residential structures. This makes its use often misleading, as poorly built structures can
suffer significant structural damage under lesser winds than the Scale would suggest. The Storm
Prediction Center, a NOAA office, states the following regarding the use of the Fujita Scale:
Do not use F‐scale winds literally. These precise wind speed numbers are actually guesses and have
never been scientifically verified. Different wind speeds may cause similar‐looking damage from
place to place ‐‐ even from building to building. Without a thorough engineering analysis of tornado
damage in any event, the actual wind speeds needed to cause that damage are unknown.

Table 6.3.17‐1 (below and following) illustrates the Fujita Scale in use prior to February 2007.54
Table 6.3.17‐1
Fujita Tornado Scale (Pre‐February 2007)
Fujita Scale
F‐Scale
Number

Intensity
Phrase

F0

Gale tornado

F1

Moderate
tornado

Wind
Speed
40‐72
mph
73‐112
mph

Type of Damage
Some damage to chimneys; breaks branches off trees; pushes
over shallow‐rooted trees; damages sign boards.
The lower limit is the beginning of hurricane wind speed;
peels surface off roofs; mobile homes pushed off foundations
or overturned; moving autos pushed off the roads; attached
garages may be destroyed.
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Fujita Scale
F‐Scale
Number

Intensity
Phrase

Wind
Speed
113‐
157
mph
158‐
206
mph
207‐
260
mph

F2

Significant
tornado

F3

Severe
tornado

F4

Devastating
tornado

F5

Incredible
tornado

261‐
318
mph

F6

Inconceivable
tornado

319‐
379
mph

Type of Damage
Considerable damage. Roofs torn off frame houses; mobile
homes demolished; boxcars pushed over; large trees
snapped or uprooted; light object missiles generated.
Roof and some walls torn off well‐constructed houses; trains
overturned; most trees in forest uprooted
Well‐constructed houses leveled; structures with weak
foundations blown off some distance; cars thrown and large
missiles generated.
Strong frame houses lifted off foundations and carried
considerable distances to disintegrate; automobile sized
missiles fly more than 100 meters; trees debarked; steel
reinforced concrete structures badly damaged.
These winds are very unlikely. The small area of damage they
might produce would probably not be recognizable along
with the mess produced by F4 and F5 wind that would
surround the F6 winds. Missiles, such as cars and
refrigerators would do serious secondary damage that could
not be directly identified as F6 damage. If this level is ever
achieved, evidence for it might only be found in some
manner of ground swirl pattern, for it may never be
identifiable through engineering studies

In February 2007, use of the Fujita Scale was discontinued. In its place, the Enhanced Fujita Scale
was put into use. The Enhanced Fujita Scale retains the same basic design as its predecessor, but
reflects a more refined assessment of tornado damage surveys, standardization and damage
consideration to a wider range of structure types. The new scale considers how most structures are
designed, and is thought to be a much more accurate representation of the surface wind speeds in
the most violent tornadoes. It is important to note the date a tornado occurred, as tornadoes which
occurred prior to February 2007 are classified by the old scale and will not be converted to the
Enhanced Fujita Scale.
Table 6.3.17‐2 (below and following) illustrates the Enhanced Fujita Scale, currently in use.55
Table 6.3.17‐2
Enhanced Fujita Tornado Scale (Post‐February 2007)
Enhanced Fujita (EF) Scale
Enhanced Fujita
Category

Wind Speed (mph)

EF0

65‐85

EF1

86‐110

Potential Damage
Light damage. Peels surface off some roofs; some damage
to gutters or siding; branches broken off trees; shallow‐
rooted trees pushed over.
Moderate damage. Roofs severely stripped; mobile homes
overturned or badly damaged; loss of exterior doors;
windows and other glass broken.
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Enhanced Fujita (EF) Scale
Enhanced Fujita
Category

Wind Speed (mph)

EF2

111‐135

EF3

136‐165

EF4

166‐200

EF5

>200

Potential Damage
Considerable damage. Roofs torn off well‐constructed
houses; foundations of frame homes shifted; mobile homes
destroyed; large trees snapped or uprooted; light‐object
missiles generated; cars lifted off ground.
Severe damage. Entire stories of well‐constructed houses
destroyed; severe damage to large buildings such as
shopping malls; trains overturned; trees debarked; heavy
cars lifted off the ground and thrown; structures with weak
foundations blown away some distance.
Devastating damage. Well‐constructed houses and whole
frame houses completely leveled; cars thrown and small
missiles generated.
Incredible damage. Strong frame houses leveled off
foundations and swept away; automobile‐sized missiles fly
more than 100 m (109 yd); high‐rise buildings have
significant structural deformation; incredible phenomena
will occur.

As a barrier island, Galveston can expect to experience the entire range of tornadoes, though the
historic record indicates that EF0 and EF1 are the most common category. Therefore, EF1 is
considered the extent of the hazard for the City of Galveston.
Impact on Life and Property from the Tornadoes Hazard
Tornadoes have the potential to devastate the City of Galveston. Though the City has adopted,
continually evaluates, and enforces stringent building codes, designed to protect the built
environment, these building codes only apply to newer construction in most circumstances. Older
building stock remains at risk from tornadoes in most cases.
Occurrences of the Tornadoes Hazard
Table 6.3.17‐3 (following) details selected occurrences of tornadoes in the City of Galveston. The
storm type and estimated damages, fatalities and injuries are noted (where data available). Note
that this table is intended to be representative of the hazard occurrences, and does not include all
known occurrences.56,57
Table 6.3.17‐3
Occurrences of the Tornadoes Hazard in the City of Galveston
Occurrences of the Tornadoes Hazard in the City of Galveston
Type of
Estimated
Date
Extreme
Fatalities
Injuries
Notes
Damages
Winds
September
Seven tornadoes recorded throughout
Tornadoes Unknown Unknown
$7M+
1981
month.
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Date

August 30,
2009

Occurrences of the Tornadoes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
51 KTs Wind gust was measured at
Galveston Scholes Field. Several strong
Severe
thunderstorms formed late in the evening
Thunder‐
near Galveston Island along a nearly
0
0
Unknown
storm,
stationary surface front. A waterspout
Tornado
developed off the coast near Galveston
Island before moving inland and doing
damage as a tornado.

As noted above, there have been no new occurrences of the tornado hazard since the 2011 Plan.
Probability of Future Occurrences of the Tornadoes Hazard
Based on the history of events and local knowledge, and using the scale provided at the beginning of
this section, the probability of a future occurrence of tornadoes is low.

6.4 Methodology for Identifying Hazards of Concern
In accordance with the requirements of the Interim Final Rule all hazards with potential to affect the
City of Galveston are profiled in this section of the Plan. However, because this is a City‐level hazard
mitigation plan it is useful to identify the hazards that are of the most concern City‐wide, so these
can be the focus of more detailed assessment.
Various national, regional, and local sources were used to identify and classify different hazards for
the City of Galveston. The criteria used were:
1. History – incorporating historical accounts and records that the hazard has affected the City
often in the past, and that the hazard has occurred often and/or with widespread or severe
consequences.
2. Potential for mitigation – acknowledging that there are ways to address the hazard, and
that the methods are technically feasible and have the potential to be cost‐effective [i.e.
mitigation measures are available at a reasonable cost, and damages to property, lives
and/or community functions would be reduced or eliminated.]
3. Presence of susceptible areas or vulnerability – indicating that the City has numerous
facilities, operations, or populations that may be subjected to damage from the hazard.
4. Data availability – demonstrating that sufficient quality data is available to permit an
accurate and comprehensive risk assessment.
5. Federal disaster declarations and local emergency declarations – noting that the City
has received numerous disaster declarations for the hazard.

July 27, 2017 – Page 6‐95

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
The table on the following pages lists the hazards, describes the rationale for identifying (or not
identifying) hazards as significant, shows sources of information that were consulted for the
determination, and the disposition of the hazard regarding hazard identification and quantitative
risk assessment in this plan. The hazards in the shaded portion of the table are those that were
identified by the City of Galveston’s HMPSC as significant enough to warrant a quantitative risk
assessment.
To determine the probability of future occurrences of each hazard profiled, the following scale was
developed:
Low indicates that the hazard has not yet occurred, or has occurred infrequently, and has resulted or
is anticipated to result in contained or minimal damage.
Moderate indicates that the hazard has occurred or is occurring with some regularity, but with
limited spatial impacts, and either has or is anticipated to result in moderate or limited damage
High indicates that the hazard regularly occurs with some frequency, and has the potential to impact
a widespread area of the jurisdiction
Specific information related to the qualitative and quantitative assessment determinations for the
profiled hazards can be found in Section 07, Risk Assessment.
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7.1 Requirement for Risk Assessment
Requirement §201.6(c)(2): The plan shall include a risk assessment that provides the factual
basis for activities proposed in the strategy to reduce losses from identified hazards. Local risk
assessments must provide sufficient information to enable the jurisdiction to identify and prioritize
appropriate mitigation actions to reduce losses from identified hazards.
Requirement §201.6(c)(2)(ii): [The risk assessment shall include a] description of the
jurisdiction’s vulnerability to the hazards described in paragraph (c)(2)(i) of this section. This
description shall include an overall summary of each hazard and its impact on the community.
Requirement §201.6(c)(2)(ii): [The risk assessment] must also address National Flood
Insurance Program (NFIP) insured structures that have been repetitively damaged floods.
Requirement §201.6(c)(2)(ii)(A): The plan should describe vulnerability in terms of the types
and numbers of existing and future buildings, infrastructure, and critical facilities located in the
identified hazard area. .
Requirement §201.6(c)(2)(ii)(B): [The plan should describe vulnerability in terms of an]
estimate of the potential dollar losses to vulnerable structures identified in paragraph (c)(2)(ii)(A)
of this section and a description of the methodology used to prepare the estimate. .
Requirement §201.6(c)(2)(ii)(C): [The plan should describe vulnerability in terms of] providing
a general description of land uses and development trends within the community so that
mitigation options can be considered in future land use decisions.
Requirement §201.6(c)(2)(iii): For multi‐jurisdictional plans, the risk assessment must assess
each jurisdiction's risks where they vary from the risks facing the entire planning area.
In 2005, the National Hurricane Center compiled a list of the five places in the US most
vulnerable to hurricanes. Galveston was one of the five areas names. Low elevation and limited
evacuation routes off the island were the primary reasons to Galveston’s inclusion on the list.
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As discussed in Section 6 of this Plan (Hazard Identification, Profiling and Ranking), the City of
Galveston has at least some exposure to as many as 19 hazards, but most of them have such low
probability of occurrence that there is little or no serious risk to the City. Section 6 described
the process by which the City reduced the list of 19 possible hazards to the 15 that create the
greatest risk to the City of Galveston’s residents, assets, and operations:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Biologic Event (carryover from 2011 plan)
Coastal Hazards (carryover from 2011 plan)
Drought (carryover from 2011 plan)
Environmental Disaster (carryover from 2011 plan)
Extreme Heat (new)_
Extreme Wind Event (carryover from 2011 plan and separated)
Expansive Soils (new)
Flooding (carryover from 2011 plan)
Hail (new)
Hazardous Materials Incident (carryover from 2011 plan)
Lightning (carryover from 2011 plan)
Sea Level Change (carryover from 2011 plan)
Severe Winter Storms (new)
Tsunami (carryover from 2011 plan)
Wildfire/Urban Fire (carryover from 2011 plan)
Tropical Systems and Hurricanes (carryover from 2011 plan and separated)
Tornadoes (carryover from 2011 plan and separated)

This list of 17 hazards was then further analyzed to determine past occurrences and the
likelihood of future occurrence. A qualitative risk assessment performed for all hazards
profiled. The following seven hazards were deemed a significant enough risk, with sufficient
data available, to the City to merit a quantitative risk assessment:








Coastal Hazards
Environmental Disaster
Extreme Wind
Flooding
Wildfire/Urban Fire
Tropical Systems and Hurricanes
Tornadoes

This list of hazards selected for a quantitative assessment differs from the list selected in the
2011 Plan, and reflects the current opinion of the HMPSC regarding the hazards with the
highest potential impact to the City.
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7.2 2011 and 2016 Plan Risk Assessments Comparisons
The table below (7.2‐1) provides a summation of the risk assessment findings from the 2011
Hazard Mitigation Plan, and any changes determined necessary for this Plan Update.
Table 7.2‐1
Comparison of 2011 and 2016 Plan Risk Assessments

Comparison of 2011 and 2016 Plan Risk Assessments
2011 Plan
2016 Plan Update
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Coastal Erosion
Reclassified as Coastal Hazards
Quantitative Assessment
Qualitative Assessment
Coastal Hazards
Not Included
Quantitative Assessment
Coastal Retreat
Qualitative Assessment
Reclassified as Coastal Hazards
Coastal Subsidence
Qualitative Assessment
Reclassified as Coastal Hazards
Drought
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Environmental Disaster
Qualitative Assessment
Quantitative Assessment
Expansive Soils
Not Included
Qualitative Assessment
Extreme Heat
Not Included
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Extreme Wind
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Flooding
Quantitative Assessment
Quantitative Assessment
Hail
Not Included
Qualitative Assessment
Qualitative Assessment
Hazardous Materials Incident
Qualitative Assessment
Quantitative Assessment
Lightning
Qualitative Assessment
Qualitative Assessment
Sea Level Change
Qualitative Assessment
Qualitative Assessment
Severe Winter Storm
Not Included
Qualitative Assessment
Terrorism
Qualitative Assessment
Eliminated from Consideration
Tsunami
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Wildfire/Urban Fire
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Topical Systems and Hurricanes
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Tornadoes
Quantitative Assessment
Quantitative Assessment
Hazard
Biological Event

7.3 Risk Assessment Methodology
The risk assessment describes and analyzes the risks and vulnerabilities to the City of Galveston
from the hazards profiled in Section 06 Hazard Identification, Profiling and Ranking. The
assessment includes a vulnerability description and information as to the identified risk to
public and private assets (where applicable).
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The City of Galveston Hazard Mitigation Planning Stakeholder Committee (HMPSC) conducted a
risk assessment exercise to determine the vulnerabilities to assets within the planning area.
The exercise was conducted at an HMPSC meeting. The updated hazard profiles were used as
the basis to determine the vulnerability of and risk to assets within the City. A variety of data
sources were used to complete this risk assessment, including:





Local knowledge and experience of HMPSC Members and City Staff
Reports and studies commissioned by the City
Plans produced and maintained by the City
Reports and studies provided by other agencies, both state and federal

In all instances, the best available data was utilized.
Prioritizing the potential impacts of hazards on City assets was based on both a quantitative and
a qualitative analysis of the identified hazards. This allowed the HMPSC to focus planning effort
on the hazards most likely to cause future impacts to the community. The HMPSC used
historical data, local knowledge and experience to rate the exposure, probability and impact of
each of these hazards. Each hazard identified and profiled received a qualitative risk
assessment. The anticipated impact of the hazards was then assigned a value of low, moderate,
or high. Table 7.3‐1 (below) describes the definitions assigned to these terms.
Table 7.3‐1
Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment

Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment
Potential Impact to
Buildings/Critical
Facilities

Potential Impact
to Infrastructure

Low

Some injuries
possible, but
significant injuries
unlikely

Cosmetic damages to
structures; <1 day LOF

Some systems
temporarily down;
restoration in <1
day

Moderate

Injuries expected
(some significant);
some fatalities
possible

Some structural
damages; 1‐2 days
LOF

System failures /
utility loss;
restoration in 2‐3
days

High

Several fatalities
expected

Some structures
significantly damaged;
3+ days LOF

Long‐term system
damage / utility
loss; restoration 3+
days

Not
applicable

Not applicable for
this hazard

Not applicable for this
hazard

Not applicable for
this hazard

Term

Potential Impact to
People (Life
Safety/Livelihood)
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Potential
Impact to
Service
Delivery
Services /
operations
suspended or
interrupted; <1
day LOF
Services /
operations
temporarily
unavailable; 2‐3
day LOF
Cancellation of
services /
operations until
repairs are
made; 4+ day
LOF
Not applicable
for this hazard
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These ratings were then used to determine the qualitative ranking of the hazards, the City’s risk
of exposure to the hazard, the probability of the hazard occurring and the potential impact of
that hazard to the City of Galveston. This data is shown in Table 7.3‐2 (below). Table 7.3‐3
(following) shows this data ranked by risk.
Table 7.3‐2
Qualitative Risk Assessment Ranking, by Hazard – City of Galveston

Qualitative Risk Assessment Ranking, by Hazard
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Biological Event

Low/Moderate

Low

Low

Low

Coastal Hazards

Low

Low/Moderate

Low

Low

Drought

Low

Low

Low

Environmental
Disaster

Low/Moderate

Low

Low

Low

Expansive Soils

Low

Low

Low

Low

Extreme Heat

Moderate

Low

Low

Low

Extreme Wind

Moderate/High

Moderate/High

Moderate

Moderate

Flooding

Moderate/High

Moderate

Moderate

Moderate

Low

Low

Low

Low

Low/Moderate

Low

Low

Low

Lightning

Low

Low

Low

Low

Sea Level Change

Low

Low/Moderate

Low/Moderate

Low/Moderate

Severe Winter
Storm

Low

Low

Low

Low/Moderate

Tsunami

Low

Low

Low

Low

Wildfire/Urban
Fire

Low/Moderate

Moderate

Low/Moderate

Low/Moderate

Tropical Systems
and Hurricanes

Moderate/High

Moderate/High

Moderate

Moderate

Hazard

Hail
Hazardous
Materials Incident
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Qualitative Risk Assessment Ranking, by Hazard
Hazard
Tornadoes

Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Moderate/High

Moderate/High

Moderate

Moderate

Table 7.3‐3
Qualitative Risk Assessment Ranking, by Risk Determination – City of Galveston

Qualitative Risk Assessment Ranking, by Risk Determination
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Extreme Wind

Moderate/High

Moderate/High

Moderate

Moderate

Flooding

Moderate/High

Moderate

Moderate

Moderate

Wildfire/Urban
Fire

Low/Moderate

Moderate

Low/Moderate

Low/Moderate

Moderate

Low

Low

Low

Sea Level Change

Low

Low/Moderate

Low/Moderate

Low/Moderate

Biological Event

Low/Moderate

Low

Low

Low

Coastal Hazards

Low

Low/Moderate

Low

Low

Environmental
Disaster

Low/Moderate

Low

Low

Low

Hazardous
Materials Incident

Low/Moderate

Low

Low

Low

Severe Winter
Storm

Low

Low

Low

Low/Moderate

Drought

Low

Low

Low

Expansive Soils

Low

Low

Low

Low

Hail

Low

Low

Low

Low

Hazard

Extreme Heat
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Qualitative Risk Assessment Ranking, by Risk Determination
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Lightning

Low

Low

Low

Low

Tsunami

Low

Low

Low

Low

Tropical Systems
and Hurricanes

Moderate/High

Moderate/High

Moderate

Moderate

Tornadoes

Moderate/High

Moderate/High

Moderate

Moderate

Hazard

7.4 Areas of Concern for the City of Galveston (Updated)
As a barrier island community, the City of Galveston has concern and vulnerabilities that must
be addressed as part of any mitigation planning effort. Prior to the commencement of the
planning effort, the City identified three areas of concern. The HMPSC determined that these
areas should receive consideration (where applicable) during the planning process. These areas
are discussed below.
Data from a variety of sources was consulted to determine these specific concerns, including:





Local knowledge and experience of HMPSC Members and City Staff
Reports and studies commissioned by the City
Plans produced and maintained by the City
Reports and studies provided by other agencies, both state and federal

7.4.1 Critical Facilities
The HMPSC determined that a focus of the Plan would be risks and vulnerabilities of critical
facilities. The Committee considered the definition of critical facilities found in FEMA 386. After
discussion and consideration, they determined that the definition could be used if it was
expanded. The following is the definition of critical facilities for the City of Galveston’s Hazard
Mitigation Plan:
“Facilities that are critical to the health and welfare of the population and that are especially
important following hazard events. Critical facilities include, but are not limited to, shelters,
police and fire stations, hospitals, and other facilities necessary for continuity of
government.”
The HMPSC analyzed facilities throughout the City in conjunction with the hazard identification.
Over the course of several discussions, the HMPSC identified a broad range of critical facilities.
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Further analysis produced assessments of the value of the facilities, the contents, and the cost to
replace those facilities, all of which was included in the risk assessment, where applicable and
available.
The HMPSC opted to include the risk assessments for critical facilities with the City’s overall
risk assessments, rather than the separate them. This was done to present a complete and
overall picture of the City’s actual risks and vulnerabilities to the hazards deems to present the
greatest risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.4.2 Historic Assets
The HMPSC determined that an additional focus of the Plan would be risks and vulnerabilities
of historic structures, neighborhoods and assets. After discussion with the City’s Historic
Preservation Staff, the Committee opted to use the definition of historic asset found in FEMA
386:
“As defined by 36 CFR Part 800, means any prehistoric or historic district, site, building,
structure, or object included in, or eligible for inclusion in, the National Register maintained
by the Secretary of the Interior. This term includes artifacts, records, and remains that are
related to and located within such properties. The term includes properties of traditional
religions and cultural importance to an Indian Tribe or Native Hawaiian organization and
that meet the National Register.”
The HMPSC analyzed historic assets throughout the City in conjunction with the hazard
identification. Further analysis produced assessments of the value of the assets, the contents,
and the cost to replace those facilities, all of which was included in the risk assessment, where
applicable.
The HMPSC opted to include the risk assessments for historic assets with the City’s overall risk
assessments, rather than the separate them. This was done to present a complete and overall
picture of the City’s actual risks and vulnerabilities to the hazards deems to present the greatest
risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.4.3 Beaches and Shorelines
The HMPSC determined that a final focus of the Plan would be risks and vulnerabilities of
beaches and shorelines, both Gulf‐facing and Bay‐facing. A discussion was held during a
Committee meeting, in which the Committee talked through various concerns regarding the
beaches and shorelines in Galveston. Among these concerns are:
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Wetland health along the Bay
Threats to endangered species and critical habitat (Bay and Gulf)
Loss of dune systems and vegetation, specifically because of Hurricane Ike, which has
increased the island’s vulnerability to coastal flooding, storms and erosion
Maintenance of beach front roads and walkovers
Maintenance of privately‐owned septic systems

The HMPSC analyzed risks and vulnerabilities from beach‐issues throughout the City in
conjunction with the hazard identification. Further analysis produced assessments of the value
of the assets, the contents, and the cost to replace those facilities, all of which was included in
the risk assessment, where applicable.
The HMPSC opted to include the risk assessments developed in relation to beach‐issues with
the City’s overall risk assessments, rather than the separate them. This was done to present a
complete and overall picture of the City’s actual risks and vulnerabilities to the hazards deems
to present the greatest risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.5 Estimate of Potential Losses (Updated)
This section describes the risk to the City of Galveston, including its residents and critical,
government and historical assets from the list of hazards profiled in Section 6 – Hazard
Identification, Profiling and Ranking. As noted above, risk is an expression of expected future
losses resulting from the impacts of the identified hazards.

7.5.1 Biological Event (updated)
Background and Vulnerability
As a barrier island community that is home to a heavily trafficked port, a regional medical
center, and a medical university with significant research activities and is a destination for tens
of thousands of tourists each year, Galveston has above‐average exposure to biological agents.
The highest vulnerability exists in terms of people; the extent of any event would be contingent
on the type of contagion or infection, the severity of the outbreak, the method/rate of
transmission, and the speed with which the event is recognized.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being significantly less likely. It was supposed that impacts
to assets and infrastructure could occur if enough people were affected by the pathogen, but
that this would be a truly extraordinary event. In addition, the HMPSC also considered the
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presence of UTMB within the community, and the level of planning and response capability
available to the community through this resource.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.1‐1 (below).
Table 7.5.1‐1
Biological Event Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Biological Event Low/Moderate
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed reports of any biological events that do occur in the interim
Estimates of potential increases to operating costs due to staff illness/lost work time

7.5.2 Coastal Hazards (updated)
While usually a slow‐evolving hazard, coastal hazards – particularly coastal erosion ‐ present a
serious threat to the City of Galveston. As a densely‐populated barrier island, any loss of land
equates to an increase in the City’s vulnerability to hurricanes, coastal storms and above‐
average tidal events. When the land lost is beach that provides valuable protections from these
coastal storm events, that loss results in greater vulnerability.
Background and Vulnerability
Galveston frequently experiences coastal erosion. According to the Texas General Land Office
(GLO), the natural coastal environment of Texas is the product of climate, tides, relative sea‐
level change, tropical storm frequency, the amount of sediment delivered to the Gulf of Mexico
by rivers and the rate of dispersal of that sediment by waves and currents. Some of these
processes contribute to long‐term (chronic) coastal erosion, and others cause short‐term
(storm‐induced) erosion. Daily winds and tides have only a moderate effect on the shoreline.
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Hurricanes and tropical storms have a significant impact where winds drive currents and large
volumes of beach shoreface sand (to the west and southwest) along the Texas coast. Chronic
erosion is generally more difficult to address than storm‐induced erosion.
Coastal shoreline recession and erosion is caused by a relative rise in sea level, and the fact that
the amount of sediment removed by wave energy exceeds that supplied to the beach by
longshore currents. Per a study done by Texas A&M University Galveston (TAMUG), the relative
rise in sea level in Galveston was measured at 0.24” per year; other studies place the general
level of rise in the Gulf of Mexico at 3.3 mm per year, with a margin of error of +/‐ 0.4 mm. This
is significant because Texas beaches are relatively flat and any rise in sea level can result in
substantial shoreline recession. Climate change (from wetter to drier) during the past 18,000
years has decreased the volume of sediments carried to the Texas coast by rivers.
Human modifications or actions can contribute to or accelerate localized coastal erosion. Jetties,
groins, and breakwaters hinder sediments that would normally collect along the shoreline.
Seawalls, revetments and bulkheads also contribute to the hindrance of sediments normal
patterns of distribution – and these exist in Galveston. Waves generated by boats and ships can
erode unprotected shorelines or accelerate erosion in areas already affected by natural
processes. An increase in the number of ships with large wakes could prove detrimental to
coastal properties.
The GLO has defined "eroding areas" as "a portion of the shoreline which is experiencing a
historical erosion rate of greater than two feet per year based on published data of the
University of Texas at Austin, Bureau of Economic Geology." An eroding area is considered
critical when the rate of erosion exceeds two feet per year and poses a threat to:






public infrastructure or areas of national importance,
public beach access and recreation,
traffic safety,
private property, or
fish or wildlife habitat.

Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.2‐1 (following).
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Table 7.5.2‐1
Coastal Hazards Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Coastal Hazards
Low
Low/Moderate

Infrastructure

Service Delivery

Low/Moderate

Low

After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would include both a quantitative and a
qualitative analysis.
Galveston is experiencing coastal erosion on both sides – both its Gulf‐facing beaches and its
Bay‐facing wetlands and other sensitive areas.
The GLO has designated two Critical Erosion Areas in Galveston County. The first is Caplen
Beach, Bolivar Peninsula. The second Critical Erosion Area in Galveston County is Galveston
Island State Park Bay Shoreline. In this area, the marshes are being converted to open water.
This is severely increasing due to the loss of protective emergent shoals. Wave erosion due to
recreational vessel wakes has lowered the elevation of protective shoals towards the shoreline.
Figure 7.5.2‐1 (following) shows the location and rate of coastal hazards, particularly erosion,
along the Texas coast, including the City of Galveston. Based on the figure, the Gulf‐facing coast of
Galveston is eroding at an average rate of between ‐0.5 to ‐2.5 feet per year.
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Map 7.5.2‐1
Shoreline Change Rates along the Texas Gulf Coast

Coastal storms can have dramatic impacts on existing coastal hazards. After Hurricane Ike, the
Texas GLO funded a technical study which studied the effects of Hurricane Ike along the Upper
Texas Coast, including the City of Galveston. The results of that study showed that Galveston
experienced significant coastal erosion and retreat because of Hurricane Ike. The estimated rate
of this storm‐related erosion is presented in Table 7.5.2‐2 (following).
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Table 7.5.2‐2
Estimated Coastal Erosion in Galveston Because of Hurricane Ike

Estimated Coastal Erosion in Galveston Becuase of Hurricane Ike
Location
Estimated Erosion (in linear feet)
Galveston East Beach
315
Shoreline eroded to Seawall and limited by
Galveston Seawall
Seawall
Galveston West End
195
Galveston Far West End (San Luis Pass)
200

Figure 7.5.2‐2 (below) shows pre‐ and post‐storm aerial imagery from the Galveston Each
Beach area. In these photographs, several hundred linear feet of coastline were lost to
Hurricane Ike.
Figure 7.5.2‐2
Evidence of Coastal Erosion in Galveston as a Result of Hurricane Ike

Valuation Methodology for Loss Estimation
The risks and vulnerabilities to humans and to the built environmental from coastal erosion are
difficult to assess using traditional valuation methodologies. Coastal hazards are not just a
threat to people and the things they build; they also pose a risk to the surrounding ecosystems.
Some would argue that the environmental risks of coastal erosion are more significant than the
risks to people and their construction.
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There are a variety of generally accepted methods to quantify the risks from coastal hazards.
One is to use a market value‐based methodology. In other words, to determine how the hazards
affect various economic activities or interests, such as tourism or private property values. This
involves the calculation of direct damages to people and property from coastal erosion. The
market price method can be used to value changes in either the quantity or quality of a good or
service. It uses standard economic techniques for measuring the economic benefits from
marketed goods, based on the quantity people purchase at different prices, and the quantity
supplied at different prices. The idea of property value is based on the notion that the property
can be utilized for human purposes. If that property no longer exists, such as if it is inundated
by seawater, the value of that property evaporates. Typically, coastal property that is eroding or
is inundated has diminished value when compared to land that is not eroding and is not
inundated.
Another methodology involves the calculation or estimation of damages avoided. This method
estimates the value of ecosystem services based on either the costs of avoiding damages due to
lost services, the cost of replacing ecosystem services, or the cost of providing substitute
services. This method does not provide strict measures of economic values, which are based on
peoples’ willingness to pay for a product or service. Instead, it assumes that the costs of
avoiding damages or replacing ecosystems or their services provide useful estimates of the
value of these ecosystems or services. This assumes that, if people incur costs to avoid damages
caused by lost ecosystem services, or to replace the services of ecosystems, then those services
must be worth at least what people paid to replace them. Thus, the methods are most
appropriately applied in cases where damage avoidance or replacement expenditures have
been, or will actually be, made.
Some examples of cases where this method might be applied include:
 Valuing improved water quality by measuring the cost of controlling effluent emissions.
 Valuing erosion protection services of a forest or wetland by measuring the cost of
removing eroded sediment from downstream areas.
 Valuing the water purification services of a wetland by measuring the cost of filtering
and chemically treating water.
 Valuing storm protection services of coastal wetlands by measuring the cost of building
retaining walls.
 Valuing fish habitat and nursery services by measuring the cost of fish breeding and
stocking programs.
While the second methodology would likely result in a more complete and holistic assessment
of the risks of coastal erosion to the City of Galveston, the data required to calculate those
values is currently unavailable or incomplete. This methodology may be employed in future
updates of this Plan, if the data is available and reliable. Therefore, this assessment will
evaluate the risks of coastal hazards in terms of the threat it poses to people and the built
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environment, the risks to Galveston’s tourism industry, and the costs associated with restoring
eroded areas.
Risks to Galveston Residential Assets
Table 7.5.2‐1, located earlier in this section, provided details of the estimated coastal erosion on
the West End of Galveston Island because of Hurricane Ike. The loss of so much beach, so
quickly left many residential structures vulnerable to further coastal erosion, as their protective
dunes and vegetation were destroyed by the storm surge. At least 350 residential structures
were placed at risk because of Ike‐related erosion.
The current average listing price for housing on the West End of Galveston (west of Stewart
Road) is approximately $266,650, based on February 2016 market estimates from publically‐
available records and listings.1 Assuming the approximately 350 structures at risk were within
the average price range, this equals more than $93M in residential assets (listing price) that are
vulnerable to coastal hazards.
Risks to Galveston Critical Facilities
Galveston does have critical facilities that are potentially at risk from coastal erosion. While
there are no identified structures at risk, there are inter‐dependent lines that are potentially at
risk, as well as roadways that provide access to property owners, emergency responders, and
beach visitors.
Figure 7.5.2‐3 (following) illustrates the location of Galveston’s sewer lines; figure 7.5.2‐4
(following) shows the location of Galveston’s water lines. Roadways are also indicated on both
figures. Note the proximity of utility lines and roads on the West End in relation to the Gulf‐
facing beaches. These lines are constantly at risk of suffering a failure to function from coastal
erosion.
Figure 7.5.2‐5 (following) identifies the locations of roads designated as critical to the City of
Galveston; figure 7.5.2‐6 (following) identifies bridges and railroads. Note the proximity of
these critical access routes and points to potential sources of coastal hazards, both from the Gulf
and from the Bay.
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Figure 7.5.2‐3
Location of Galveston Sewer Lines and Roads
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Figure 7.5.2‐4
Location of Galveston Water Lines and Roads
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Figure 7.5.2‐5
Location of Galveston Critical Roads
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Figure 7.5.2‐6
Location of Galveston Critical Bridges and Railroads

Table 7.5.2‐3 (below and following) provides valuation for public works facilities and lines in
the City of Galveston. All associated water and sewer lines are included in plant estimates. All
figures are based on insured valued provided by the City’s Risk Manager.
Table 7.5.2‐3
Critical Water and Wastewater Facility Inventory

Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Generating Plant Building
Public Utilities
$392,840
$120,000
Elec/Control Building/Generator
Public Utilities
$98,415
$82,000
Lift Station #1
Public Utilities
$50,233
$0
Lift Station #2
Public Utilities
$30,755
$0
Lift Station #3
Public Utilities
$43,057
$0
Lift Station #4
Public Utilities
$32,805
$0
Lift Station #5
Public Utilities
$43,057
$0
Lift Station #6
Public Utilities
$30,755
$0
Main Building/Control Blower
Public Utilities
$72,171
$125,000
Lift Station #2A
Public Utilities
$112,767
$0
Lift Station #6
Public Utilities
$151,006
$0
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$512,840
$180,415
$50,233
$30,755
$43,057
$32,805
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$197,171
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Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Lift Station #7
Public Utilities
$136,756
$0
Lift Station #21
Public Utilities
$128,760
$0
Lift Station #29
Public Utilities
$84,575
$0
Lift Station #1
Public Utilities
$102,516
$0
Lift Station #3
Public Utilities
$102,516
$0
Lift Station #7
Public Utilities
$102,516
$0
Lift Station #5
Public Utilities
$102,516
$0
Lift Station #6
Public Utilities
$102,516
$0
Lift Station #4
Public Utilities
$102,516
$0
Public Works
Public Works
$2,121,253
$200,000
Sanitation Office
Public Works
$421,749
$50,000
Digester
Water/Wastewater
$102,516
$0
Blower
Water/Wastewater
$1,290,672
$1,200,000
Building/Office/Generator
Chlorine Building
Water/Wastewater
$21,842
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Transfer Station Building
Water/Wastewater
$355,524
$0
Sludge Screen
Water/Wastewater
$124,044
$0
30th St Pump Station
Water/Wastewater
$1,264,428
$100,000
Pump House
Water/Wastewater
$72,376
$400,000
Pump Station
Water/Wastewater
$156,541
$92,000
Pump Station
Water/Wastewater
$114,202
$0
Pump/Blower Building
Water/Wastewater
$297,295
$500,000
Sewage Lift Pump House
Water/Wastewater
$57,614
$0
Thickner Tank
Water/Wastewater
$124,044
$0
Parts Storage
Water/Wastewater
$361,778
$100,000
Sludge Press Building
Water/Wastewater
$1,537,734
$0
190k gal Clarifier Tank
Water/Wastewater
$439,690
$0
84k gal Digester Tank
Water/Wastewater
$128,247
$0
15k gal Pressure Tank
Water/Wastewater
$48,387
$0
15k gal Pressure Tank
Water/Wastewater
$48,387
$0
160k gal Aerator Tank
Water/Wastewater
$419,084
$0
SBR/Headworks/Chlorine/Digest
Water/Wastewater
$517,396
$0
er
SBR
Treatment/Sludge/Aeration/Cont Water/Wastewater
$638,467
$0
rols
Operations Building/Generator
Water/Wastewater
$848,829
$20,000
460k gal Ground Water Tank #1
Water/Wastewater
$289,402
$0
460k gal Ground Water Tank #2
Water/Wastewater
$289,402
$0
Main Building
Water/Wastewater
$6,663,516
$150,000
Generator Building/Generator #1
Water/Wastewater
$1,332,703
$0
Generator Building/Generator #2
Water/Wastewater
$1,332,703
$0
Disinfectant
Water/Wastewater
$1,145,612
$0
Building/Chlorination System
Flow Control Building &
Water/Wastewater
$86,113
$0
Equipment
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Total
$136,756
$128,760
$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,321,253
$471,749
$102,516
$2,490,672
$21,842
$124,044
$124,044
$124,044
$355,524
$124,044
$1,364,428
$472,376
$248,541
$114,202
$797,295
$57,614
$124,044
$461,778
$1,537,734
$439,690
$128,247
$48,387
$48,387
$419,084
$517,396
$638,467
$868,829
$289,402
$289,402
$6,813,516
$1,332,703
$1,332,703
$1,145,612
$86,113
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Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Improvements & Equipment
Water/Wastewater
$6,216,137
$0
$31,262,864
$3,139,000
Grand Totals:

Total
$6,216,137
$34,401,864

In addition to municipal utility infrastructure, roadways are also at risk from coastal hazards.
Because of Hurricane Ike‐caused erosion, the City lost several thousand feet of roadway to
erosion, leaving neighborhoods and homes inaccessible. The roadways identified as critical in
Figure 7.5.2‐5 are as follows:






61st Street
Harborside Drive
Broadway (Avenue J)
Seawall Boulevard / FM 2005 / San Luis Pass Road
Stewart Road (Avenue S)

To quantify the estimated replacement costs for at‐risk roadways, an average replacement cost
per 1000’ and per mile was established for both asphalt and concrete roadways. While actual
replacement costs will vary based on the degree of damage and the circumstances, these figures
are useful for estimating potential losses in a quantifiable way.
For each of these critical asphalt roadways that are damaged or destroyed by coastal erosion,
the average replacement costs are $152,000 per 1,000’, or more than $800,000 per mile. For
each of these critical concrete roadways that are damaged or destroyed by coastal erosions, the
average replacement costs are $179,000 per 1,000’, or more than $947,000 per mile.
Risks to Galveston Historic Assets
Currently, there are no historical structures in Galveston that are known to be at risk from
coastal hazards. However, the Galveston Seawall is constantly exposed to erosion.
Hurricane Ike pounded the Seawall with waves and debris for at least 12 hours, damaging
pavement, causing sinkholes along the sidewalk on top of the wall and swallowing up the
protective beach in front of it. The beach along a 51‐block stretch of the Seawall required
replenishment with more than 400,000 yards3 of sand from nearby land. The storm eroded
most of the sand at the base of the Seawall, leaving it vulnerable to corrosion or further erosion,
which could have undermined the structural integrity of the Seawall. The Seawall maintained
its structural integrity but required the first major repair project in its 105‐year history, per the
US Army Corps of Engineers' Galveston office. This repair project was estimated to cost $10
million.
Using the above project as a baseline, the estimated potential loss to the 10.2‐mile Seawall from
coastal erosion is estimated at approximately $1 million per mile.
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Risk Assessment Conclusions
Coastal hazards are a real and present risk to Galveston, and the City is vulnerable to them.
Galveston is aware of these risks and their own vulnerabilities, and continually takes steps to
mitigate their own vulnerabilities to the extent possible and practicable.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Exact location of areas of the Island experiencing coastal erosion and measurements of
all structures and assets in proximity
Rates of annual erosion/subsidence/retreat

7.5.3 Drought (updated)
Background and Vulnerability
As a barrier island community with no on‐site potable water sources, Galveston is uniquely
susceptible to the effects of drought, both locally and in source locations. All of the potable
water consumed and used on the island comes through a vendor pipeline, across the railroad
causeway. While drought conditions are currently absent in most of Texas and in the planning
area, drought is a frequent occurrence in Texas, and is one that must be considered and planned
for by all communities – particularly those that rely on water from other place via external
providers, such as Galveston.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being slightly more likely. Service delivery was determined
to be the greatest impact. However, each of these areas were considered to be low risk and
impact potential.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.3‐1 (below).
Table 7.5.3‐1
Drought Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Drought
Low
Low

Infrastructure

Service Delivery

Low

Low
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Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed plans for alternate water supplies or sources, including estimated costs for
access, delivery, and distribution
Estimates of increased operating costs due to unavailability of water or water of
sufficient quality for human consumption and use

7.5.4 Environmental Disaster (updated)
Background and Vulnerability
Environmental disasters can influence agriculture, biodiversity, the economy and human health.
The causes include pollution, depletion of natural resources, industrial activity or agriculture. As
the original Plan was being developed in 2010, the world was watching the largest oil
contamination event in US history unfold in the Gulf of Mexico, a few hundred miles offshore
from Galveston. In July 2010, oil from the Deepwater Horizon accident began washing up on the
beaches in Galveston and the Bolivar Peninsula to the north of Galveston. Oil has also impacted
coastal communities in Louisiana, Alabama, Mississippi, and Florida. This incident underscores
the point that environmental disasters have far reaching effects and consequences.
Discussion among the HMPSC members indicated that this hazard posed the greatest risk to
people, with impacts to assets, infrastructure, and service delivery being slightly less likely.
However, each of these areas were considered to be low risk and impact potential, excepting
people, which was determined to be low to moderate.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.4‐1 (following).
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Table 7.5.4‐1
Environmental Disaster Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Environmental
Low/Moderate
Low
Disaster

Infrastructure

Service Delivery

Low

Low

After discussion and consideration, the HMPSC determined that despite the low probability and
potential impacts to the City of Galveston, environmental disasters are a relatively frequent
occurrence in and around Galveston. They are events that the City has no control over, as they
often happen to the City rather than in it. Because of these considerations, the HMPSC
determined that a quantitative assessment should be completed for this Plan Update.
To achieve this assessment, a recent event will be used as the basis for a scenario. On March 21,
2014, the 585‐foot bulk carrier Summer Wind, reported a collision between the Summer Wind
and a barge, containing 924,000 gallons of fuel oil, towed by the motor vessel Miss Susan.
Approximately 170,000 gallons of RMG 380 marine fuel spilled into the Galveston Bay.
The tar‐like oil spilled in a major shipping channel, and impacted hundreds of miles of the Texas
coast, including the coast lines in Galveston. The spill of nearly 4,000 barrels occurred during
peak spring migration season, when migratory birds were returning to Texas estuaries. Baby
shrimp were also returning to the bays to feed and grow. The spill occurred in a heavily
trafficked ship channel, with significant current action in the area. Initial concerns in the
immediate aftermath of the spill included wildlife and environmental impacts, as well as
contamination.
The spill resulted in the closure of the Houston Ship Channel for three days. Every year, more
than 200M tons of cargo moved through the channel, carried by more than 8,000 vessels. A
2012 study places the statewide economic impact of the Port of Houston at almost $265B. This
equates to more than $726M per day of statewide economic impacts, or a loss of $2.1B for the
three days that this spill resulted in the closure of the Channel, and therefore (effectively) the
Port of Houston.
Some wildlife was killed by the spill. Several hundred birds were killed, as were approximately
20 dolphins and some sea turtles. Because of the type of fuel that was released, there are some
long‐term fears for sporting fish; releases of similar weights of fuel have resulted in long‐term
impacts to large predatory fish, such as Bluefin tuna and amberjack.
For the City of Galveston, resources were required to respond to the spill, and to support
recovery efforts afterwards. The City staff’s primary responsibility was coordination, which
required dedicated staff time. The incident lasted 42 days, from March 21 to May 1. It is
reasonable to assume that in the early days of the event, significant staff time was dedicated to
the response/recovery of the event, including both the Emergency Management Coordinator
(EMC) and the Deputy Emergency Management Coordinator (DEMC). The EMC has an
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approximate hourly base rate of $32/hour; the DEMC has an approximate base rate of
$22/hour. If both of these positions were dedicated to the City’s response/recovery to this
event for 40 hours per week for two weeks, the minimum cost to the City for this event was
$4,320. The real‐world costs were likely much higher, but were also undocumented, as many of
the costs were eventually reimbursed by another agency.
In any environmental disaster event, the City will have direct economic impacts, in the form of
resource usage. These costs will vary from event to event, and will depend largely on the event
itself.
Risk Assessment Conclusions
The HMPSC recognizes that environmental disasters have the potential to have far reaching,
devastating consequences for the City of Galveston, and that these events are largely outside of
the control of the City.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed plans for alternate water supplies or sources, including estimated costs for
access, delivery, and distribution
Estimates of increased operating costs due to unavailability of water or water of
sufficient quality for human consumption and use

7.5.5 Expansive Soils
Background and Vulnerability
Expansive soils pose a risk to the built environment around them. Specifically,
structures built on top of these soils can experience shifting, setting, and other
foundation damages. In extreme cases, the entire structure may collapse or be
damaged by these soils.
In addition, utilities that are run through these soils, and roadways that are on top of
them, may also experience damage. Expansion and contraction of the surrounding or
underlying soils can result in shifting, cracking, or other damages to utility lines and
roadways, rendering them useless or impassable. This can result in utility and
transportation interruptions that negatively impact operations and movement.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being slightly more likely. Service delivery was determined
to be a lesser impact consideration. However, each of these areas were considered to be low
risk and impact potential.
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Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.5‐1 (below).
Table 7.5.5‐1
Expansive Soils Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Expansive Soils
Low
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Exact location of areas of soils of concern
Exaction location of exposed structures and utilities of concern

7.5.6 Extreme Heat
Background and Vulnerability
Health risks from extreme heat include sunburn, dehydration, heat cramps, heat exhaustion,
and heat stroke. Heat disorders generally result from a reduction or collapse of the body’s
ability to cool itself by circulatory changes and sweating, or a chemical (salt) imbalance
caused by too much sweating. When the body cannot cool itself, or when it cannot
compensate for fluids and salt lost through perspiration, the temperature of the body’s
inner core begins to rise, and heat‐related illness may develop. All other factors being
equal, the severity of heat disorders tends to increase with age. Heat cramps in a 17‐year‐
old may be heat exhaustion in someone who is 40, and heat stroke in a person over 60.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being less likely. Service delivery was determined to be a
greater impact consideration than assets or infrastructure.
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Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.6‐1 (below).
Table 7.5.6‐1
Extreme Heat Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Extreme Heat
Moderate
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:




Data regarding temperature thresholds required to maintain operations in each facility
Estimated losses as temperatures increase
Facilities, assets, and populations particularly at risk from increased temperatures,
including locations

7.5.7 Extreme Wind (updated and separated)
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
extreme winds. As a barrier island, winds from tropical systems reach the City before the
mainland, leaving the City to absorb the brunt of the winds. Galveston also receives winds from
storms that move from the mainland into the Gulf of Mexico.
Table 7.5.7‐1 (following) provides information regarding Presidential Disaster Declarations
involving extreme wind that have included the City of Galveston. Note that this list is
representative, and does not include all declared extreme wind events known to have occurred
in Galveston. For a more complete listing of occurrences, please see Section 6.
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Table 7.5.7‐1
Presidentially‐Declared Extreme Wind Disasters in the City of Galveston Since 1961

Declared Extreme Wind Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Disaster or Emergency
Declaration Number

2015

DR‐4245

1998

DR‐1257

Severe Storms, Tornadoes,
Straight‐line Winds, and
Flooding
Severe Storms

Table 7.5.7‐2 (below) details the anticipated wind speeds based on extreme wind events. This
information was obtained from HAZUS‐MH in 2010 and affirmed in 2016.
Table 7.65.7‐2
Extreme Wind Recurrence Intervals

Anticipated Wind Speeds Based on Recurrence Intervals
In MPH:
Average
Minimum
Maximum
Maximum
Variation

10 Year
Event

20 Year
Event

50 Year
Event

100 Year
Event

200 Year
Event

500 Year
Event

67
64
74

86
82
97

111
107
116

124
123
125

133
131
134

144
137
149

1000
Year
Event
151
149
155

10

15

9

2

3

12

6

Figure 7.5.7‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
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Figure 7.5.7‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.7‐3 (below).
Table 7.5.7‐3
Extreme Wind Event Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Extreme Wind
Moderate
Moderate/High

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.7‐4 (below).
Table 7.3.7‐4
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.7‐5 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.7‐5
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.7‐6 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.7‐6
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.7‐7 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.7‐7
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.7‐8 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.7‐8
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077
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HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.7‐9 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 7.5.7‐9
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from extreme wind events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building

July 27, 2017 – Page 7‐34

The City of Galveston, Texas
Section 7: Risk Assessment

7.5.8 Flooding (updated)
This assessment considered the effects of all flooding that can impact the City of Galveston, its
residents, and assets. This includes coastal, flash and urban flooding, as well as storm surge. No
differentiation was made in the type of flooding for this assessment.
The City of Galveston, as a matter of established policy, mandates evacuations for residents and
non‐essential personnel for any storm anticipated to cause hurricane conditions higher than a
Category 1. Evacuations are mandated beginning with residents of the unprotected West End,
and move east. Tourists and other visitors to the Island are encouraged to evacuate when there
is any threat of tropical or coastal storm, particularly those who are unfamiliar with such
storms. The City does not maintain any official shelter for those residents who choose not to
evacuate, though they have previously offered “shelters‐of‐last‐resort” to those residents who
seek shelter but did not evacuate when ordered.
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
flooding. As a barrier island, flooding from coastal storms is often more severe than on the
mainland. Galveston has been devastated by flooding twice in the past 115 years – once in 1900,
and again in 2008. Despite the protection afforded by the Seawall, Galveston remains
vulnerable to flooding, particularly from the Bay.
Table 7.5.8‐1 (below and following) provides information regarding Presidential Disaster
Declarations involving flooding that have included the City of Galveston. Note that this list is
representative, and does not include all declared flood event known to have occurred in
Galveston. For a more complete listing of occurrences, please see Section 6.
Table 7.5.8‐1
Presidentially‐Declared Flooding Disasters in the City of Galveston Since 1961

Declared Flooding Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Disaster or Emergency
Declaration Number

Severe Storms, Tornadoes,
Straight‐line Winds, and
Flooding
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane

2015

DR‐4245

2008
2008
2008
2005
2005
2003
2002

Hurricane

2001

Severe Storms

1998

DR‐1791 ‐ Hurricane Ike
EM‐3294 – Hurricane Ike
EM‐3290 – Hurricane Gustav
DR‐1606 – Hurricane Rita
EM‐3261 – Hurricane Rita
DR‐1479 – Hurricane Claudette
DR‐1434 – Tropical Storm Fay
DR‐1379 – Tropical Storm
Allison
DR‐1257
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Declared Flooding Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Hurricane

1998

Hurricane
Hurricane

1983
1961

Disaster or Emergency
Declaration Number
DR‐1245 – Tropical Storm
Frances
DR‐689 – Hurricane Alicia
DR‐118 – Hurricane Carla

Figure 7.5.8‐1 (below) shows the land use in the City of Galveston, and the placement of critical
assets. Note the high level of development on the eastern side of the City.
Figure 7.5.8‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
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local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.8‐2 (below).
Table 7.5.8‐2
Flooding Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Flooding
Moderate
Moderate

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
No area of Galveston is truly immune from the risk of flooding. Figure 7.5.8‐2 (following) shows
the identified Special Flood Hazard Areas (SFHA) in the City of Galveston. As shown in the
figure, the only portion of Galveston Island that is “outside” of the SFHA is along the Seawall.
Note that this area does not extend the entire length of the Seawall.
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Figure 7.5.8‐2
Galveston Special Flood Hazard Areas

As seen in the figure above, most of the City lies within a VE zone; the remaining majority lies
within an AE zone. Small areas of the City lay outside of these two identified flood hazard areas.
Figure7.5.8‐3 (following) shows the identified Special Flood Hazard Areas (SFHA) in the City of
Galveston, and notes the identified historic neighborhoods and structures within those hazard
areas. Based on information from the City’s Historic Preservation Officer (obtained during the
2010 plan development process), and from the Texas Historical Commission, all structures east
of 61st Street may be eligible for inclusion in a registry of historic assets. This map notes those
structures where a determination has been made. Note that this map does not include the West
End of Galveston, as few historic structures have been identified on property within the City of
Galveston.
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Figure 7.5.8‐3
Galveston Special Flood Hazard Areas with Historic Assets Noted

Flooding Risk to Galveston Critical Facilities
Galveston experienced a high damage rate to its critical facilities because of Hurricane Ike.
Virtually the entirety of the water and wastewater systems were either damaged or destroyed.
Many damaged elements have yet to be fully repaired, pending negotiations with FEMA and
availability of funding, materials, equipment and contractors for work. City Hall was damaged,
and portions were rendered unusable for months until repairs could be made. In addition, two
fire stations were destroyed.
As part of the plan development process, the Stakeholder Committee and Galveston City Staff
identified specific critical facilities for the City of Galveston. The complete list of these facilities,
their estimated replacement values, and their content values (where applicable) can be found in
the Tabular Data appendix.
Table 7.5.8‐3 (following) provides details of the City‐identified critical assets and their level of
exposure to flooding.
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Table 7.5.8‐3
Galveston Critical Assets and Flood Risk
Galveston Critical Assets and Identified Flood Risk
SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Administration

Yes

No

NA

NA

NA

NA

NA

Administration

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

COG Galveston
Critical Asset

Asset Type

Office
Office/Shop/Fence/Fla
g Pole

Asset
Values
$0
$961,875

Offices/Terminal

Airport

Yes

No

NA

NA

NA

NA

NA

$1,265,625

Runway Lights

Airport

Yes

No

NA

NA

NA

NA

NA

$405,000

Control
Tower/Generator

Airport

Yes

No

NA

NA

NA

NA

NA

$1,703,502

City Hall/Tower

City Hall

Yes

No

NA

NA

NA

NA

NA

$4,583,576

EMS Station

EMS

No

Yes

6.4'

10.3'

14.5'

17.1'

20.1'

$297,500

Fire Station #8

Fire Station

Yes

No

5.7'

10.6'

14.6'

17.9'

21'

$242,142

Fire Station #2

Fire Station

No

No

NA

9.7'

13.6'

17.1'

20'

$276,587

Fire Station #3

Fire Station

No

Yes

NA

NA

NA

NA

NA

$315,338

Fire Station #7

Fire Station

Yes

No

5.3'

10.5'

14.5'

17.8'

20.9'

$471,162

Fire/EMS Station #5

Fire Station

Yes

No

NA

9.7'

13.7'

17.1'

20'

$0

Fire Department
Station #4

Fire Station

Yes

No

NA

NA

NA

NA

NA

$3,895,594

Diesel Storage Tank

Fuel

Yes

No

NA

NA

NA

NA

NA

$18,043

Gas Building

Fuel

Yes

No

NA

NA

NA

NA

NA

$26,244

Auto Repair

Garage

Yes

No

NA

NA

NA

NA

NA

$1,387,446

Parking

Garage

Yes

No

NA

NA

NA

NA

NA

$120,046

Maintenance Bldg

Garage

Yes

No

NA

NA

NA

NA

NA

$165,255

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$115,330

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$146,597

Dwelling

Housing

No

Yes

5.4'

7.7'

14.5'

17.9'

20.9'

$153,773

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$157,874

Police Property
Room/Fence

Law Enforcement

Yes

No

NA

NA

NA

NA

NA

$76,579

Public Safety
Building/Flag
Pole/Generator

Law Enforcement

Yes

No

NA

NA

NA

NA

NA

$4,400,073

Police Department

Law Enforcement

Yes

No

NA

9.7'

13.7'

17.1'

20'

$5,080,058

Comfort Station

Parks &
Recreation

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$80,167

Lights

Parks &
Recreation

Yes

No

5.1'

10.2'

14.2'

17.4'

20.2'

$30,755

Playground Equipment

Parks &
Recreation

Yes

No

5.1'

10.2'

14.2'

17.4'

20.2'

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$41,006

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$32,805
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The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Identified Flood Risk
COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$35,880

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$55,358

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$26,654

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$49,208

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$16,403

Playground Equipment

Parks &
Recreation

No

Yes

NA

NA

13.5'

17.2'

20.1'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

5.1'

9.7'

13.6'

17.1'

20'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

NA

9.7'

13.6'

17.1'

20'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

13.5'

17.2'

20.1'

$46,132

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$26,654

Recreation Center

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$1,750,762

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$98,415

Seawall Convention
Ctr/Flg Poles/Lgt
Poles/Marquis

Parks &
Recreation

No

No

6.4'

10.3'

14.1'

17.2'

20'

$49,737,198

Playground Equipment

Parks &
Recreation

No

No

NA

NA

NA

NA

NA

$71,761

Pavilion‐Basketball

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$266,131

Recreation Center

Parks &
Recreation

Yes

No

6.4'

10.3'

14.5'

17.1'

20.1'

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA
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$3,249,540
$512,578

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Identified Flood Risk
COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Pavilion

Parks &
Recreation

Yes

No

6.4'

10.3'

14.5'

17.1'

20.1'

$86,831

Generating Plant Bldg

Public Utilities

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$392,840

Elec/Control
Building/Generator

Public Utilities

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$98,415

Lift Station #1

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$50,233

Lift Station #2

Public Utilities

No

No

5.3'

10.5'

14.4'

17.7'

20.8'

$30,755

Lift Station #3

Public Utilities

Yes

No

5.3'

10.4'

14.4'

17.7'

20.7'

$43,057

Lift Station #4

Public Utilities

No

No

5.1'

10.4'

14.4'

17.6'

20.6'

$32,805

Lift Station #5

Public Utilities

No

Yes

NA

NA

NA

NA

NA

$43,057

Lift Station #6

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$30,755

Main Bldg/Control
Blower

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$72,171

Lift Station #2A

Public Utilities

No

Yes

NA

NA

NA

NA

NA

$112,767

Lift Station #6

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$151,006

Asset
Values

Lift Station #7

Public Utilities

Yes

No

5.1'

9.7'

13.6'

17.1'

20'

$136,756

Lift Station #21

Public Utilities

Yes

No

5.1'

10'

14'

17.3'

20.4'

$128,760

Lift Station #29

Public Utilities

Yes

No

6.4'

10.5'

14.4'

17.7'

20.6'

$84,575

Lift Station #1

Public Utilities

Yes

No

5.4'

10.5'

14.5'

17.9'

20.9'

$102,516

Lift Station #3

Public Utilities

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$102,516

Lift Station #7

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$102,516

Lift Station #5

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$102,516

Lift Station #6

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$102,516

Lift Station #4

Public Utilities

Yes

No

5.2'

10.4'

14.3'

17.5'

20.6'

Public Works

Public Works

Yes

No

NA

NA

NA

NA

NA

$102,516
$2,121,253

Sanitation Office

Public Works

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$421,749

Office Building

Recycling

Yes

No

5.1'

9.8'

13.8'

17.1'

20.1'

$66,635

Storage/Construction
Office

Storage

Yes

No

NA

NA

NA

NA

NA

$50,643

Traffic Sign Bldg

Storage

Yes

No

NA

NA

NA

NA

NA

$109,692

Computer Equipment

Storage

Yes

No

NA

NA

NA

NA

NA

$0

Storage (Old Fire
Station)

Storage

Yes

No

NA

NA

NA

NA

NA

$304,164

Chlorine Bldg

Storage

Yes

No

NA

NA

NA

NA

NA

$5,228

Workshop/Storage

Storage

Yes

No

5.1'

9.8'

13.8'

17.1'

20.1'

$7,996

Phone Systems

Support

Yes

No

NA

NA

NA

NA

NA

$0

Radio/Electronic
Equipment

Support

Yes

No

NA

NA

NA

NA

NA

$0

Scale House

Support

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$27,884

Rentals/Fence

Support

Yes

No

NA

NA

NA

NA

NA

$139,011

Rentals

Support

Yes

No

NA

NA

NA

NA

NA

$55,769

Printing Office

Support

Yes

No

NA

NA

NA

NA

NA

$41,006
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The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Identified Flood Risk
SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Support

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

Offices/Bus
Repair/Tower/Fence

Transit

Yes

No

NA

NA

NA

NA

NA

$3,796,875

Trolley Barn

Transit

Yes

No

NA

NA

NA

NA

NA

$911,250

Digester

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$102,516

Blower
Bldg/Office/Generator

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,290,672

Chlorine Building

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$21,842

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Transfer Station Bldg

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$355,524

Sludge Screen

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

30th St Pump Station

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,264,428

Pump House

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$72,376

Pump Station

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$156,541

Pump Station

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$114,202

Pump/Blower Bldg

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$297,295

Sewage Lift Pump
House

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$57,614

Thickner Tank

Water/Wastewat
er

Yes

No

NA

NA

NA

NA

NA

$124,044

Parts Storage

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$361,778

Sludge Press Building

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$1,537,734

190k gal Clarifier Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$439,690

84k gal Digester Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$128,247

COG Galveston
Critical Asset

Asset Type

Generator & Shelter
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$81,910

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Identified Flood Risk
COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

15k gal Pressure Tank

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$48,387

15k gal Pressure Tank

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$48,387

160k gal Aerator Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$419,084

SBR/Headworks/Chlo
rine/Digester

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$517,396

SBR
Treatment/Sludge/Aer
ation/Controls

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$638,467

Operations
Building/Generator

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$848,829

460k gal Ground
Water Tank #1

Water/Wastewat
er

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$289,402

460k gal Ground
Water Tank #2

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$289,402

Main Bldg

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$6,663,516

Generator
Bldg/Generator #1

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,332,703

Generator
Bldg/Generator #2

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,332,703

Disinfectant
Bldg/Chlorination
System

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,145,612

Flow Control Bldg &
Equipment

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$86,113

Improvements &
Equipment

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$6,216,137

A SLOSH model was developed as part of the HAZUS‐MH run described earlier in this
assessment. A series of figures was generated, showing the levels of storm surge inundation
that could be expected for each category of hurricane. Those figures were developed to show
both the entire City and include critical assets as defined by the City. Those images appear on
the pages that follow.
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The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐4
SLOSH – Category 1
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The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐5
SLOSH – Category 2
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The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐6
SLOSH – Category 3
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The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐7
SLOSH – Category 4
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The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐8
SLOSH – Category 5

Flooding Risk to Galveston Historic Assets
As part of the plan development process, the Stakeholder Committee and Galveston City Staff
identified specific historic assets in the City of Galveston. The complete list of these assets can
be found in the Tabular Data appendix.
Table 7.5.8‐4 (following) provides details of the City‐identified historic assets and their level of
exposure to flooding.
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The City of Galveston, Texas
Section 7: Risk Assessment
Table 7.5.8‐4
Galveston Historic Assets and Flood Risk
Galveston Historic Assets and Flood Risk
SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

National
National
National
National
National

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

National
National
National
National

Yes
Yes
Yes
Yes

No
No
No
No

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

National

Yes

No

NA

NA

NA

NA

NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
5.8'

NA
NA
9.8'

NA
NA
13.8'

NA
NA
17.1'

NA
NA
20'

National

Yes

No

NA

NA

NA

NA

NA

U.S. National Bank
Ashton Villa

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Beissner, Henry,
House
Bishop's Palace

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Galveston Orphans
Home
Galvez Hotel

National
National

Yes
No

No
No

NA
NA

NA
9.7'

NA
13.6'

NA
17.1'

NA
20.1'

Grace Episcopal
Church
Grand Opera House

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Hagemann, John,
House

National

Yes

No

NA

NA

NA

NA

NA

McKinney‐
McDonald House

National

Yes

No

NA

9.7'

13.6'

17.1'

20'

Galveston Historic
Asset

Lasker Home for
Homeless Children
Building at 1925‐
1927 Market Street
Building at 1921‐
1921 1/2 Avenue D
City Hall
Eiband's
House at 2528
Postoffice St.
I.O.O.F. Lodge
Marschner Building
Model Laundry
Pix Building
Reedy Chapel‐AME
Church
Robinson Building
Rosenberg Library
Scottish Rite
Cathedral
Star Drug Store
Texas Building
City National Bank
First Evangelical
Lutheran Church
House at 2017‐2023
Avenue I
Jean Lafitte Hotel
Merimax Building
Shaw, M. W.,
Building

Designation
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The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Historic Assets and Flood Risk
Galveston Historic
Asset

Designation

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Menard, Michel B.,
House

National

Yes

No

NA

NA

NA

NA

NA

Old Galveston
Customhouse

National

Yes

No

NA

NA

NA

NA

NA

Powhatan House
St. Mary's Cathedral

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

St. Joseph's Church

National

Yes

No

NA

NA

NA

NA

NA

Trueheart‐Adriance
Building

National

Yes

No

NA

NA

NA

NA

NA

Williams, Samuel
May, House

National

No

Yes

NA

9.6'

13.4'

17.2'

20.1'

Ashbel Smith
Building

National

Yes

No

5.8'

9.8'

13.7'

17.1'

20'

First Presbyterian
Church

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

Kempner, Daniel
Webster, House
Sealy, George,
House

National

Yes

No

NA

NA

NA

NA

NA

Trinity Protestant
Episcopal Church

National

Yes

No

NA

NA

NA

NA

NA

Sweeney‐Royston
House

National

Yes

No

NA

NA

NA

NA

NA

Steffens‐‐Drewa
House Complex

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National

No

Yes

NA

9.7'

13.6'

17.1'

20.1'

National

Yes

No

NA

NA

NA

NA

NA

National
National
Local
Local

Yes
Yes
Yes
No

No
No
No
Yes

NA
NA
6.4'
6.4'

NA
NA
10.3'
10.3'

NA
NA
14.5'
14.5'

NA
NA
17.1'
17.1'

NA
NA
20.1'
20.1'

Local
Local

No
Yes

Yes
No

NA
NA

9.6'
NA

13.4'
NA

17.2'

20.1'

Local
Local

No
Yes

Yes
No

NA
NA

9.6'
NA

13.4'
NA

17.2'
NA

20.1'
NA

Willis‐‐Moody
Mansion
Hutchings, Sealy,
House
Illies Building‐‐
Justine Apartments
Melrose Apartment
Building
Galveston US Post
Office, Custom
House and
Courthouse
Levy, E.S., Building
2512 Ave P 1/2
2012 29th St
The Christian
Wolfer House
Garten Verein
Samuel May
Williams Home
Hitchcock House
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Galveston Historic Assets and Flood Risk
Galveston Historic
Asset

Ashton Villa
Sealy Garage
City Hall
2125 Church
Texas Building
2219 Market
J Reymershoffer
Building
Tremont Hotel
30th St Pump
Station
Galveston Cemetery
Galveston Cemetery
Medical Arts
Building
Smith House
Purity Ice Cream
Sign
John Davidson
Samuel Moore
Penland House
Schmidt House
Mt. Olive Missionary
Baptist Church
Alley House
Star State Co No.3
Fire House

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Local
Local
Local
Local
Local
Local

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local
Local
Local

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local

Yes

No

NA

9.7'

13.6'

17.1'

20'

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local
Local

Yes
No

No
Yes

NA
NA

NA
9.7'

NA
13.6'

NA
17.1'

NA
20'

Local

Yes

No

NA

NA

NA

NA

NA

Designation

A SLOSH model was developed as part of the HAZUS‐MH run described earlier in this
assessment. A series of figures was generated, showing the levels of storm surge inundation
that could be expected for each category of hurricane. Those figures were developed to show
historic assets in the City. Those images appear on the pages that follow.
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Figure 7.5.8‐9
SLOSH – Category 1 – Historic Structures

July 27, 2017 – Page 7‐53

The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.8‐10
SLOSH – Category 2 – Historic Structures
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Figure 7.5.8‐11
SLOSH – Category 3 – Historic Structures
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Figure 7.5.8‐12
SLOSH – Category 4 – Historic Structures
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Figure 7.5.8‐13
SLOSH – Category 5 – Historic Structures

Flooding Risk to Galveston Repetitive Loss Structures
As of July 31, 2015, there were 492 properties designated as RL in the City of Galveston. An
additional 27 properties were designated as SRL.
Risk Assessment Conclusions
With very few exceptions, all areas of the City have some level of flood risk. The City is aware of
this risk, and places flood mitigation as a priority.
Data to collect to improve this methodology prior to the Plan Update includes:



Data regarding building construction (materials, protection systems, etc.)
Data regarding first flood elevations for each building
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7.5.9 Hail
Background and Vulnerability
All assets within the City are known to have at least some vulnerability to the hail hazard. The
most vulnerable assets are fleet vehicles and rooftop mounted equipment (solar panels, satellite
dishes, communications antenna, etc.). It is possible that modern buildings could sustain roof
damage, or that windows could be broken, but – based on the historical record of occurrence –
this is unlikely in all but the most severe hail events. The many historic structures in the City
may be more vulnerable to the hazard, as the construction methods used for these buildings
would not have been as hardened as modern construction methods.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.9‐1 (below).
Table 7.5.9‐1
Hail Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Hail
Low
Low/Moderate

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:




Specific damages to assets (buildings, cars, etc.) from hail
Specific damages to infrastructure (communications, satellites, etc.) from hail
Value of all assets potentially exposed to hail (particularly fleet vehicles)

7.5.10 Hazardous Materials Incident (updated)
Background and Vulnerability
Depending on the severity of the incident, the potential impact to life and property is great in
Galveston. Incidents can cause multiple fatalities, completely shut down facilities (and the
surrounding area) for days or weeks, and cause extensive property and infrastructure damage.
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Weather conditions can directly impact how a hazardous materials incident develops or can be
the initiator of the incident, as in the case of unprotected facilities inundated by storm surge.
Non‐compliance with fire and building codes can substantially increase damage from an
incident, as the containment features may not be up to standards.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.10‐1 (below).
Table 7.5.10‐1
Hail Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Hazardous
Materials
Low/Moderate
Low
Incident

Infrastructure

Service Delivery

Low

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:


Specific evacuation/containment areas for specific release scenarios

7.5.11

Lightning (updated)

Background and Vulnerability
Lightning is the leading cause of weather‐related personal injuries. Perhaps because lightning is
a common weather phenomenon, most people do not take the associated risks of exposure to
lightning as seriously as they should.
Lightning is a major cause of storm related deaths in the US, out pacing hurricanes and tornados
in most years. A lightning strike can result in a cardiac arrest (heart stopping) at the time of the
injury, although some victims may appear to have a delayed death a few days later if they are
resuscitated but have suffered irreversible brain damage.
In addition to the impact lightning can have on people, lightning can have significant impact on
property, including utility infrastructure, such as lift stations and electrical sub‐stations.
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Lightning is the leading natural cause of wildfires, and can lead to structure fires as well. The
historic structures and districts are particularly vulnerable, as they are primarily wood‐frame
construction and are often closer together than modern residences.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.11‐1 (below).
Table 7.5.11‐1
Lightning Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Lightning
Low
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Specific assets that have lightning protection
Specific systems and networks that are vulnerable to lightning and resulting electrical
surges

7.5.12

Sea Level Change (updated)

Background and Vulnerability
In Galveston, sea level rise has slow‐moving implications for the entire planning area. Galveston
has a wide array of infrastructure, including water and sewer lines and vital roadways, which
run parallel to the coast, and would be at risk of inundation if the water in the Gulf of Mexico
continues to rise at its current rate. In addition, there are at least 25 residential structures that
are seaward of the 200‐foot line, and are likely to be affected by sea level rise sooner than
others.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
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and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.12‐1 (below
Table 7.5.12‐1
Sea Level Change Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Sea Level
Low
Low/Moderate
Change

Infrastructure

Service Delivery

Low/Moderate

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Elevation of at‐risk assets and infrastructure
Coordinated efforts between local, state, and federal entities that monitor shoreline and
sea level changes

7.5.13

Severe Winter Storm

Background and Vulnerability
Heavy accumulations of ice can bring down trees and topple utility poles and communication
towers. Ice can disrupt communications and power for days while utility companies repair
damage. Even small accumulations of ice can be severely dangerous to motorists and
pedestrians. Bridges and overpasses are particularly dangerous because they freeze before
other surfaces.
Severe winter weather can bring the City of Galveston to a standstill by inhibiting outdoor
activities, knocking down trees and utility lines, and by inhibiting transportation routes.
In addition to the threat posed to humans, severe winter storms pose a significant threat to
utility production, which in turn threatens facilities and operations that rely on utilities,
specifically climate stabilization. As temperatures drop and stay low, increased demand for
heating places a strain on the electrical grid, which can lead to temporary outages.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
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(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.13‐1 (below).
Table 7.5.13‐1
Severe Winter Storm Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Severe Winter
Low
Low/Moderate
Storm

Infrastructure

Service Delivery

Low

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Specific transportation routes that are slated for clearing or salting first
Specific water lines that are more likely to freeze or burst because of cold

7.5.14

Tsunami (updated)

Background and Vulnerability
Tsunamis can cause great property damage and loss of life where they come ashore, with most
fatalities resulting from drowning. Associated risks include water pollution, saltwater
inundation, damaged infrastructure, and extensive flooding.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.14‐1 (below).
Table 7.5.14‐1
Tsunami Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Tsunami
Low
Low

Infrastructure

Service Delivery

Low

Low
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Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Inundation areas based on tsunami wave heights, and assets contained within those
areas
Inundation areas based on tsunami wave heights, and infrastructure contained within
those areas

7.5.15

Wildfire/Urban Fire (updated)

Background and Vulnerability
The interface problem has escalated over the previous few decades, primarily due to increases in
population, urban expansion, land‐management decisions, and the desire of humans to
intermingle with nature. The relationship between humans, their property and wild land areas
has significantly increased human exposure to wild fires, and has increased the potential for
wildfires to spread to urban areas.
More and more people are choosing to live in woodland settings or near forests or rural areas.
Many of these homes are nestled in classic fire‐interface hazard zones, such as ridgelines or cliff
edges. This placement increases the property’s exposure to wild land fire interface incidents.
Years of fire suppression practices have significantly disturbed natural fire occurrences. Nature
uses wildfire as a renewal process, and suppression practices can interrupt this cycle. The result
has been a gradual but steady accumulation of understory and canopy fuels. These fuels can feed
high‐energy, intense wildfires and further increase the hazards from and exposure to wild land
interface problems.
There have been at least 4 federal emergency or fire assistance declarations related to wildfire /
urban fire that included the City of Galveston. Table 7.5.15‐1 (below) lists these declared events.
Table 7.5.15‐1
Presidential Wildfire / Urban Fire Emergency Declarations including the City of Galveston Since 1993

Wildfire / Urban Fire Declarations Including the City of Galveston, 1993‐2015
Disaster Type

Year of Declaration

Extreme Fire Hazard
Severe Wildfire Potential
Fire Emergency
Extreme Fire Hazard

1999
1998
1996
1993
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Figure 7.5.15‐1 (below) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City.
Figure 7.5.15‐1
Land Cover in Galveston, TX

Figure 7.5.15‐2 (following) shows the land use in the City of Galveston. Note the density of
development on the eastern side of the City.
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Figure 7.5.15‐2
Land Use in Galveston, TX

Methodology and Limitations
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.15‐2 (following).
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Table 7.5.15‐2
Wildfire/Urban Fire Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Wildfire / Urban
Low/Moderate
Moderate
Fire

Infrastructure

Service Delivery

Low/Moderate

Low/Moderate

Quantitative
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources. Where possible, existing qualitative data regarding risks and
vulnerabilities in Galveston was used, such as data from previous mitigation plans and other
planning efforts. As such, the data presented in this section is a hybrid of existing data and
newly developed/refined data, often extracted from local, state, and federal sources. Where
applicable, the limitations of data on such a small scale, such as a municipality, have been noted.
Where planning assumptions were made, those assumptions have been noted and detailed.
Every effort has been made to create an assessment that successfully details and quantifies the
City’s current risks and vulnerabilities.
Wildfire/Urban Fire Incident Risk to Galveston Assets
Figures 7.5.15‐3 (following) and 7.5.15‐4 (following) illustrates the current Wildland Fire
Potential, as determined by the US Forest Service, as well as the location of critical assets within
the City.
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Figure 7.5.15‐3
Galveston Assets and Wildland Fire Potential
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Figure 7.5.15‐4
Galveston Assets and Wildland Fire Potential

As seen in the preceding figures, large portions of the City as classified as either very low or
non‐burnable in their Wildland Fire Potential rating.
The City of Galveston Fire Department responds to both wildfire and urban fire calls, and
maintains records of each call for assistance received:






2011:
2012:
2013:
2014:
2015:

6,579 calls for assistance
6,736 calls for assistance
6,314 calls for assistance
7,087 calls for assistance
6,716 calls for assistance

Certain types of calls are further broken out in Table 7.5.15‐3 (following).
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Table 7.5.15‐3
Select Details of Galveston Fire Department Calls

Year

Structure
Fire

2011
2012
2013
2014
2015

154
121
97
100
99

Galveston Fire Department Calls 2011‐2015
Vehicle
Electrical
Dumpster Brush
Fire
or
or Rubbish Fire
Equipment Fire
23
249
70
16
34
125
71
14
29
111
65
11
36
133
76
14
42
139
56
10

Grass
Fire
61
29
27
20
17

Natural
Vegetation
Fire
10
13
3
4
1

Wildfire/Urban Fire Risk to Galveston Historic Assets
Fire is a hazard of concern to historic structures. Most of the historic structures in Galveston,
and almost all the residential historic structures, are wood frame construction that catch and
burn easily. This increases their vulnerability to fire dramatically over residential structures
construction of more fire‐resistant materials.
In addition to the vulnerability of the structures themselves, the threat of fire spreading
through historic neighborhoods is also a concern. This is what happened during the Great
Galveston Fire of 1885. In that fire, 568 structures were lost, with damages incurred over 42
City blocks. Figure 7.5.15‐5 (following) illustrates the path of the 1885 Fire in relation to the
currently‐designated historic neighborhoods and residences in the City of Galveston.
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Figure 7.5.25‐5
Historic Structures and Neighborhoods in Galveston and the Path of the 1885 Fire

Based on the historic accounts of the fire, and using the most current median home price in
Galveston, it is possible to estimate the potential loss if such an event were to occur today. If
the 1885 fire were to happen today, and the structures in the same locations were to burn, this
would mean an estimated property loss of at least $4,608,688 (2015 dollars).
Table 7.5.15‐4 (below and following) provides details of the wildland fire potential exposure of
the City’s historic assets.
Table 7.5.15‐4
Galveston Historic Assets Wildland Fire Potential Exposure

Galveston Historic Assets and Wildland Fire Exposure
Historic Property Name
Designation
WFP Class
Lasker Home for Homeless Children National
Non‐Burnable
Building at 1925‐1927 Market
National
Non‐Burnable
Street
Building at 1921‐1921 1/2 Avenue
National
Non‐Burnable
D
City Hall
National
Non‐Burnable
Eiband's
National
Non‐Burnable
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Galveston Historic Assets and Wildland Fire Exposure
Historic Property Name
Designation
WFP Class
House at 2528 Postoffice St.
National
Non‐Burnable
I.O.O.F. Lodge
National
Non‐Burnable
Marschner Building
National
Non‐Burnable
Model Laundry
National
Non‐Burnable
Pix Building
National
Non‐Burnable
Reedy Chapel‐AME Church
National
Non‐Burnable
Robinson Building
National
Non‐Burnable
Rosenberg Library
National
Non‐Burnable
Scottish Rite Cathedral
National
Non‐Burnable
Star Drug Store
National
Non‐Burnable
Texas Building
National
Non‐Burnable
City National Bank
National
Non‐Burnable
First Evangelical Lutheran Church
National
Non‐Burnable
House at 2017‐2023 Avenue I
National
Non‐Burnable
Jean Lafitte Hotel
National
Non‐Burnable
Merimax Building
National
Non‐Burnable
Shaw, M. W., Building
National
Non‐Burnable
U.S. National Bank
National
Non‐Burnable
Ashton Villa
National
Non‐Burnable
Beissner, Henry, House
National
Non‐Burnable
Bishop's Palace
National
Non‐Burnable
Galveston Orphans Home
National
Non‐Burnable
Galvez Hotel
National
Non‐Burnable
Grace Episcopal Church
National
Non‐Burnable
Grand Opera House
National
Non‐Burnable
Hagemann, John, House
National
Non‐Burnable
McKinney‐McDonald House
National
Non‐Burnable
Menard, Michel B., House
National
Non‐Burnable
Old Galveston Customhouse
National
Non‐Burnable
Powhatan House
National
Non‐Burnable
St. Mary's Cathedral
National
Non‐Burnable
St. Joseph's Church
National
Non‐Burnable
Trueheart‐Adriance Building
National
Non‐Burnable
Williams, Samuel May, House
National
Non‐Burnable
Ashbel Smith Building
National
Non‐Burnable
First Presbyterian Church
National
Non‐Burnable
Kempner, Daniel Webster, House
National
Non‐Burnable
Sealy, George, House
National
Non‐Burnable
Trinity Protestant Episcopal Church National
Non‐Burnable
Sweeney‐Royston House
National
Non‐Burnable
Steffens‐‐Drewa House Complex
National
Non‐Burnable
Willis‐‐Moody Mansion
National
Non‐Burnable
Hutchings, Sealy, House
National
Non‐Burnable
Illies Building‐‐Justine Apartments
National
Non‐Burnable
Melrose Apartment Building
National
Non‐Burnable
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Historic Property Name
Designation
WFP Class
Galveston US Post Office, Custom
National
Non‐Burnable
House and Courthouse
Levy, E.S., Building
National
Non‐Burnable
2512 Ave P 1/2
Local
Non‐Burnable
2012 29th St
Local
Non‐Burnable
The Christian Wolfer House
Local
Non‐Burnable
Garten Verein
Local
Non‐Burnable
Samuel May Williams Home
Local
Non‐Burnable
Hitchcock House
Local
Non‐Burnable
Ashton Villa
Local
Non‐Burnable
Sealy Garage
Local
Non‐Burnable
City Hall
Local
Non‐Burnable
2125 Church
Local
Non‐Burnable
Texas Building
Local
Non‐Burnable
2219 Market
Local
Non‐Burnable
J Reymershoffer Building
Local
Non‐Burnable
Tremont Hotel
Local
Non‐Burnable
30th St Pump Station
Local
Non‐Burnable
Galveston Cemetery
Local
Very Low
Galveston Cemetery
Local
Very Low
Medical Arts Building
Local
Non‐Burnable
Smith House
Local
Non‐Burnable
Purity Ice Cream Sign
Local
Non‐Burnable
John Davidson Samuel Moore
Local
Non‐Burnable
Penland House
Schmidt House
Local
Non‐Burnable
Mt. Olive Missionary Baptist Church Local
Non‐Burnable
Alley House
Local
Non‐Burnable
Star State Co No.3 Fire House
Local
Non‐Burnable

Wildfire/Urban Fire Risk to Galveston Critical Facilities
The below and following table (Table 7.5.15‐5) provides details of the wildland fire potential
exposure of Galveston critical assets.
Table 7.5.15‐5
Galveston Critical Assets Wildland Fire Potential Exposure

Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

Office

Administration

Office/Shop/Fence/Flag Pole

Administration

Offices/Terminal

Airport

Runway Lights

Airport

WFP Class
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
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Values
$0

$100,000

$961,875

$75,000

$1,265,625

$200,000

$405,000

$200,000
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Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

Office

Administration

Control Tower/Generator

Airport

City Hall/Tower

City Hall

EMS Station

EMS

Fire Station #8

Fire Station

Fire Station #2

Fire Station

Fire Station #7

Fire Station

Fire/EMS Station #5

Fire Station

Fire Department Station #4
Diesel Storage Tank
Gas Building

Fire Station
Fuel
Fuel

Auto Repair

Garage

Parking

Garage

Maintenance Bldg

Garage

Dwelling

Housing

Dwelling

Housing

Dwelling

Housing

Dwelling

Housing

Police Property Room/Fence

Law Enforcement

Public Safety Building/Flag
Pole/Generator

Law Enforcement

Police Department

Law Enforcement

Comfort Station
Lights
Playground Equipment

Parks & Recreation
Parks & Recreation
Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

WFP Class
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
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Asset
Values

Content
Values
$0

$100,000

$1,703,502

$200,000

$4,583,576

$1,000,000

$297,500

$0

$242,142

$75,000

$276,587

$75,000

$471,162

$50,000

$0

$150,000

$3,895,594
$18,043
$26,244

$100,000
$120,000
$0

$1,387,446

$200,000

$120,046

$0

$165,255

$50,000

$115,330

$0

$146,597

$0

$153,773

$0

$157,874

$0

$76,579

$30,000

$4,400,073

$950,000

$5,080,058

$992,380

$80,167
$30,755
$25,629

$0
$0
$0

$41,006

$0

$32,805

$0

$35,880

$0

$55,358

$0

$26,654

$0

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

Office

Administration

Lights
Lights
Lights
Lights
Lights

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Lights

Parks & Recreation

Playground Equipment

Parks & Recreation

Lights

Parks & Recreation

Recreation Center

Parks & Recreation

Playground Equipment

Parks & Recreation

Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment

Parks & Recreation
Parks & Recreation

Pavilion‐Basketball

Parks & Recreation

Recreation Center

Parks & Recreation

Playground Equipment

Parks & Recreation

Pavilion

Parks & Recreation

Generating Plant Bldg

Public Utilities

Elec/Control Building/Generator

Public Utilities

Lift Station #1

Public Utilities

Lift Station #2
Lift Station #3
Lift Station #4

Public Utilities
Public Utilities
Public Utilities

Lift Station #5

Public Utilities

WFP Class
Non‐
burnable
Very Low
Very Low
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Low
Very Low
Very Low
Non‐
burnable
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Asset
Values

Content
Values
$0

$100,000

$20,503
$49,208
$20,503
$20,503
$16,403

$0
$0
$0
$0
$0

$61,509

$0

$61,509

$0

$61,509

$0

$25,629

$0

$46,132

$0

$25,629

$0

$26,654

$0

$1,750,762

$150,000

$98,415

$0

$49,737,198

$1,000,000

$71,761

$0

$266,131

$0

$3,249,540

$150,000

$512,578

$0

$86,831

$0

$392,840

$120,000

$98,415

$82,000

$50,233

$0

$30,755
$43,057
$32,805

$0
$0
$0

$43,057

$0

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

Office

Administration

Lift Station #6

Public Utilities

Main Bldg/Control Blower

Public Utilities

Lift Station #2A

Public Utilities

Lift Station #6

Public Utilities

Lift Station #7

Public Utilities

Lift Station #21

Public Utilities

Lift Station #29

Public Utilities

Lift Station #1
Lift Station #3

Public Utilities
Public Utilities

Lift Station #7

Public Utilities

Lift Station #5
Lift Station #6
Lift Station #4

Public Utilities
Public Utilities
Public Utilities

Public Works

Public Works

Sanitation Office

Public Works

Office Building

Recycling

Storage/Construction Office

Storage

Traffic Sign Bldg

Storage

Computer Equipment

Storage

Storage (Old Fire Station)

Storage

Chlorine Bldg

Storage

Workshop/Storage

Storage

Phone Systems

Support

Radio/Electronic Equipment

Support

Scale House
Rentals/Fence
Rentals

Support
Support
Support

Printing Office

Support

Generator & Shelter

Support

WFP Class
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
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Asset
Values

Content
Values
$0

$100,000

$30,755

$0

$72,171

$125,000

$112,767

$0

$151,006

$0

$136,756

$0

$128,760

$0

$84,575

$0

$102,516
$102,516

$0
$0

$102,516

$0

$102,516
$102,516
$102,516

$0
$0
$0

$2,121,253

$200,000

$421,749

$50,000

$66,635

$25,000

$50,643

$0

$109,692

$300,000

$0

$1,000,000

$304,164

$0

$5,228

$0

$7,996

$0

$0

$450,000

$0

$692,380

$27,884
$139,011
$55,769

$0
$0
$0

$41,006

$50,000

$81,910

$0

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

WFP Class

Office

Administration

Offices/Bus Repair/Tower/Fence

Transit

Trolley Barn

Transit

Digester

Water/Wastewater

Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low

Blower Bldg/Office/Generator

Water/Wastewater

Chlorine Building
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen

Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

30th St Pump Station

Water/Wastewater

Pump House

Water/Wastewater

Pump Station

Water/Wastewater

Pump Station

Water/Wastewater

Pump/Blower Bldg

Water/Wastewater

Sewage Lift Pump House

Water/Wastewater

Thickner Tank

Water/Wastewater

Parts Storage

Water/Wastewater

Sludge Press Building

Water/Wastewater

190k gal Clarifier Tank
84k gal Digester Tank

Water/Wastewater
Water/Wastewater

15k gal Pressure Tank

Water/Wastewater

15k gal Pressure Tank

Water/Wastewater

160k gal Aerator Tank

Asset
Values

Content
Values
$0

$100,000

$3,796,875

$200,000

$911,250

$50,000

$102,516

$0

Very Low

$1,290,672

$1,200,000

$21,842
$124,044
$124,044
$124,044
$355,524
$124,044

$0
$0
$0
$0
$0
$0

$1,264,428

$100,000

$72,376

$400,000

$156,541

$92,000

$114,202

$0

$297,295

$500,000

$57,614

$0

$124,044

$0

$361,778

$100,000

$1,537,734

$0

$439,690
$128,247

$0
$0

$48,387

$0

$48,387

$0

Water/Wastewater

Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Very Low

$419,084

$0

SBR/Headworks/Chlorine/Digester

Water/Wastewater

Very Low

$517,396

$0

SBR
Treatment/Sludge/Aeration/Controls

Water/Wastewater

Very Low

$638,467

$0

Operations Building/Generator

Water/Wastewater

Very Low

$848,829

$20,000
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Asset
Values

Content
Values

Galveston Critical Asset

Asset Type

WFP Class

Office

Administration

Non‐
burnable

$0

$100,000

460k gal Ground Water Tank #1

Water/Wastewater

Very Low

$289,402

$0

460k gal Ground Water Tank #2

Water/Wastewater

Very Low

$289,402

$0

Main Bldg

Water/Wastewater

$6,663,516

$150,000

Generator Bldg/Generator #1

Water/Wastewater

$1,332,703

$0

Generator Bldg/Generator #2

Water/Wastewater

$1,332,703

$0

Disinfectant Bldg/Chlorination
System

Water/Wastewater

$1,145,612

$0

Flow Control Bldg & Equipment

Water/Wastewater

$86,113

$0

Improvements & Equipment

Water/Wastewater

$6,216,137

$0

Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable

Risk Assessment Conclusions
The City has significant physical assets, all of which are exposed to the fire hazard, and all of
which are vulnerable to fire and loss.
Data to collect to improve this methodology prior to the next Plan update includes:



Data regarding building construction (materials, protection systems, etc.)
Data regarding fire protection systems within individual buildings, particularly those
where flammable or combustible materials are routinely used or stored

7.5.16 Tropical Systems and Hurricanes (updated and separated)
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
hurricanes and tropical systems. As a barrier island, winds from tropical systems reach the City
before the mainland, leaving the City to absorb the brunt of the winds. Galveston also receives
winds from storms that move from the mainland into the Gulf of Mexico.
Table 7.5.16‐1 (following) provides information regarding Presidential Disaster Declarations
involving tropical systems and hurricanes that have included the City of Galveston. Note that
this list is representative, and does not include all declared events known to have occurred in
Galveston. For a more complete listing of occurrences, please see Section 6.
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Table 7.5.16‐1
Presidentially‐Declared Extreme Wind Disasters in the City of Galveston Since 1961

Declared Extreme Wind Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane

2008
2008
2008
2005
2005
2003
2002

Hurricane

2001

Hurricane

1998

Hurricane
Hurricane

1983
1961

Disaster or Emergency
Declaration Number
DR‐1791 ‐ Hurricane Ike
EM‐3294 – Hurricane Ike
EM‐3290 – Hurricane Gustav
DR‐1606 – Hurricane Rita
EM‐3261 – Hurricane Rita
DR‐1479 – Hurricane Claudette
DR‐1434 – Tropical Storm Fay
DR‐1379 – Tropical Storm
Allison
DR‐1245 – Tropical Storm
Frances
DR‐689 – Hurricane Alicia
DR‐118 – Hurricane Carla

Table 7.5.16‐3 (below) details the anticipated wind speeds based on tropical events. This
information was obtained from HAZUS‐MH in 2010 and affirmed in 2016.
Table 7.5.16‐3
Extreme Wind Recurrence Intervals

Anticipated Wind Speeds Based on Recurrence Intervals
In MPH:
Average
Minimum
Maximum
Maximum
Variation

10 Year
Event

20 Year
Event

50 Year
Event

100 Year
Event

200 Year
Event

500 Year
Event

67
64
74

86
82
97

111
107
116

124
123
125

133
131
134

144
137
149

1000
Year
Event
151
149
155

10

15

9

2

3

12

6

Figure 7.5.16‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
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Figure 7.5.16‐1
Land Cover in Galveston, TX

Figure 7.5.16‐2 shows hurricane history in the City, based on NCDC data.
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Figure 7.5.16‐2
Historic Hurricane Track in Galveston

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.16‐4 (below).
Table 7.5.16‐4
Tropical systems and Hurricanes Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Infrastructure
Safety
Tropical Systems
Moderate
Moderate/High
Moderate
and Hurricanes

Service Delivery
Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.16‐4 (below).
Table 7.3.16‐4
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.16‐5 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.16‐5
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.16‐6 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.16‐6
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.16‐7 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.16‐7
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.16‐8 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.16‐8
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077
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Interruption
$571
$17,641
$118,700
$268,158
$400,462
$604,183
$723,188
$8,380
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HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.16‐9 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 5.3.16‐9
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Figure 7.5.16‐3 (following) illustrates the probable exposure of the City of Galveston to 100‐
year hurricane wind fields, as determined by HAZUS.
Figure 7.5.16‐4 (following) shows the wind field exposure for the City of Galveston for a 1000‐
year return interval event – the equivalent of a strong Category 4 hurricane on the Saffir‐
Simpson Scale.
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Figure 7.5.16‐3
Probable 100‐Year Hurricane Wind Field – Galveston Island
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Figure 7.5.16‐4
Probable 1000‐Year Hurricane Wind Field – Galveston Island

In consideration of the City’s significant historic building stock, probabilistic scenario images
were generated for the 100‐year and 100‐year events and identified historic structures and
neighborhoods. These images are shown in Figures 7.5.16‐5 and 7.5.16‐6 (following).
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Figure 7.5.16‐5
Probable 100‐Year Hurricane Wind Field – Historic Structures ‐ Galveston Island
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Figure 7.5.16‐6
Probable 1000‐Year Hurricane Wind Field – Historic Structures ‐ Galveston Island

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from tropical and
hurricane events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building

7.5.17 Tornadoes (updated and separated)
Background and Vulnerability
The City of Galveston has a documented history of exposure to and damages from tornadoes.
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Figure 7.5.17‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
Figure 7.5.17‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.17‐2 (below).
Table 7.5.17‐2
Tornado Risk Assessment: Tornadoes – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Tornado
Moderate
Moderate/High

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.17‐3 (below).
Table 7.3.17‐3
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.17‐4 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.17‐4
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.17‐5 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.17‐5
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.17‐6 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.17‐6
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.17‐7 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.17‐7
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077
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Interruption
$571
$17,641
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HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.17‐8 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 5.3.17‐8
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from tornado events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building
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7.6 The City of Galveston’s Future Development Trends
As a barrier island, Galveston has a finite potential for growth and future development. All
unincorporated areas of the island have been incorporated by the City, or are within the City
limits of the Village of Jamaica Beach or are within the area owned by the State of Texas and
managed as the Galveston Island State Park. No unincorporated areas remain on the island.
Prior to Hurricane Ike, the City’s population was approximately 58,000, with an annual growth
rate of less than one‐half percent. Hurricane Ike, and the resulting displacement of the
population, has reduced the population of the City by almost 20%. As of the 2010 Census, the
population of Galveston was 47,745. The 2014 Census estimate raised that population slightly,
to 49,608.
Galveston is home to a high number of renters and rental properties, as is common in beach
communities. The 2010 Census places the number of housing units in the City at 32,368, with
47.1% being single family housing and 41.3% being multi‐unit structures.
In the aftermath of the 1900 Storm, the City’s leaders recognized the importance of mitigation
in their reconstruction of the City. The same can be said of the City’s current leaders and staff.
With so much of the City damaged by Hurricane Ike, concerted efforts have been made to
reconstruct the City to be safer and more resilient to future disasters. The City has made the
following advancements since Hurricane Ike, which provide mitigation for future development:







Adoption and enforcement of the 2012 edition of the International Building Code
Joining the NFIP’s CRS Program (currently a Class 7 Community)
Update to the City’s Historic Preservation Plan
Update to the City’s Comprehensive Plan
Completion of most of the Ike‐related repairs and replacements necessary after the
storm
Update to the Design Standards for Historic Properties to address storm mitigation

The City leaders and staff recognize that Galveston is a high hazard area, subject to impacts
from a variety of hazards, and that all future development and construction must be done in
such a way that the best possible protection is afforded to all future development.
Since the previous Plan, there have not been any significant changes in development in the
City’s vulnerable areas that have increased the City’s overall hazard vulnerability. In fact, the
City has taken steps to decrease the vulnerability of future development (where practical and
feasible, given the finite potential for growth and future development in the City) through
several activities, including the implementation of the mitigation strategy defined in this Plan
and joining the NFIP’s Community Rating System (CRS) Program. While it is too soon to
determine the exact impact that these actions have had or will have on future development in
vulnerable areas, it is expected that they will produce a reduction in vulnerability in the future.
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7.7 Summary of Risk Assessment
Mitigation planning is intended to provide a rational method for communities to decide what
actions to take to reduce their risks from natural hazards. Aside from determining and
implementing specific actions, perhaps the most important part of a mitigation plan is the risk
assessment, which establishes an objective basis for prioritizing mitigation efforts. The risk
assessment in this plan has been used to identify the most significant risks to the City of
Galveston; to identify the hazards that present the most potential damage to the City and its
assets; to ascertain where additional study may be warranted; and to begin identification and
prioritization of mitigation actions.
As noted earlier, the purpose of risk assessment is to identify and quantify future losses from
hazards, with the goal of using this information to determine what actions should be taken to
reduce damages. Although the City has more risk from flooding and extreme wind than it does
from coastal erosion and hazardous materials incidents, there are several factors that must be
considered and understood in order to put this into context. First, because Galveston is a
barrier island, what would be a minor risk for a mainland community becomes a more
significant risk to this community, who has significant potential for isolation. Infected cruise
ship passengers, disembarking from a cruise at the Port of Galveston, have the potential to
cause a biologic incident in this tourist community. Cascading events are a planning
consideration for the City. A routine hazard, such as a traffic accident on the I‐45 Causeway, has
the potential to become a serious risk to the community, should the event be prolonged and
require closure of the Causeway.
Second, there are no large‐scale mitigation measures that would reduce risks to all properties
simultaneously, so facility or site‐specific risks are a more significant consideration than City‐
wide ones in most cases. It is necessary to calculate risks on a facility or site‐specific basis as a
first step in developing meaningful mitigation actions.
Section 09 of this Plan outlines a series of general recommendations that can be implemented
on a City‐wide basis as well as a wide range of specific, prioritized actions have been identified
for specific facilities as part of the planning process. The HMPSC used the present risk
assessment section as the basis for these actions and priorities. However, it has been generally
acknowledged that additional information would be helpful in refining and updating this Plan in
the years to come. Section 09 also includes actions to aid in this process that include the
following general steps:



Continue to identify and prioritize critical facilities, facilities with high occupancies, or
operations with high value
Study hazard vulnerabilities based on specific conditions and hazards at sites for the
highest priority sites and facilities
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Undertake detailed risk assessments for critical facilities in hazard areas, and with
known vulnerabilities
Develop appropriate, cost‐effective mitigation measures for the facilities.

1
Trulia. Galveston, Texas Market Trends. Retrieved 02.10.16 from
http://www.trulia.com/real_estate/Galveston-Texas/market-trends/
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Section 08
Capability Assessment
Contents of this Section
8.1
8.2
8.3
8.4
8.5

Overview and Purpose of Capability Assessment
Federal and State Regulations, Plans, and Funding Sources (Updated)
Capability Assessment for the City of Galveston (Updated)
Current and Completed Hazard Mitigation Programs and Projects (Updated)
Summary (Updated)

8.1 Overview and Purpose of Capability Assessment
Although not required by Disaster Mitigation Act of 2000 or the Interim Final Rule, a capability
assessment adds context to a mitigation plan by providing an inventory of a municipality’s
programs and policies, and an analysis of its capacity to carry them out. These are essential for
developing mitigation strategies and actions.
The capability assessment is an evaluation of the City of Galveston’s resources to identify, review,
and analyze what the City is currently doing to reduce losses, and to identify the framework that is
in place for the implementation of new mitigation activities. In addition, this assessment is useful in
gauging whether the current local organizational structures and inter‐jurisdictional coordination
mechanisms for hazard mitigation could be improved, and how.
This local capability is extremely important, because the municipal officials know their own
landscape best. Additionally, many of the most critical and effective hazard mitigation strategies
and programs, including enforcement of floodplain management, building codes, and land‐use
planning, require a strong local role to achieve effective implementation.

8.2 Federal and State Regulations, Plans, and Funding Sources
8.2.1 Inventory of Regulations, Plans and Funding Sources
This section, including Table 8.2‐1 (following), provides summary information regarding selected
federal and state regulations, plans, and sources of funding that are relevant to mitigation projects
and activities. For additional information regarding funding availability and eligibility, and other
details about and evaluations of these regulations, plans, and funding sources, see Section 05.
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Table 8.2‐1
Summary of Selected State and Federal Regulations, Plans, and Funding Sources Relevant to Natural
Hazard Mitigation
Summary of Selected State and Federal Regulations, Plans, and Funding Sources Relevant to Natural Hazard
Mitigation
Eligible Recipient
Federal,
Program
Title
State, or
Administered By
Other
Type
City
Local
Agency
FEMA Public Assistance
Texas Division of
Funding
Federal
X
X
(PA) Grants
Emergency Management
FEMA Hazard Mitigation
Texas Division of
Funding
Federal
X
X
Grant Program (HMGP)
Emergency Management
FEMA Pre‐Disaster
Texas Division of
Funding
Federal
X
Mitigation (PDM) Grants
Emergency Management
FEMA/NFIP Flood
Texas Water Development
Mitigation Assistance
Funding
Federal
X
Board
(FMA) grants
Housing and Urban
Development
Texas Department of Rural
Community
Funding
Federal
X
Affairs
Development Block
Grants (CDBG)
US Army Corps of
Engineers (USACE)
Funding
Federal
USACE
X
Grants
Shore Protection
Funding
State
Texas General Land Office
X
X
Program
Farmland Preservation
Funding
State
Texas General Land Office
X
X
Program
Beach Maintenance
Funding
State
Texas General Land Office
X
X
Reimbursement Fund
Coastal Erosion Planning
and Response Act
Funding
State
Texas General Land Office
X
X
(CEPRA)
Texas Coastal Impact
Funding
Federal
Texas General Land Office
X
X
Assistance Program
Texas Coastal
Management Program
Funding
Federal
Texas General Land Office
X
X
(CMP)
Galveston Bay Estuary
Texas Commission on
Funding
State
X
X
Grant Program
Environmental Quality
Statewide
Federal,
Texas Department of
Transportation
Funding
X
X
State
Transportation
Enhancement Program
Nonpoint Source Grant
Texas Commission on
Funding
State
X
X
Program
Environmental Quality
Clean Water State
Texas Water Development
Revolving Fund Loan
Funding
State
X
X
Board
Program
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For many federal grants, the non‐federal share can be borne by the state as recipient, the recipient
community as sub‐recipient or in some cases, the property owner who benefits from the project. In
the case of property acquisitions intended to remove properties that experience repetitive flood
losses, the non‐federal share is typically covered by the property owner, who accepts the federal
share of 75% and documents the lost equity as the non‐federal share. This can serve as a
disincentive to participation.

8.2.2 Implications of TDEM Capabilities on Local Hazard Mitigation Efforts
State capabilities for hazard mitigation have an impact on the efficacy of local planning and
implementation. In accordance with the State of Texas Hazard Mitigation Plan (SHMP), the focus of
Texas’s statewide hazard mitigation effort is centered in the TDEM, with floodplain management
responsibilities located under the authority of the Texas Water Development Board (TWDB).
The SHMT is led by the Texas Division of Emergency Management (TDEM), and is comprised of
representatives from a variety of state agencies. The table below (8.2.2‐1) lists the agencies and
their responsibilities, as applicable to hazard mitigation.
Table 8.2.2‐1
State Hazard Mitigation Team
Agency
Texas Division of
Emergency Management

General Land Office
Railroad Commission of
Texas

Texas Department of Rural
Affairs

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
To formulate the state’s mitigation policies pursuant to the
principles and protocols of the National Incident Management
System (NIMS), and to ensure capability for integration with
TDEM
the National Response Framework; to these ends, the state
views mitigation in terms of pre‐event and post‐event
mitigation
Coordinates coastal mitigation issues such as prevention of
GLO
beach erosion and improvement of the quality of beaches
Provides expertise regarding the location and movement of
RRC
crude petroleum products within Texas that could affect
mitigation proposals

TDRA

Provides policy and possible resources to local governments
to prevent households from locating or relocating into flood‐
prone areas or zones.
Administers a grant program to assist local governments with
the 25% match for approved HMGP projects.
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Agency

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
Educates insurance policyholders on methods and types of
products to reduce losses, claims, lower insurance premiums,
and increase the availability of insurance.
Works with the manufacturing industry to develop and
promote better construction products (e.g., roofing materials,
window protection, storm clips, and other safety products).

Texas Department of
Insurance

TDI

Texas Department of
Transportation

TxDOT

Texas Forest Service

TFS

Texas Parks and Wildlife
Department

Texas Water Development
Board

TPWD

TWDB

Works with local governments to develop a windstorm
resistant building code and assists those entities in inspecting
structures for compliance.
Develops and distributes to Texans warning and mitigation
brochures that provide key information in response to threats
and protection against damage from hurricanes, floods,
tornadoes, frozen pipes, thunderstorms, lighting, hail, and
wildfires.
Provides engineering assistance (i.e. department standards,
specifications, or advice on roadway maintenance) to local
governments related to the Hazard Mitigation Grant Program
(HMGP)
Provides technical assistance to local governments for fire
protection in rural areas.
Assists rural communities in wildfire prevention and adoption
of mitigation measures such as the use of fire hydrants.
Reviews mitigation proposals to assess impact on the
environment and wildlife in Texas.
Provides technical assistance to local jurisdictions on
floodplain management.
Provides matching grants for feasibility level flood protection‐
planning studies.
Provides funding for flood control planning projects

Lower Colorado River
Authority
Texas Municipal League
Inter‐Governmental Risk
Pool
(non‐voting member)
Emergency Management
Association of Texas

LCRA

TML
EMAT

Administers the Flood Mitigation Assistance Program and
Severe Repetitive Loss Program
The sponsoring agency for the Texas Floodplain Managers
Association, a private non‐profit group with the goal of
furthering the education, proficiency, and standing of
floodplain managers in Texas, and public
knowledge/involvement in floodplain management at the
local level.
Provides Texas municipalities and other units of local
government with a stable source of risk financing and loss
prevention services at the lowest cost consistent with sound
business practices.
Provides local government input through a rotating member
assignment
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Agency

Texas Geographical Society

Texas Tech University
Wind Science and
Engineering Research
Center
National Storm Shelter
Association

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
A membership‐based non‐profit corporation created to unite
public, private, and nonprofit resources to improve
government services and education through collaborative
TGS
development and use of digital geographic data and related
technologies. The TxGS uses geographic data and Geographic
Information System (GIS) technologies to help improve
government services and education in and around Texas
The WISE Research Center at Texas Tech University is focused
TTU WISE
on wind research, education and information outreach. The
Center develops information on windstorm disaster
mitigation and other wind‐related subjects.
The National Wind Storm Association determines the quality
of manufactured and constructed storm shelters for
NSSA
protecting people from injury or loss of life from the effects of
tornadoes, hurricanes and other devastating natural disasters.

Historically, TDEM has had limited staffing to address the hazard mitigation needs of the state.
Additional staff is needed to expand the ability of the state to support local and county mitigation
planning needs. This additional staffing should have the necessary expertise for the timely
development of hazard mitigation plans and to facilitate the implementation of risk reduction
projects statewide.

8.3 Capability Assessment for the City of Galveston
Texas has 254 counties— the most nationwide. Each county runs on Commissioners' Court system
consisting of four elected commissioners (one from each of four precincts in the county, roughly
divided according to population) and a county judge elected at large from the entire county. County
government runs similar to a "weak" mayor‐council system; the county judge has no veto authority,
but votes along with the other commissioners.
Although Texas permits cities and counties to enter inter‐local agreements to share services, the
state does not allow consolidated city‐county governments, nor does it have metropolitan
governments. Counties are not granted home rule status; their powers are strictly defined by state
law. The state does not have townships— areas within a county are either incorporated or
unincorporated. Incorporated areas are part of a municipality. The county provides limited services
to unincorporated areas. Municipalities are classified either "general law" cities or "home rule". A
municipality may elect home rule status once it exceeds a population of 5,000 with voter approval.
Municipal elections are nonpartisan, as are elections for school boards and community college
districts.
Municipal home rule originated in the US during the Progressive Era of the early twentieth century.
It enables voters to adopt a home rule charter that acts as the city's basic governing document over
local issues; however, state law continues to prevail over statewide concerns. The goal of municipal
home rule is to facilitate local control and minimize state intervention into municipal affairs.
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After the 1900 Hurricane, Galveston originated the city commission form of city government (which
became known as the "Galveston Plan"), although the City has since adopted the council‐manager
form of government. Galveston's City Council serves as the City's legislative branch, while the city
manager works as the chief executive officer and the municipal court system serves as the city's
judicial branch. The City Council and Mayor promote ordinances to establish municipal policies. The
Galveston City Council consists of six elected positions, each derived from a specified electoral
district. Each City Council member is elected to a two‐year term, as is the Mayor. The City Council
appoints the city manager, the city secretary, the city auditor, the city attorney, and the municipal
judge. The City's tax collector is determined by the City Council and is outsourced to Galveston
County. The city manager hires employees, promotes development, presents and administers the
budget, and implements City Council policies.
The following language is from the City of Galveston’s municipal charter:
Section 4. General Powers of the City. The City is and shall continue to be a Home Rule City,
with full power of local self‐government, including the right to amend this Charter, as provided by
the Constitution and laws of this State. It shall have all the powers granted to cities by the
Constitution and laws of the State of Texas, together with all the implied powers necessary to carry
into execution such granted powers. It may use a corporate seal; may sue and be sued; may contract
and be contracted with; may cooperate with the government of the State of Texas or any agency or
political subdivision thereof, or with the Federal government or any agency thereof, to accomplish
any lawful purpose for the advancement of the interest, welfare, health, morals, comfort, safety, and
convenience of the City and its inhabitants; may acquire property within or without it corporate
limits for any municipal purposes in fee simple, or in any lesser interest or estate, by purchase, gift,
devise, lease or condemnation, and subject to the provisions of this Charter, may sell, lease, mortgage,
hold, manage, and control such property as may now or hereafter be owned by it; may pass
ordinances and enact such regulations as may be expedient for the maintenance of the good
government, order, and peace of the City, and the welfare, health, morals, comfort, safety and
convenience of its inhabitants; and shall have and may exercise all municipal powers, functions,
rights, privileges and immunities of every kind and nature whatsoever, subject only to the limitations
imposed by the State Constitution, the State Laws, and this Charter. The enumeration of particular
powers by this Charter shall not be deemed to be exclusive and, in addition to the powers
enumerated or implied herein, it is intended that the City shall have and may exercise all powers that,
under the Constitution and Laws of this State, it would be competent for this Charter specifically to
enumerate.

Based on the above excerpt from the City’s charter, the City has the authority to enact policies and
ordinances within their jurisdiction.
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8.3.1 Relevant Ordinances and Policies
This section, as illustrated in Table 8.3.1‐1 (below and following), provides a list of City of Galveston
ordinances and policies that have the potential to affect and/or promote mitigation within the City.
Understanding which ordinances and policies affect mitigation in the City is a helpful component to
mitigation activities. These include zoning, floodplain management, and building code enforcement.
Table 8.3.1‐1
City of Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Ordinance/Plan/Policy

Zoning Ordinances

Subdivision Ordinance

Building Codes, Permitting
and Inspections

Flood Damage Prevention
Ordinance
Stormwater Management
Plan
Water and Sewer Master
Plans

Hazard Mitigation Plan
Emergency Management /
Operations Plan
Continuity of Operations /
Government Plan

Description
How land use is controlled and public
health, welfare and safety is protected.
Allows the municipal government to
control and limit the type and density of
development
Regulates the development of housing,
commercial, industrial and other uses,
including associated public infrastructure,
as land is subdivided into buildable lots for
sale or future development
Regulates construction standards and
ensures enforcement of City’s adopted
standards. Galveston currently enforces the
International Building Code (IBC) from
2012.
Provides the framework for action
regarding the corrective and preventative
measures in place to reduce flood‐related
impacts
Designed to address flooding associated
with stormwater runoff, and is focused on
design and construction measures that are
intended to reduce urban flooding
The blueprints for future development of
the City’s water and sewer systems, and
considers prevention of failures to function
of both systems
The blueprint for how the City intends to
reduce the impact of natural and human‐
caused hazards on residents and assets in
the City
Outlines the responsibilities of those
responding to an emergency or disaster
and how resources are deployed
Establishes a clear chain of commence, line
of succession and plans for backup or
alternate facilities in case of an extreme
emergency or disaster
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Enforcement

Development Services

Development Services

Development Services

Development Services, Certified
Floodplain Manager
Public Works Department,
Municipal Utilities Department

Municipal Utilities Department

Development Services and
Emergency Management
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
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Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Ordinance/Plan/Policy
Evacuation / Re‐entry
Plan
Comprehensive Plan

Capital Improvement Plan

Historic Preservation Plan
Historic Structure Disaster
Response Plan

Coastal Zone Management
Plan

Description
Establishes the process by which the City
will evacuate citizens and allow for re‐entry
after a hazard event (particularly a tropical
event)
Establishes the overall vision for the City,
and helps to guide municipal decision‐
making
Guides the scheduling of spending on
Capital Improvement Projects (CIP), and
serves as a mechanism to guide future
development. Note: This planning effort has
lapsed in the aftermath of Hurricane Ike, but
will be re‐instituted as soon as possible.
Guides the City’s efforts to preserve historic
assets throughout the City
Provides information on how the City’s
historic assets will be cared for in the
aftermath of a disaster, and provides
information to property owners for ways to
protect and repair their historic properties
As part of the State’s plan, provides
information for the preservation and
protection of coastal zones; works in
conjunction with the City’s beach/dune
preservation ordinances

Enforcement
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
Development Services

Public Works Department,
Municipal Utilities Department
Development Services, Historic
Preservation Officer
Development Services, Historic
Preservation Officer

Development Services, Texas
General Land Office

In the aftermath of Hurricane Ike, the City’s Planning and Community Development department
determined that more stringent building codes and more stringent provisions to the City’s flood
damage prevention ordinance would serve to mitigate Ike‐type damages to future structures.
Having experienced flood‐related damages to more than 75% of the City’s building stock, the City
learned first‐hand the value of codes and ordinances towards effective community mitigation. To
that end, the department recommended that the City adopt the most recent version of the IBC, and
that modifications be made to the flood damage prevention ordinance that would mandate
freeboard for all new construction. The IBC 2012 is currently adopted and enforced.
As the City continues to recover from Hurricane Ike and to move towards resiliency, this Plan will
be a driving force for the strengthening and improvement of these existing policies, plans, and
programs, and for the development of additional ones that will aid in increased resiliency. By
documenting and examining the current capabilities of the City, determinations can be made
regarding where improvements may be made and opportunities for additional development may
exist.
For example, during the next five‐year update of this Plan, the City will have been a member of the
NFIP’s Community Rating System (CRS) for almost ten years. It will be possible to document
changes in the City’s floodplain management capabilities because of membership in the program
and to examine the actual impact that this program has had on the City, its floodplain management
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policies, and its overall resiliency. This will aid in better program implementation for the CRS and
for strengthening of the mitigation strategy described within this Plan.
Additionally, this capability assessment provides documentation of needed or wanted increases in
staffing and/or training, as well as for expansions of current programs. By periodically
documenting the existing capability, City leadership and management could make supported
determinations regarding training needs, staffing needs, or ways to expand current programs to
increase offerings. They could track departmental progression via project and program
implementation, to determine which staff members have strong leadership or management
characteristics, and which departments would benefit from additional training or resources. Once
adopted, the managing department will make recommendations to City leadership/management
regarding ways to increase the City’s capability via:








Staff training;
Staff education
Leadership training;
Leadership education;
Program tracking/expansion;
Loss‐avoidance assessments for large mitigation projects (post‐implementation); and
Implementation of additional projects or programs that will increase or strengthen
capability in the City.

8.3.2 Fiscal Capacity
This section, as illustrated in Table 8.3.2‐1 (following), provides a list of local funding sources
generally available to the City, with proper approvals, and determines if that funding source can be
used to affect or promote mitigation within the jurisdiction. Understanding where potential funding
sources are available to the City is a helpful component to mitigation activities.
Table 8.3.2‐1
City of Galveston Funding/Financing Sources Relevant to Hazard Mitigation
Galveston Funding/Financing Sources Relevant to Hazard Mitigation
Financial Resources
Accessible or Eligible to Use
General Fund
Yes
Development Fees
Yes
CDBG
Yes
Capital Improvements Project Funding
Yes
Authority to Levy taxes for Specific Purposes
Yes
Fees for Water and Sewer Service
Yes
Impact Fees for Homebuyers or Developers for New Developments/Homes
Yes
Federal Hazard Mitigation Grants
Yes

For a department to implement a project, the project’s costs must be compatible with the City
Finance Department’s purchasing and procurement policies. One of the policies is that the project’s
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funding source(s) must be identified. In general, City departments can apply for grants without
seeking direct City Council approval to apply, unless the grant itself dictates otherwise. City Council
must approve acceptance of the grant, however, and has final approval over all funding sources,
including donations and in‐kind contributions.
Generally, the following conditions must be met for a project to be considered for City funding:
Projects must have grant funding available that has a cost share that may be satisfied by in‐kind
donations or services, or the department must have funding in their approved budget available for
use towards the cost share. Additionally, the City may participate in projects that affect county,
state or federal infrastructure, including roads and drainage infrastructure.

8.3.3 Technical, Administrative, and Regulatory Capacity
This section provides a review of the administrative and technical resources within the City’s
departments to determine if all the necessary resources are available to Galveston to engage in
mitigation planning processes. Table 8.3.3‐1 (below and following) indicates potential resource
needs, and indicates whether the City currently has staff with that expertise or available outside
contractors.
Table 8.3.3‐1
City of Galveston Administrative and Technical Capacity
Galveston Administrative and Technical Capacity
On
Staff/Personnel Resources
Department/Agency
Staff
Planner(s) or engineer with knowledge of land
Public Works Department /Development
Yes
development and land management practices
Services
Engineer(s) or professional(s) trained in
Public Works Department / City Manager’s
construction practices related to buildings and/or
Yes
Office
infrastructure
Planners or engineer(s) with an understanding of
Public Works Department / Development
Yes
natural and/or human‐caused hazards
Services
Certified Floodplain Manager
Yes
Development Services
Surveyors
No
Outsourced when services required
Staff with education or expertise to assess the
Public Works Department / Development
Yes
community’s vulnerability to hazards
Services / Fire Marshal’s Office
Public Works Department / Development
Personnel skilled in GIS and/or Hazards US
Yes
Services
Historic Preservation Specialists
Yes
Development Services
City Manager’s Office (when no declared state
of emergency declaration is in effect)
Emergency Management Coordinator
Yes
Mayor’s Office (when state of emergency is
declared)
Emergency Response Team

Yes

Core City Staff, as identified in EOP

Disaster Program Director

Yes

City Manager’s Office
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Intra‐ and Inter‐Jurisdictional Coordination
In general, the City has good working relationships with on‐island and off‐island partners. The City
works often and well with the following entities:





The Texas Historic Commission, who aids in the identification and preservation of the City’s
historic assets
The Texas Commission on Environmental Quality, who works with the City’s Municipal
Utilities Department to ensure the City maintains regulatory compliance
The US Environmental Protection Agency, who – in conjunction with the TCEQ – also aids
the City in ensuring maintenance of regulatory compliance
Galveston County, who works with the City to provide support and resources wherever
possible, including by providing EMS services to the City

Regionalization
As a barrier island community, the City works closely with its mainland partners for regional
activities. For example, all evacuation activities are planned and coordinated at the regional level.
Without regional coordination, evacuation of the Island would be almost impossible to do with any
effectiveness.
The City also joins with its regional partners to form the Beach Erosion Task Force, which seeks to
ensure that activities are coordinated to limit the possibility of erosion from man‐made activities
wherever possible, and that erosion‐control activities are coordinated. The City also participates in
regional funding of lobbyist and engineering studies, as these activities are more effective at a
regional level than at the municipal level.
Regarding utilities, the City’s potable water supply is purchased from an off‐island regional
provider. The City also works with the Harris‐Galveston Subsidence District, and the Region H
Water Planning Group under the Texas Water Conservation Task Force.
Finally, the City belongs to the Houston‐Galveston Area Council, which provides services and
funding to local member governments.
Land Use Planning and Regulation
The City maintains and enforces stringent zoning codes and regulations. The following excerpt is
from the City’s adopted and enforced zoning regulations:
The Zoning Regulations and the Districts as herein established have been made in
accordance with a Comprehensive Plan for the purpose of promoting the health, safety, morals, for
the protection and preservation of places and areas of historical and cultural importance and
significance, and for the general welfare of the public and mainly the residents of the City. They have
been designed to regulate and restrict the height, number of stories and size of buildings and other
structures, the percentage of lot that may be occupied, the size of the yards, courts and other open
spaces, the density of population and the location and use of buildings, structures and land for
business, residence and other purposes; and in case of designated places and areas of historical and
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cultural importance, to regulate and restrict the construction, alteration, reconstruction, or razing of
buildings and other structures.

Floodplain Management
As a participant in the National Flood Insurance Program, the City is required to adopt and enforce
the minimum floodplain management standards put forth by the NFIP, which it does. Galveston
County received revised FIRMs from FEMA in 2012. In 2013, the City of Galveston joined the
Community Rating System, and is currently rated as a Class 7 Community.
Building Code Enforcement
The City has a trained code enforcement staff, knowledgeable in the codes and ordinances they are
charged with enforcing. The City staff actively enforces the applicable codes and ordinances.
Economic Development Planning
The City does not maintain a separate economic development staff or plan, though economic
development is addressed in the Comprehensive Plan. Instead, economic development is handled
primarily through two on‐island partners – The Galveston Chamber of Commerce and the Galveston
Economic Development Partnership. These two non‐profit entities provide economic development
planning and services City‐wide to both large and small businesses.
Capital Improvements Planning
While the City’s Public Works Department is responsible for Capital Improvement (CIP) planning
and projects, projects and plans for all departments are considered and contained within the plan.
Projects are determined based on municipal need, with prioritization based on recommendations
by City Staff and City Council approval. Throughout the project identification and implementation
process, consideration is given to hazard issues. In the aftermath of Hurricane Ike, many of the
identified CIP projects were reconsidered or redesigned, to ensure that the project would provide
the best possible protection from future hurricanes. For example, Lift Station #1, which had been
identified for rehabilitation prior to Ike, was reconsidered and redesigned to ensure protection to
the 500‐year flood elevation.
Land Conservation
There is no formal land conservation effort in the City at this time. Land use is addressed as part of
the City’s Comprehensive Plan, but no effort specifically addresses land conservation.

8.3.4 Overview of Relevant Statewide Mandatory Minimum Standards
Related to Local Ordinances and Policies
Texas practices home rule municipal government, meaning that much authority is given to
municipalities regarding policies and ordinances. The State does have some policies that impact
municipalities, however. These are listed in Table 8.3.4‐1 (below).
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Table 8.3.4‐1
State of Texas Policies that Impact Municipal Hazard Mitigation Efforts
Policy

State of Texas Policies that Impact Municipal Hazard Mitigation Efforts
Floodplain Management
House Bill 1018 requires Texas cities and counties to join the NFIP. The 77th
Legislature of the State of Texas amended Subchapter I, Chapter 16, Water Code, by
adding Section 16.3145 to read as follows: “The governing body of each city and
county shall adopt ordinances or orders, as appropriate, necessary for the city or
county to be eligible to participate in the National Flood Insurance Program...not
later than January 1, 2001.”

Description

The State has charged the Texas Water Development Board as the state agency
responsible for enforcement of this provision.
Policy

Building Codes

Description

The State has no formal mandate to adopt building codes, but does strongly
recommend that municipalities adopt IBC.

Policy

Critical Area Protection

Description

The Texas Water Code, which is part of the Texas Administrative Code, requires that
municipal utilities consider critical area protection in all infrastructure projects.

8.4 Current and Completed Hazard Mitigation Programs and
Projects
This section provides a review of the completed hazard mitigation projects or programs and
provides a description of potential or in‐process projects or programs and the agency or agencies
that the City worked with or is working with to complete the projects.
Table 8.4‐1
On‐going and Completed Hazard Mitigation Programs and Projects
On‐going and Completed Hazard Mitigation Programs and Projects
Program or Project

Hazard Mitigation Plan

Public Education

Description

Responsible
Department

The City is currently in the process of updating the
Multi‐Hazard Hazard Mitigation Plan.

Office of Emergency
Management

City conducts annual Hurricane Open House for
public information and education

Mayor’s Office,
Development
Department, Office
of Emergency
Management
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On‐going and Completed Hazard Mitigation Programs and Projects
Program or Project
Install Emergency Generator
at Galveston City Hall
Install Emergency Generator
at McGuire Dent Recreation
Center
Install Emergency Generator
at Fire Station #2
Install Emergency Generator
at Fire Station #7
Install Emergency Generator
at Fire Station #8
Acquisition of 60+
substantially damaged
structures on West End
Reconstruction of Main Waste
Water Treatment Plant
Mitigation of 59th Street Pump
Station

Description

Responsible
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project underway

Public Works
Departments

Project Underway

Public Works
Departments

8.5 Summary
In conclusion, capability is an area that needs attention and work within the City of Galveston. The
recognition that hazard mitigation is effective is there, and the City has demonstrated its
commitment to mitigation through the development of this Plan and through the mitigation
projects that is has both completed and identified.
As noted, there is often limited staffing available at the local level to devote to hazard mitigation
related activities. This includes project identification and data gathering; grant writing and
application development; and the subsequent project management that follows an award of a grant.
Outside assistance or an augmented staff with knowledge in hazard mitigation project management
would be beneficial in bolstering Galveston’s efforts in reducing future risks. It would also assist in
preparing better project applications that may be selected based on a competitive selection process.
Additional staff and resources also creates the ability to improve coordination at all levels of
government.

July 27, 2017 ‐ Page 8‐14

The City of Galveston, Texas
Section 09: Mitigation Action Plan

Section 09
Mitigation Action Plan
Contents of this Section
9.1
9.2
9.3
9.4

Requirement for the Mitigation Action Plan
Mitigation Goals, Objectives, and Actions (Updated)
Identification and Analysis of Mitigation Actions (Updated)
Prioritization and Implementation of Mitigation Actions (Updated)

9.1 Requirement for the Mitigation Action Plan
Requirement §201.6(c)(3): The plan shall include a mitigation strategy that provides the
jurisdiction's blueprint for reducing the potential losses identified in the risk assessment, based on
existing authorities, policies, programs and resources, and its ability to expand on and improve
these existing tools.
Requirement §201.6(c)(3)(i): [The hazard mitigation strategy shall include a] description of
mitigation goals to reduce or avoid long‐term vulnerabilities to the identified hazards.
Requirement §201.6(c)(3)(ii): [The mitigation strategy shall include a] section that identifies
and analyzes a comprehensive range of specific mitigation actions and projects being considered
to reduce the effects of each hazard, with particular emphasis on new and existing buildings and
infrastructure. [The mitigation strategy] must also address the jurisdiction’s participation in the
National Flood Insurance Program (NFIP), and continued compliance with NFIP requirements, as
appropriate.
Requirement: §201.6(c)(3)(iii): [The mitigation strategy section shall include] an action plan
describing how the actions identified in section (c)(3)(ii) will be prioritized, implemented, and
administered by the local jurisdiction. Prioritization shall include a special emphasis on the extent
to which benefits are maximized according to a cost benefit review of the proposed projects and
their associated costs.
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9.2 Mitigation Goals, Objectives, and Actions
This section contains goals, objectives, and action items for the City of Galveston Hazard Mitigation
Plan. For the purposes of this Plan, the following definitions are proposed:





Goals are general guidelines that explain what the City wants to achieve. Goals are
expressed as broad policy statements representing desired long‐term results.
Objectives (or strategies) describe strategies to attain an identified goal. Objectives are
more specific statements than goals; objectives are also usually measurable and can have a
defined completion date.
Mitigation Actions are the specific steps (projects, policies, and programs) that advance a
given objective. They are highly focused, specific, and measurable.

The hazard identification and risk assessment in Sections 06 and 07 consisted of identifying the
hazards that affect the City and the potential for damage to community assets that are vulnerable to
the hazards, including historic assets, critical facilities, and beaches. Section 08 identified the
strengths and weaknesses of state and local capabilities. The goals described below, in Table 9.3.3‐1
and following, were established and validated by the City of Galveston Hazard Mitigation Plan
Stakeholder Committee (HMPSC) members in response to these assessment results. The Committee
members considered the goals described in the 2011 City of Galveston Hazard Mitigation Plan, as
well as examples from other planning efforts, and determined the goals below to meet the
mitigation needs and vision of the City of Galveston.
The broad goals of the City of Galveston Hazard Mitigation Plan, as determined by the HMPSC, are
as follows:







Goal 1: Improve education and outreach efforts, specifically to the public, elected officials,
municipal employees and local businesses, regarding the potential impacts of hazards and
the identification of specific measures that can be taken to reduce those impacts.
Goal 2: Improve capabilities, coordination and opportunities at the municipal level to plan
and implement hazard mitigation projects, programs and activities, especially using GIS,
coordination with universities and colleges, and public/private partnerships.
Goal 3: Develop hazard mitigation policies and programs designed to reduce the impact of
natural and human caused hazards to people and property.
Goal 4: Identify and implement hazard mitigation projects to reduce the impact of hazard
events and disasters.

Specific objectives and actions to support these goals are described in Table 9.3.3‐1.
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9.3 Identification and Analysis of Mitigation Actions
9.3.1 Potential Mitigation Actions
The HMPSC has identified several hazard mitigation actions that would benefit the City. These were
identified in the HMPSC meetings, which included input from representatives of governmental
organizations, local businesses, and private citizens. These actions were determined after
consideration of a range of possible actions to mitigate the City’s vulnerabilities to the hazards
profiled in Section 06 of this Plan. The following discussion describes general categories of potential
actions, and ways they could benefit the City in mitigating their identified vulnerabilities.
Public Education and Outreach
Insurance industry and emergency management research has demonstrated that awareness of
hazards is not enough. People must know how to prepare for, respond to, and take preventive
measures against threats from hazards. This research has also shown that a properly run local
information program is more effective than national advertising or public campaigns.
Although concerted local and statewide efforts to inform the public exist, lives and property
continue to be threatened when segments of the population remain uninformed or chose to ignore
the information available. Public education and outreach serves to assist communities with
problems experienced from floods, high wind−straight‐line winds, severe storm−winter weather, as
well as other lower priority hazards. Educating the public of these life and property saving
techniques must remain a high priority item at the local, state, and federal levels and is consistent
with Goal 1.
National Flood Insurance Program, Floodplain Management, and Building Codes
Improved floodplain management, including land use planning, zoning, and enforcement at the
local level can reduce flood related damages for both existing buildings and new development and
are consistent with Goal 3. The use of the National Flood Insurance Program (NFIP) is critical to the
reduction of future flood damage costs to the taxpayer.
All developments, regardless of the location, require a permit to include buildings, fill, and any
other type development. The City of Galveston has the authority to implement and enforce adopted
ordinances related to floodplain management, building code and zoning compliance.
The NFIP requires that when the cost of reconstruction, rehabilitation, addition, or other
improvements to a building equals or exceeds 50% of the fair market value, then the building must
meet the same construction requirements as a new building. Substantially damaged buildings must
be brought up to new construction standards. A residence or building damaged so that the cost of
repairs equals or exceeds 50% of the structure’s fair market value must also be elevated above the
Base Flood Elevation (BFE) in flood zones where BFEs are established. This provision applies to the
entire jurisdiction of the City of Galveston.
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The original Flood Insurance Rate Maps for the City were issued on May 26, 1970. The City of
Galveston joined the NFIP on May 07, 1971, and has always been a member community in good
standing with the Program. The latest FIRMs for the City were completed in 2012.
Within floodplain management the education process must play an important role. As noted above,
an effective education program should be implemented to show citizens the importance of building
codes and ordinances and how cost effective they could be in reducing future damages.
Established through the NFIP, the Community Rating System (CRS) is a program that counties and
municipalities can elect to join. Once a community has joined, policy holders in participating
communities receive a discount on their flood insurance premiums. Because of being part of the
CRS, the City actively pursues public outreach programs. One of the requirements of CRS is an
annual outreach project, such as a Repetitive Loss Outreach Program. This program focuses on
repetitive loss areas within the City and consists of three main components. The first is to advise
the homeowners that they live in a repetitive loss area and could be subject to flooding. The second
is to give the homeowner appropriate property protection measure guidelines. The third is to make
the homeowner aware of the basic facts about Flood Insurance. The City is currently a member of
the CRS, and is rated as a Class 7 Community.
Each community that is a participating community in the NFIP Program is required to have both a
well‐trained municipal floodplain manager and construction code official. The City currently meets
this requirement. To ensure adequate enforcement of both codes, each community in the NFIP
should encourage additional training opportunities for all code enforcement personnel, to include
its municipal floodplain manager.
Floodplain management and building codes serve to assist the communities with problems
experienced from floods, hurricanes, tornadoes, and thunderstorms/lightning/high winds as well
as other lower priority hazards.
The City has adopted and currently enforces the International Building Code (IBC) 2012.
Flood Mitigation Actions
Retrofitting structures prone to periodic flooding is an effective mitigation technique to reduce the
flood loss of property and is consistent with Goal 4. Techniques include the elevation of structures,
acquisition, mitigation reconstruction, dry flood‐proofing, wet flood‐proofing, drainage
improvements, and installation of generators.
Elevation: involves raising a structure on a new foundation so that the lowest floor is above the
BFE. Almost any type and size of structure can be elevated.
Acquisition of Structures: the acquisition option is the most effective mitigation technique to
reduce the loss of property due to flooding. The owners of repetitive flood loss or flood damaged
structures sell their structure to the community on a cost share basis for the fair market value of the
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structure prior to the last flood event. The structure is removed and/or demolished and a deed
restriction is placed on the property for perpetuity, thus removing the structure from future flood
damage. This approach is most effective when flood prone structures located within the same
vicinity are grouped together and acquired. The remaining property is converted to open space, and
is subject to the building and development limitations outlined in the deed restriction. While the
property may be re‐developed, it may not be in any manner that impedes the floodplain or violates
the terms of the deed restriction.
Dry Flood‐proofing: is a mitigation technique designed to prevent floodwaters from penetrating
the structure. Techniques include the building of floodwalls adjacent to existing walls, the
installation of special doors to seal out floodwaters, and special backflow valves for water and
sewer lines. Dry flood‐proofing includes low cost mitigation measures such as raising air
conditioners, heat pumps, and hot water heaters on platforms above the BFE.
Wet Flood‐proofing: is a mitigation technique designed to allow for the safe entry of floodwaters
into a structure, thereby minimizing the flood damage to the structure. Generally, this includes
properly anchoring the structure, using flood resistant materials below the BFE, protection of
mechanical and utility equipment, and use of openings or breakaway walls. Application of wet
flood‐proofing as a flood protection technique under the NFIP is limited to enclosures below
elevated residential and non‐residential structures and to accessory and agricultural structures that
have been issued variances by the community.
Drainage: Improving the drainage capacity around roads and low‐lying areas is a time‐tested
technique to mitigate flood damage. Maintenance of drainage canals and laterals is essential to
maximize their efficiency and continued long term effectiveness. General actions to reduce the
effects of flooding include: widening and deepening the earthen canals, cleaning of existing ditches,
replacing existing culverts, upgrading pumps, installing check valves and inverts in certain culverts.
Maintaining and improving drainage serves to assist the communities with problems experienced
from floods, high winds, and severe storms.
Generators: Another cost‐effective retrofitting technique includes the installation of generators. By
providing power with generators during and after severe storms many critical facilities may
continue to provide necessary services to the community. The installation of generators serves to
assist the communities with problems experienced from floods, high winds, severe storms,
earthquakes, and other hazards that typically interrupt power supplies.
Wind Retrofitting Mitigation Actions
Structures can be retrofitted to withstand extreme wind events by installing hurricane shutters,
roof tie‐downs and other storm protection features. The exterior integrity is maintained by
protecting the interior of the structure and providing stability against extreme wind hazards,
particularly those associated with hurricanes and tornadoes. These types of measures can be
relatively inexpensive and simple to put in place.
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Another retrofitting technique is to bury electric power lines to avoid tree limbs from falling on
them or from wind damage resulting in a break in service to the consumer. Burying electric power
lines serves to assist the communities with problems experienced from extreme winds, tornadoes
and severe storms.
Early Warning Systems
With sufficient warning of a flood, a community and its residents can take protective measures such
as moving personal property, cars, and people out of harm’s way. When a flood threat recognition
system is combined with an emergency response plan that addresses the community's flood
problems, considerable flood damage can be prevented. This system must be coupled to warning
the public, carrying out appropriate tasks, and coordinating the flood response plan with operators
of critical facilities. A comprehensive education and outreach program is critical to the success of
early warning systems so that the public, operators of critical facilities, and emergency response
personnel will know what actions to take when warning is disseminated.
Early warning systems serve to assist the communities with problems experienced from floods,
extreme winds, severe storms, earthquakes, wildfire, and storm surge.
Coastal Hazards
With a clear understanding of coastal hazards, communities can work towards preventing future
damages. Some mitigating measures are:
Educational Outreach: develop and conduct educational outreach programs on the effects of
coastal hazards as well as on how to minimize future erosion.
Erosion Zone Studies: conduct detailed studies to identify erosion hazard zones and provide
direction for future coastal development.
Beach and dune restoration projects can also be undertaken to mitigate this hazard.
Wildfire/Urban Fire: the following mitigation measures can be applied to those areas of the
community, which are designated as fire risk zones.
Educational Outreach: develop and conduct educational outreach programs on wildfire and urban
fire prevention including training on fire safe building for contractors and homeowners.
Retrofitting: existing buildings can be retrofitted to reduce their vulnerability to wildfires and
urban fires. Potential measures include covering roof vents with wire mesh to prevent entry of
embers or flaming debris, and replacing flammable roof materials such as wood or certain types of
shingles. Fire resistant roofing materials include various tiles, fiberglass shingles, and single ply
membranes.
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Safety Zones: safety zones can be created around structures by reducing or eliminating brush,
trees, and vegetations around a home or facility. FEMA recommends using a 30' safety zone,
including keeping grass below 2″ tall and clearing all fallen leaves and branches promptly.
Fire Breaks: roads and trails can be planned to serve a dual function as firebreaks. Firebreaks are
areas of inflammable materials which create a fuel break and do not allow fires to spread.

9.3.2 City‐Wide Mitigation Actions
The HMPSC developed the following program of mitigation actions in response to the risk and
capability assessments (see Sections 07 and 08) that will be implemented on a City‐wide basis.
These actions are presented in Table 9.3.2‐1 (following), and are organized by goal and objective.
The actions presented in the table represent both previously identified actions from other planning
efforts and modified actions, determined through discussions with the HMPSC and City Staff. In
developing this action plan, the HMPSC first reviewed the existing action plan from the 2011 plan,
and determined which actions were still applicable/necessary and which ones had been completed
or were no longer necessary.
All completed actions were kept for future use as an opportunity arises. Actions determined to be
deleted are indicated by shading. Those actions that were identified in previous planning efforts
and are not yet been completed have been deferred. In all cases, these actions were not completed
due to one or more of the following circumstances:



Lack of available funding; or
Activity is on‐going for the City of Galveston.
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Table 9.3.2‐1
City of Galveston – Mitigation Action Plan

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Goal 1:
Improve education and outreach efforts, specifically to the public, elected officials, municipal employees and local businesses, regarding the potential impacts
of hazards and the identification of specific measures that can be taken to reduce those impacts.
Objective 1.1:
Educate the public and others on actions they can take to prevent or reduce loss or life or property damage from all hazards.

Provide hazard and disaster
awareness and preparedness
information to the public, both
residents and visitors.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$10,000+

General Fund

Office of
Emergency
Management
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2016‐2021
On‐going annually

This is an ongoing action
for the City of Galveston.

High

City of Galveston – Mitigation Action Plan
Proposed Action

Use internet to provide
information to residents and
visitor regarding natural
disasters, preparation and
protection.
Investigate use of social media
to provide information.
Maintain use of One Call
Reaches All as means of
notification and information.

Conduct town meeting prior to
start of hurricane season, to
provide information to
residents.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes
Extreme Wind;
Flooding;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Existing
(On‐going)

$5,000+

General Fund

Office of
Emergency
Management

2016‐2021
On‐going annually

This activity is on‐going in
the aftermath of Hurricane
Ike

High

Existing
(On‐going)

$10,000+

General Fund

Office of
Emergency
Management

2016‐2021
On‐going Annually

This activity occurs
annually prior to hurricane
season.

High
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City of Galveston – Mitigation Action Plan
Proposed Action

Purchase and distribute NOAA
All‐Hazard radios or other
public notification devices to
public facilities, schools, day
cares, medical facilities, critical
facilities, and large public
gathering places.

Implement public information
and education campaign to
educate residents and
businesses about benefits of
xerogardening and
xeriscaping.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$100 per unit

FEMA HMGP

Office of
Emergency
Management

2016‐2021

Applies to existing and
future development.

High

$5,000

General
funds, Texas
Agriculture
Extension
Service

Public Works

2016‐2021

Applies to existing and
future development.

High

Drought

Existing
(On‐going)
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action
Implement public information
and education campaign to
educate residents and
businesses about hazardous
materials incidents, evacuation
procedures in the event of an
accident, and sheltering‐in‐
place.
Implement public information
and education campaign to
educate residents and
businesses on how to reduce
the threat of urban fires and
wildfires.

Hazard(s)
Addressed

Hazardous
Materials
Incident

Wildfire /
Urban Fire

New or
Existing
Action

Existing
(On‐going)

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$2,500

Private
Funds,
General
funds, FEMA
HMGP

Galveston Fire
Department, Office
of Emergency
Management,
Public Works,
Police Department

2016‐2021

This is an ongoing activity
for the City of Galveston

High

FEMA HMGP,
Texas Forest
Service,
General
Funds

Galveston Fire
Department, Office
of Emergency
Management

2016‐2021

Applies to existing and
future development.

High

$2,500
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action

Increase on‐island CERT
capability and capacity.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

County Emergency
Management

2016‐2021

Comments

This is an ongoing activity
for the City of Galveston

Priority

Moderate

Goal 2:
Improve capabilities, coordination and opportunities at the municipal level to plan and implement hazard mitigation projects, programs and activities,
especially through the use of GIS, coordination with universities and colleges, and public/private partnerships.
Objective 2.1:
Acquire and maintain detailed data regarding vulnerabilities, including critical facilities and historic assets, so that these resources can be prioritized and
assessed for mitigation actions.
Work cooperatively with
NOAA and other agencies to
conduct workshop/study on
sea level rise in Galveston.

Coastal
Hazards;
Sea Level
Change

Existing
(On‐going)

$5,000+

General
Funds, NOAA

Development
Department
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2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Implementation of
Sustainability Plan/Program
Implementation.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(Modified)
(On‐going)

$125,000

General
Funds, CDBG

Development
Department

2016‐2021
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Comments

Applies to existing and
future development.

Priority

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Implementation of
Greenprinting Plan for areas
east of West End study.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(Modified)
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

$5,000

General
Funds, Texas
Parks and
Wildlife,
CDBG

Agency /
Department
Responsible

Development
Department
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Implementation
Schedule

Comments

Priority

2016‐2021

“Greenprinting” refers to a
strategy to manage growth
that ensures quality of life,
clean air and water,
recreation and economic
health. Applies to existing
and future development.

Moderate

City of Galveston – Mitigation Action Plan
Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$10,000

General
Funds, CDBG

Development
Department

2016‐2021

Applies to future
development.

Moderate

Consider / Development of
structural acquisition
plan/procedures.

Flooding

Existing
(On‐going)

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Consider / Development of
structural elevation
plan/procedures.

Flooding

Existing
(On‐going)

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Proposed Action

Develop proposed land use
mapping to allow easier
consideration of hazards in
future development.

Comments

Priority

$10,000

$10,000
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Proposed Action

Consider alternative
methodologies for
determination of substantial
damage.

Consider / Contract for
historic property mitigation
study, to determine best
practices for mitigation of
homes on larger scale.

Hazard(s)
Addressed
Extreme Wind;
Flooding;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Existing
(On‐going)

$5,000

$50,000

Existing
(On‐going)

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

General
Funds, THC,
GHF,
National
Park Service,
CDBG

Development
Department

2016‐2021

Applies to existing
structures.

Moderate
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Digitalization of paper records,
city‐wide, for access post‐
disaster (mitigate data loss
and allow for continuity of
operations/government).

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

General
Funds, FEMA
HMGP, CDBG

Development
Department,
Municipal Utilities,
Office of
Emergency
Management,
IT/Finance
Department

2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate
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City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Develop detailed inventory of
critical facilities, to include
elevations, square footage and
contents inventory.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

Development
Department,
Municipal Utilities,
Office of
Emergency
Management

2016‐2021

Comments

Applies to existing and
future development.

Priority

High

Goal 3:
Develop hazard mitigation policies and programs designed to reduce the impact of natural and human caused hazards to people and property.
Objective 3.1:
Seek ways to reduce losses to the National Flood Insurance Program, and to increase participation in and compliance with the NFIP.
Maintain membership of the
NFIP’s Community Rating
System.

Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami

Existing
(Modified)
(On‐going)

$10,000

General
Funds

Development
Department
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2016‐2021

Joined and rated as a 7.

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Consider adoption and
enforcement of freeboard
requirement into City’s Flood
Damage Prevention Ordinance.

Increase and maintain number
of floodplain managers in the
building division through
training and certification.

Hazard(s)
Addressed
Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes
Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Moderate

Moderate

Existing
(On‐going)

$2,500

General
Funds

Development
Department

2016‐2021

Action is currently under
consideration for
implementation. Would
apply to future
development and any
existing structures
designated as substantially
damaged or improved.

Existing
(Modified)
(On‐going)

$10,000

General
Funds, FEMA

Development
Department

2016‐2021

This is an ongoing activity
for the City of Galveston

Objective 3.2:
Consider measures to ensure that modifications to existing development, as well as any future development, will not put people or property in harm’s way, or
will not increase threats to existing properties.

Support aggressive beach
nourishment program to
address critical erosion areas.

Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Existing
(On‐going)

Unknown

USACE, GLO,
CIAP, GLO
CEPRA

GLO, Development
Department
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2016‐2021

This is an ongoing activity
for the City of Galveston

High

City of Galveston – Mitigation Action Plan
Proposed Action

Restore destroyed dune
systems to decrease / mitigate
damage to public and private
property.

Install shoreline protection
devices in areas subject to
coastal erosion to reinforce
dune systems.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Existing
(On‐going)

Unknown

FEMA
HMGP/PDM/
FMA, State
(CEPRA) and
local grants,
USACE

GLO, Development
Department, Park
Board,
Homeowner’s
Associations,
Individual
Property Owners

2016‐2021

This is an ongoing activity
for the City of Galveston

High

Existing
(On‐going)

$175,000

FEMA HMGP,
USACE, GLO

GLO, Development
Department, Public
Works

2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate

2016‐2021

Applies to existing
structures.

Comments

Priority

Goal 4:
Identify and implement hazard mitigation projects to reduce the impact of hazard events and disasters.
Objective 4.1:
Pursue opportunities to mitigate identified Repetitive Loss and Severe Repetitive Loss properties

Elevation, acquisition or other
mitigation of identified
Repetitive Loss and Severe
Repetitive Loss properties.

Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Existing
(On‐going)

$80,000+ (per
structure)

CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC

Development
Department

Objective 4.2:
Pursue opportunities for structural mitigation projects and other projects to protect infrastructure from hazards.
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High

City of Galveston – Mitigation Action Plan
Proposed Action

Exposed concrete and rebar on
public beaches – remove
debris and threat to public and
private property – reducing
property damage during
hazard events.

Elevate coastal roads to better
protect public during
evacuation and to protect the
roads from flood damage,
where technically feasible.

Implement improved drainage
projects and better
maintenance program for
clearing drainage ditches.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

New or
Existing
Action

Existing
(Completed
) (On‐going
for future
occurrences
)

Existing
(On‐going)

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Unknown

FEMA Public
Assistance,
GLO, CEPRA,
Texas Beach
Sweep, CDBG

Public Works, GLO,
USACE

2016‐2021

Unknown

Potential
funding from
TXDoT,
CDBG

FHWA, TXDoT,
Public Works

2016‐2021 Ongoing
project

Unknown

TWDB, FEMA
HMGP, CDBG,
Enterprise
Funds

Public Works

2016‐2021
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Comments

Priority

This is an ongoing activity
for the City of Galveston

High

Applies to existing and
future coastal roads.

High

Applies to existing and
future drainage systems.

High

City of Galveston – Mitigation Action Plan
Proposed Action

Elevation of structures at risk
from flooding.

Install security/surveillance
equipment at all municipal
facilities.

Identify and purchase needed
vehicles and equipment for
public safety departments.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami
Hazardous
Materials
Incident
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Existing
(On‐going)

$50,000 ‐
$100,000 (per
structure)

CDBG, FEMA
HMGP /
PDM/
FMA/SRL,
Property
Owners,
NFIP ICC

Development
Department

2016‐2021

Existing
(On‐going)

$100,000

TDEM, DHS,
General
Funds

Office of
Emergency
Management

2016‐2021

Applies to existing and
future development.

High

FEMA PA,
DHS, General
Fund, CDBG

Fire Department,
Police Department,
Public Works,
Beach Patrol,
Office of
Emergency
Management

2016‐2021

Some equipment and
vehicles will be or has been
purchased through FEMA
PA funding.

High

Existing
(On‐going)

$750,000

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Will require coordination
with TDEM and FEMA to
address BCA issues.
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Applies to existing
structures. (Future
structures will require
elevation to meet current
codes/ordinances.)

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Harden facility and improve
security at unmanned
municipal utility facilities.

Acquisition and demolition of
structures damaged by
flooding, including abandoned
structures.

Elevation or other flood
protection of historic
structures at risk from
flooding.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Environmental
Disaster;
Extreme Wind;
Flooding; Hail;
Hazardous
Materials
Incident;
Sea Level
Change; Severe
Winter Storm;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

$1,000,000

General
Funds, DHS,
TWDB, FEMA
HMGP/PDM

Existing
(On‐going)

$50,000+ (per
structure)

Existing
(On‐going)

$50,000+ (per
structure)

CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC
CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Municipal Utilities

2016‐2021

Action will be dependent
on availability of funding,
and applies to both existing
and future development.

Moderate

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Development
Department

2016‐2021

Applies to existing
structures.

Moderate
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City of Galveston – Mitigation Action Plan
Proposed Action

Study, evaluate, design and
construct flood control
methods, with particular
emphasis on the protection of
critical facilities and critical
infrastructure.

Mitigation/hardening of
substantially damaged
structures (historic/non‐
historic).

Hazard(s)
Addressed
Biologic
Events;
Coastal
Hazards;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding; Hail;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Existing
(On‐going)

$50,000+ (per
structure or
device)

CDBG, FEMA
HMGP/
PDM/ FMA,
General Fund

Public Works

2016‐2021

Applies to existing and
future structures.

Moderate

Existing
(On‐going)

$50,000+ (per
structure)

CDBG, FEMA
HMGP/ PDM,
Property
Owners

Development
Department

2016‐2021

Applies to existing and
future structures.

Moderate
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action

Identify critical facilities and
other necessary public
buildings that require
emergency power generation ‐
Purchase and install
emergency power generators
and related housing and
connection equipment at all
critical facilities or other
necessary public buildings.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Unknown

FEMA HMGP,
CDBG,
General
Funds,
Enterprise
Funds

Office of
Emergency
Management,
Public Works
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Implementation
Schedule

2016‐2021

Comments

Some facilities addressed
after Ike. Additional
facilities to be identified.
Applies to existing and
future development.

Priority

High

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Design and construct a Safe
Room (using FEMA 361 design
guidance) to house emergency
personnel and first responders
who must remain on the island
during evacuations.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$25‐$30MM

FEMA
HMGP/ PDM,
General
Funds,
Donations,
CDBG

Office of
Emergency
Management, City
Manager’s Office

2016‐2021
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Comments

Project applied for under
DR‐1791 HMGP.

Priority

Moderate

City of Galveston – Mitigation Action Plan
New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$5,000+ per
project

FEMA
HMGP/
PDM/ FMA,
General
Funds,
TWDB, CDBG

Public Works

2016‐2021

Applies to existing
structures.

Moderate

Drought

Existing
(On‐going)

$10,000

Arbor Day
Foundation
General
Funds, CDBG

2016‐2021

Applies to existing and
future development.

Moderate

Hazardous
Materials
Incident

Existing
(On‐going)

$25,000+

Private
funding

2016‐2021

Cost would be dependent
on material.

Moderate

Extreme Wind;
Lightning;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$2,500

Private
Funds,
General
funds

2016‐2021

Joined and renewed
membership‐ September
2015.

Low

Proposed Action

Hazard(s)
Addressed

Perform retrofits of public
utilities (including sanitary
sewer and drinking water
systems), which may include
the following: inflow guards on
manhole covers, elevated
electrical components, flood
proof or elevate utility
structures within SFHAs, ring
berms around critical facilities
that cannot feasibly be
elevated, watertight manhole
covers, tied down fuel storage
tanks.

Biologic
Events;
Coastal
Hazards;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

Increase native canopy by tree
planting in public rights‐of‐
way to reduce urban heat
levels.
Develop and implement a
system for early detection /
notification of hazardous
materials incidents, leaks and
accidents.
Investigate eligibility and
benefits of National Weather
Service’s “StormReady”
Community program –
Maintain program
membership

Development
Department, Public
Works, Parks and
Rec
Galveston Fire
Department, Public
Works, Office of
Emergency
Management
Office of
Emergency
Management

July 27, 2017 – Page 9‐27

Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action
Wind retrofit critical facilities
and those other public
buildings that must function
following as extreme wind
event.
Develop and implement
stormwater drainage system
improvements.

Hazard(s)
Addressed
Extreme Wind;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$25,000+

Flooding

Existing
(On‐going)

$25,000

Develop vegetation
management program to
mitigate spread and fueling of
fires.

Wildfire /
Urban Fire

Existing
(On‐going)

$5,000

Investigate ways to harden
and protect facilities and
infrastructure belonging to
Gulf Coast Water Authority
(Sole source provider of
potable water to City) –
Implement projects as funding
becomes available.

Extreme Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

FEMA
HMGP/ PDM,
General
Funds, CDBG

Office of
Emergency
Management,
Development
Department, Public
Works, City
Manager’s Office

General
Funds,
Enterprise
Funds,
TWDB, CDBG
FEMA
HMGP/ PDM,
Texas Forest
Service,
General
Funds, CDBG

General
Funds,
Enterprise
Funds, FEMA
HMGP/ PDM,
CDBG

Implementation
Schedule

Comments

Priority

2016‐2021

Project for McGuire Dent
Recreation Center funded
under DR‐1791 HMGP.
Applies to existing
structures.

Moderate

Public Works

2016‐2021

Applies to existing and
future development.

Moderate

Galveston Fire
Department

2016‐2021

Applies to existing and
future development.

Moderate

Municipal Utilities

2016‐2021

Applies to existing and
future development.

High
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Proposed Action

Rehabilitate the 1894 Bayline,
for use as emergency water
connection in the event of
failure or damage of the water
main.

Implement plans for
elimination of on‐site sewage
treatment.

Monitor funding sources for
opportunities to provide
assistance to homeowners for
purchase of grinder pumps
(maintenance would remain
property owner’s
responsibility).

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tropical
Systems and
Hurricanes;
Tornadoes
Biologic Event;
Coastal
Hazards;
Environmental
Disaster;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Biologic Event

New or
Existing
Action

Existing
(Deferred)

Existing
(On‐going)

Remove /
Drop

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$15,000,000

General
Funds,
Enterprise
Funds, CDBG
FEMA HMGP

Municipal Utilities

2016‐2021

Applies to existing
equipment/structures.

$10,000+ per
structure

General
Funds,
Enterprise
Funds, CDBG,
Property
Owners

Development
Department,
Municipal Utilities

2016‐2021

Applies to existing
structures.

Moderate

2011‐2016

The city has taken the
position that grinder
pumps are not a preferred
option. This action will be
removed during the next
plan update.

Moderate

$5,000+ per
structure

Unknown at
this time

Development
Department,
Municipal Utilities

July 27, 2017 – Page 9‐29

Comments

Priority

High
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Proposed Action

Investigate and implement
hardening of IT and phone
(communication)
infrastructure, to include off‐
site/remote facilities.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds, FEMA
HMGP, CDBG

Development
Department, Office
of Emergency
Management,
IT/Finance
Department

2016‐2021

July 27, 2017 – Page 9‐30

Comments

Applies to existing and
future infrastructure.

Priority

High
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Proposed Action

Increased capacity/hardening
for internal departmental
communication.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds, FEMA
HMGP, CDBG

Development
Department,
Municipal Utilities,
Office of
Emergency
Management,
IT/Finance
Department

2016‐2021
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Comments

Applies to existing and
future infrastructure.

Priority

High
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Proposed Action

Develop a standby application
for post‐disaster code
enforcement (includes
building, compliance, planning,
public works, etc).

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

Development
Department

2016‐2021
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Comments

This is an ongoing activity
for the City of Galveston

Priority

High

9.4 Prioritization and Implementation of Mitigation Actions
The preceding section identified specific actions to achieve identified goals, an appropriate
responsible party for each action, the action’s applicability to existing or future development, an
estimated cost for each action, a schedule for accomplishment and suggested funding sources. An
initial prioritization was also depicted.
Priorities were initially determined on a qualitative basis by the HMPSC. The considerations were
general feasibility and anticipated effectiveness in reducing risk. Detailed benefit‐cost analyses
were not performed (see notes below) but general cost effectiveness of the types of actions being
considered was considered.
The mitigation action items with highest priority were generally considered to be the most cost
effective and most compatible with the community’s social and cultural values.
Per the results of the Capability Assessment in Section 08, of concern regarding the effective
implementation of mitigation actions and strategies is that there is often little to no staffing
available at the local level to devote to hazard mitigation related activities, including monitoring for
funding opportunities. Staffing, resources, and coordination of effort are at a premium with little
chance of significant change to these issues in the foreseeable future. Therefore, the inclusion of any
specific action item in this document does not commit the City to implementation. Each item will be
considered for implementation in terms of the available staff and funding resources on a periodic
basis. In addition, certain items may require regulatory changes or other decisions that must be
implemented through standard processes, such as changing regulations.
The method that the HMPSC utilized to help them consider and prioritize potential action items for
funding applications at that time in a systematic way is called the Social, Technical, Administrative,
Political, Legal, Economic, and Environmental (STAPLEE) method. This method, which was also
utilized by the State of Texas in the State Mitigation Plan, helped the HMPSC to weigh the pros and
cons of different alternatives for each of the identified actions and objectives. Table 9.4‐1
(following) describes the basic steps in the STAPLEE methodology.

Table 9.4‐1
STAPLEE Methodology
STAPLEE
S‐Social

T‐Technical

STAPLEE Methodology
Criteria Explanation
Mitigation actions are acceptable to the community if they do not
adversely affect a particular segment of the population, do not cause
relocation of lower income people, and if they are compatible with the
community’s social and cultural values.
Mitigation actions are technically most effective if they provide long‐
term reduction of losses and have minimal secondary adverse
impacts.
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STAPLEE
A‐Administrative
P‐Political
L‐Legal
E‐Economic

E‐Environmental

STAPLEE Methodology
Criteria Explanation
Mitigation actions are easier to implement if the jurisdiction has the
necessary staffing and funding.
Mitigation actions can truly be successful if all stakeholders have been
offered an opportunity to participate in the planning process and if
there is public support for the action.
It is critical that the jurisdiction or implementing agency have the
legal authority to implement and enforce a mitigation action.
Budget constraints can significantly deter the implementation of
mitigation actions. Hence, it is important to evaluate whether an
action is cost‐effective, as determined by a cost benefit review, and
possible to fund.
Sustainable mitigation actions that do not have an adverse effect on
the environment, that comply with federal, state, and local
environmental regulations, and that are consistent with the
community’s environmental goals, have mitigation benefits while
being environmentally sound.

The HMPSC defined High, Moderate, and Low priorities to be assigned in this process. Values of 1,
2, or 3 were assigned to each of the STAPLEE criteria, with 1 being low or not a
concern/impediment to the project, 2 being moderate or a potential concern/impediment, and 3
being high or a likely concern/impediment to the project. A formula was applied to determine the
project’s overall ranking. Projects with a total STAPLEE score of less than 7 were assigned an
overall ranking of Low. Projects will a total STAPLEE score of more than 16 were assigned an
overall ranking of High. All other projects were assigned a Moderate priority ranking. During the
Update process, the HMPSC considered the action’s previous ranking, and determined any changes
to it based on current conditions.
Once funding sources are identified (e.g., via grant announcements from TDEM or FEMA) the list of
mitigation actions will be reviewed to select actions that meet the grant criteria. Then, priority
rankings for the short list of projects will be determined by the responsible department or agency.
Depending on the available grant funding, the HMPSC will determine how many of the selected and
prioritized projects should be submitted for funding starting with the highest priority projects as
determined at the time.

Benefit‐Cost Analysis
Per the IFR, communities are required to use benefit‐cost analysis to prioritize projects for
implementation. At this stage, the analysis of costs and benefits has been done at a general level.
However, as project funding becomes available, the City will undertake a more extensive process.
Benefit‐cost analysis (BCA) compares the benefits of mitigation measures to the costs, and is a
technique used for evaluating the cost‐effectiveness of mitigation measures. FEMA requires a BCA
for most mitigation projects that receive FEMA funding.
July 27, 2017 – Page 9‐34

The HMPSC discussed the potential costs associated with each type of mitigation measure and
decided that any project had the potential to be cost effective if its scope were properly tailored to
the situation. For example, one of the most effective mitigation measures identified for repetitively
flooded structures is elevation. It may not be cost effective to elevate every single repetitively
flooded structure in the City, but it almost certainly would be cost effective to elevate those that
cause the largest drain to the NFIP.
After discussing the possible costs of the various mitigation measures, the HMPSC decided that
instead of working on developing a very generic BCA at this time for projects that may not ever be
authorized, they would wait until specific funding sources are identified and available. For example,
the City and its partners are not financially capable of elevating or acquiring any repetitively
flooded structures without federal grant assistance. However, at the time that grants become
available (HMGP after disasters, or PDM and FMA grants annually), the City will collect detailed
information on each structure that is interested in participating in the grant program and perform a
BCA to help rank the structures as part of the STAPLEE process to determine which should receive
funding first.
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Section 10
Plan Monitoring and Maintenance
Contents of this Section
10.1
10.2
10.3
10.4
10.5
10.6

Requirement for Plan Monitoring and Maintenance
Method for Monitoring the Plan (Updated)
Schedule for Monitoring the Plan (Updated)
Method and Schedule for Evaluating and Updating the Plan (Updated)
Circumstances that Will Initiate Plan Review and Updates (Updated)
Continued Public Involvement (Updated)

10.1 Requirement for Plan Monitoring and Maintenance
Requirement §201.6(c)(4)(i): [The plan maintenance process shall include a] section describing the
method and schedule of monitoring, evaluating, and updating the mitigation plan within a five‐year
cycle
Requirement §201.6(c)(4)(ii): [The plan shall include a] process by which local governments
incorporate the requirements of the mitigation plan into other planning mechanisms such as
comprehensive or capital improvement plans, when appropriate.
Requirement §201.6(c)(4)(iii): [The plan maintenance process shall include a] discussion on how
the community will continue public participation in the plan maintenance process.

10.2 Method for Monitoring the Plan (Updated)
The City’s maintenance strategy for implementation, monitoring, and evaluation provides a
structure that encourages collaboration, information transference, and innovation. Through a
multi‐tiered implementation method, the City will provide its citizens a highly localized approach to
loss reduction while serving their needs through coordinated policies and programs. Finally, it will
provide a tangible link between citizens and the various levels of government service, ranging from
community action to the US Department of Homeland Security. Through this strategy, the City of
Galveston will continue to break the disaster cycle and achieve a more disaster resistant
community.
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This Plan will be monitored by the Deputy Emergency Mangement Coordinator. The Deputy
Emergency Mangement Coordinator will monitor the plan for several related purposes:






Maintain the currency of hazard and risk information;
Ensure that mitigation projects and actions reflect the priorities of the City and
stakeholders;
To comply with Federal Emergency Management Agency (FEMA) and State of Texas
requirements for plan maintenance;
To maintain the City’s eligibility for federal disaster assistance and mitigation grants; and
To ensure this Plan is in harmony with other City planning efforts.

The Deputy Emergency Mangement Coordinator will continuously monitor the plan with respect to
the purposes noted above, and with respect to the update triggers noted in Section 10.5 (following).
During the Plan update process, the HMPSC determined this method to be valid.

10.2.1 Implementation
In order to ensure efficient and effective implementation, the City will make use of its capabilities
and infrastructure. The City will implement its mitigation strategy over the next five years.
The City has a variety of regulatory mechanisms that can be used to achieve the overall mitigation
strategy. These are identified in detail in the capability identification section. The Deputy
Emergency Mangement Coordinator will work in conjunction with those departments identified in
the mitigation strategy section to initiate the strategy outlined in the Mitigation Action Plan
(Section 9). For example, any facility‐related measures will be implemented through the capital
facilities program and the various departments involved through the normal City budget schedule.
These efforts fall under a broader implementation strategy that represents a City‐wide effort. This
strategy must be adaptable to change while being consistent in its delivery. It must also provide a
means for tracking and evaluating implementation so that benefit‐cost ratios are maximized.
The implementation strategy for the City’s identified mitigation measures is a tiered system that
emphasizes localized needs and vulnerabilities while addressing City‐wide policies and programs.
This system ensures that implementation speaks to unique vulnerabilities at the most local level,
allows for coordination among and between levels, and promotes collaboration and innovation.
Further, it provides a structured system of monitoring implementation. Finally, it is a system that
can adapt to the changing vulnerabilities of the City, the region, and the times. These four levels and
their methods of implementation and collaboration are described below.
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10.2.2 Public Education Programs
At the individual citizen level, public education and outreach programs provide the City with a
localized mechanism for implementation. This approach to mitigation can adapt to the varying
vulnerabilities and needs throughout the City. Public education programs are also a means for
involving the public in mitigation policy development. Departments conducting mitigation‐related
programs will provide information regarding proposed mitigation measures to individuals, to aid
individuals in choosing methods those that would be most effective in their communities.
The public education programs level will also include NFIP recommended aspects that will help
increase the City’s CRS rating. The Floodplain Administrator and the Director of the Development
Department will coordinate this effort, and the specific measures that need to be undertaken.

10.2.3 Hazard Mitigation Committee
The City of Galveston’s HMPSC will be the body responsible for determining the direction of
mitigation policy recommendations and will be responsible for reviewing the performance
measures and Plan implementation. The City of Galveston HMPSC represents a City‐wide group of
hazard and vulnerability experts and government employees whose departments will be
responsible for many of the implementation activities. This Committee will be composed of
representatives from all the departments comprising the HMPSC as well as representatives from
departments identified in the capability identification section as having a role in hazard mitigation.
The Committee will be responsible for collaborating on City‐wide policies and programs on the
parish‐wide level. Meetings will occur annually (targeted for April, though subject to scheduling) to
coincide with the normal budgeting processes and provide an ample time period for review and
adoption of any necessary changes to the implementation schedule. This schedule will also allow
for any updates or revisions to the Plan to be presented to the public at the annual Hurricane Open
House, held prior to each hurricane season. The City’s HMPSC will be responsible for monitoring,
evaluating, and updating the Plan (discussed below). The HMPSC will ultimately provide a
mechanism for coordination among those departments engaged in mitigation to ensure that a
comprehensive and efficient approach be undertaken in the City’s efforts at all‐hazards mitigation.
The Emergency Management Coordinator and the Planning and Community Development
Department will coordinate these activities.

10.3 Schedule for Monitoring the Plan
Informal Plan monitoring activities will be ongoing. In addition to the FEMA mandated five year
update cycle, Deputy Emergency Mangement Coordinator will perform an informal review of the
Plan at least annually, or more often as circumstances require. At least annually, a progress report
will be prepared, noting any updates to information in the Plan or progress that has been made
towards the goals, objectives or actions identified in the Plan.
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In addition to the scheduled reports, Deputy Emergency Mangement Coordinator will convene
meetings after damage‐causing natural hazard events to review the effects of such events. Based on
those effects, adjustments to the mitigation priorities identified in Section 09 may be made or
additional event‐specific actions identified.
During the Plan update process, the HMPSC determined this schedule to be valid.

10.4 Method and Schedule for Evaluating and Updating the Plan
{Note to FEMA reviwers: the following dates will be filled in once these events have
occurred}
The City of Galveston’s Hazard Mitigation Plan be updated with in five years, and will be submitted
to TDEM and FEMA for review and approval.
Comprehensive review of and revisions to this Plan will be undertaken on a five‐year cycle. This
Plan was adopted in [Insert Date], and thus must undergo a formal FEMA‐compliant update process
by [Insert Date + 5 years]. Approximately 18‐24 months prior to the five year anniversary of Plan
adoption, the Emergency Management Coordinator and the Planning and Community Development
Department will initiate a comprehensive review of the Plan with particular attention to FEMA
guidance.
The Deputy Emergency Mangement Coordinator will prepare a report (1) describing the update
requirements; (2) summarizing the staff analysis of the Plan, highlighting areas that require
modification and explaining the reasons why the modification is needed, and; (3) providing detailed
recommendations about how the Plan should be updated, noting any technical work that may be
required. The report will sequentially be provided to the City’s HMPSC and City Council for
consideration. The report will also be posted on the City’s website for public review and comment.
The HMPSC and the City Council will review the report and recommendations and advise the
Deputy Emergency Mangement Coordinator as to how to proceed on the individual
recommendations for the updates. The Deputy Emergency Mangement Coordinator will initiate
activities to carry out the recommendations, and will prepare draft updates to the Plan on a
schedule determined in cooperation with the HMPSC and the City Council.
When the draft updates are completed, the HMPSC will be convened to conduct the comprehensive
evaluation and revision. Deputy Emergency Mangement Coordinator will produce a final draft of
the updated Plan for consideration by the HMPSC. The HMPSC will review the updated Plan,
indicate any desired changes, and recommend approval and adoption of the Plan Update in
sufficient time to meet FEMA requirements.
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10.4.1 Incorporation into Existing Planning Mechanisms
The City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) has created a
process by which this plan has considered and incorporated the requirements into other plans
(where appropriate). During the development of this plan the HMPSC reviewed the Flood Damage
Prevention Ordinance, adopted and enforced by the City, as well as the City’s currently enforced
building codes. Other City plans were considered during the creation of this plan, including








City of Galveston Comprehensive Plan
City of Galveston Capital Improvement Plan
City of Galveston Long‐Term Recovery Plan
City of Galveston Historic Preservation Plan
City of Galveston Disaster Response for Historic Structures Plan
City of Galveston Comprehensive Housing Market Study
City of Galveston Design Standards for Historic Properties

The City of Galveston has a long and established history of incorporating hazard mitigation
measures into the day‐to‐day life of the community. This Plan will guide other planning
mechanisms towards maintaining that perspective. Going forward, this plan will be considered in
the development and updating of new and existing City planning efforts.
For example, each update to the City’s Comprehensive Plan and Capital Improvement Plan
considers the hazards and vulnerabilities present at the time of that update. The planning team will
examine the information contained in and findings of this Plan during the next Comprehensive Plan
and Capital Improvement Plan update, and will determine what information and findings from this
Plan update may be appropriate for inclusion in the updated Comprehensive Plan and the Capital
Improvement Plan. They information and findings will be considered and researched/vetted, and
additional relevant information will be collected. The information and findings will be incorporated
into the draft of the updated Comprehensive Plan, which is reviewed by multiple staff members and
department heads; comments are collected and considered by the planning team. This process may
occur more than once until final integration. Once the draft is final, the updated Comprehensive
Plan and the Capital Improvement Plan will be presented to City Management, City Council, and the
public, with an opportunity for each groupt to provide comments for consideration. After all
comments have been considered and incorporated and/or addressed (as appropriate and
applicable), the final plans will are presented to other City entities, such as the City’s Landmark
Commission and Planning Commission, for review and comment. It is then presented to the City
Council for adoption, where a majority of Council Members must vote ‘yea’ on the motion. Finally, if
appropriate, the adopted plans are made available to all departments and to the public via the City’s
public website. This same process will be followed for all applicable Galveston planning efforts
(identified above), in accordance with the planning processes established by the City for their
various planning efforts.
Similarly, the City’s Capital Improvement Plan routinely includes projects that have a hazard
mitigation element. Future updates will consider the findings of this Plan in project planning.
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10.5 Circumstances that will Initiate Plan Review and Updates
This section identifies the circumstances or conditions under which the Deputy Emergency
Mangement Coordinator will initiate Plan reviews and updates.




On the recommendation of Deputy Emergency Mangement Coordinator or on its own
initiative, the Galveston City Council may initiate a Plan review at any time.
At approximately the six month anniversary of the Plan adoption, and every six months
thereafter.
After natural hazard events that appear to significantly change the apparent risk to City
assets, operations and/or constituents.

The Plan will guide the City’s mitigation efforts for the foreseeable future. The HMPSC has
developed a method to ensure that regular review and update of the Plan occurs within a five‐year
cycle. The Deputy Emergency Mangement Coordinator will coordinate any reviews.
The Deputy Emergency Mangement Coordinator will collaborate with members of the City of
Galveston’s HMPSC to monitor and evaluate the mitigation strategy implementation. This will be
done through a combination of mitigation performance measures and and project implementation
tracking. Findings will be presented and discussed at the annual HMPSC meetings.
Establishing performance measures for mitigation activities is central to determining effectiveness
and ensuring precision of strategy application. Yet outcome‐based performance measures are
difficult to apply to hazard mitigation. For this reason, the City will employ modeled events in the
absence of actual events. This will be accomplished through project implementation tracking. The
tracking will include performance measure ratings, will allow rapid evaluation using simulated
models and actual hazard events, and will eventually provide a method of rapid cost‐benefit
analysis tied to specific grant sources. Through this system, Deputy Emergency Mangement
Coordinator will be able to monitor and evaluate implementation at all levels. The database of
mitigation activities will track implementation and eventually provide real‐time updates that will
illustrate overall static or decreasing vulnerabilities. Through this database and tracking system,
performance measures for each mitigation measure will be more accurately analyzed.
The Deputy Emergency Mangement Coordinator will provide a report of the entire implementation
strategy to the HMPSC at its annual meetings. This report will drive the meeting agendas and will
include the following:




Updates on implementation at the public education and community planning levels;
Updates on mitigation activities undertaken;
Reports on performance measures of the mitigation strategy;
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Changes or anticipated changes in hazard risk and vulnerability at the county, regional,
State, FEMA, and US Department of Homeland Security levels;
Update City of Galveston Emergency Operations Plan to incorporate elements from the City
of Galveston Hazard Mitigation Plan;
Updates will be presented to the Galveston City Council for consideration and adoption.

The HMPSC will also provide updates regarding:




Any implementation activities undertaken, by department;
Problems encountered or success stories; and
Any technical or scientific advances that may alter, make easier, or create new measures.

Finally, the HMPSC will decide on updates to the strategy based on the above information and a
discussion of:




The various resources available through budgetary means as well as any relevant grants;
The current and expected political environment and public opinion; and
Meeting the mitigation goals with regards to changing conditions.

The first few meetings will work to begin implementation and establish a baseline for measuring
successes.
During the Plan update development process, the HMPSC determined this process to be valid.

10.6 Continued Public Involvement
As noted above, this Plan will be evaluated and updated periodically and when certain triggering
events occur. The City of Galveston utilize public notices and a centralized website in an effort to
include the public in the update process. The Plan will also be available to the public at the Annual
Hurricane Open House. In addition, the Deputy Emergency Mangement Coordinator will undertake
public outreach and awareness activities as outlined in the Mitigation Action Plan that will include
continuing updates on the progress of implementing the Plan and future updates.
The City of Galveston is dedicated to continued public involvement and education in review and
updates of the Plan. This is reflected in many of the mitigation measures. Deputy Emergency
Mangement Coordinator will seek comment at such time the plan undergoes a formal update. In
addition, the Deputy Emergency Mangement Coordinator is committed to public education and will
include information regarding hazard mitigation and community disaster resistance in educational
materials and presentations as appropriate.
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The public will also have the opportunity to provide ongoing feedback about the Plan. The City
Secretary’s Office will retain copies of the Plan where comments can be made. Deputy Emergency
Mangement Coordinator will publicly post any proposed changes to the Plan.
The tiered implementation structure provides an opportunity for continuous public involvement.
Public education campaigns and community planning groups are a means of informing the public
on updates and implementation activities. The City will hold a public meeting during the update
process to discuss mitigation issues throughout the City; drafts of the Updated Plan may be
available to the public at other times. The meeting will provide the public a forum for expressing
concerns, opinions, or ideas about the Plan as well as other plans. These meetings will be
advertised in advance through a variety of media.
During the Plan update development process, the HMPSC determined this process to be valid.
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Appendix A
Glossary
Contents of this Section
A.1

Glossary of Terms

A.1 Glossary of Terms
Acquisition: Local governments can acquire lands in high hazard areas through conservation
easements, purchase of development rights, or outright purchase of property.
Acquisition of Hazard Prone Structures: Local governments can acquire lands in high hazard areas
through conservation easements, purchase of development rights, or outright purchase of property.
Asset: Any manmade or natural feature that has value, including, but not limited to people;
buildings; infrastructure like bridges, roads, and sewer and water systems; lifelines like electricity
and communication resources; or environmental, cultural, or recreational features like parks,
dunes, wetlands, or landmarks.
Base Flood: Flood that has a 1 percent probability of being equaled or exceeded in any given year.
Also known as the 100‐year flood.
Base Flood Elevation (BFE): Elevation of the base flood in relation to a specified datum, such as the
National Geodetic Vertical Datum of 1929. The Base Flood Elevation is used as the standard for the
National Flood Insurance Program.
Bedrock: The solid rock that underlies loose material, such as soil, sand, clay, or gravel.
Benefit: Net project outcomes, usually defined in monetary terms. Benefits may include direct and
indirect effects. For the purposes of conducting a benefit‐cost analysis of proposed mitigation
measures, benefits are limited to specific, measurable risk reduction factors, including a reduction
in expected property losses (building, contents, and function) and protection of human life.
Benefit‐cost Analysis (BCA): Benefit‐cost analysis is a systematic, quantitative method of comparing
the projected benefits to projected costs of a project or policy. It is used as a measure of cost
effectiveness.
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Biological Event: An occurrence of a biological substance that poses a threat to the health of living
organisms, primarily that of humans. This can include medical waste or samples of a
microorganism, virus or toxin (from a biological source) that can impact human health. It can also
include substances harmful to animals.
Building: A structure that is walled and roofed, principally above ground and permanently affixed
to a site. The term includes a manufactured home on a permanent foundation on which the wheels
and axles carry no weight.
Coastal Erosion: A hydrologic hazard, and is defined by the wearing away of land or the removal of
beach or dune sediments by wave action, tidal currents, wave currents, or drainage. Coastal
erosion may result from a natural process, or it may be the result of human action.
Coastal Retreat: Any particular section of beach that is accreting or retreating as the result of a
complex interaction between the conflicting forces of sediment deposition, tidal movement, the
long‐shore current and sand storage in dunes and bars. Coastal retreat can be the result of coastal
erosion, and can worsen the impacts of tropical systems and other coastal storms.
Coastal Subsidence: The loss of coastal surface elevation due to the removal of subsurface support.
Subsidence can be the result of both nature and human action. Some natural subsidence occurs
over long periods of time, due to the natural settling process of millions of year’s accumulation of
sediments.
Coastal Zone: The area along the shore where the ocean meets the land as the surface of the land
rises above the ocean. This land/water interface includes barrier islands, estuaries, beaches, coastal
wetlands, and land areas having direct drainage to the ocean.
Community Rating System (CRS): CRS is a program that provides incentives for National Flood
Insurance Program communities to complete activities that reduce flood hazard risk. When the
community completes specified activities, the insurance premiums of the policyholders in those
communities are reduced.
Contour: A contour line depicts equal ground elevation on a topographic (contour) map.
Debris: The scattered remains of assets broken or destroyed in a hazard event. Debris caused by a
wind or water hazard event can cause additional damage to other assets.
Disaster Mitigation Act of 2000 (DMA 2000): DMA 2000 (Public Law 106‐390) is the latest
legislation to improve the planning process. It was signed into law on October 10, 2000. This new
legislation reinforces the importance of mitigation planning and emphasizes planning for disasters
before they occur.
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Drought: The consequence of anticipated natural precipitation reduction over an extended period
of time, usually a season or more in length.
Environmental Disaster: An incident which causes harm or negative consequences to the natural
environment due to human activity. Environmental disasters may be exacerbated by natural
phenomenon, but they do not originate from nature.
Erosion: Wearing away of the land surface by detachment and movement of soil and rock
fragments, during a flood or storm or over a period of years, through the action of wind, water, or
other geologic processes.
Extent: The size of an area affected by a hazard or hazard event.
Extreme Wind: The horizontal motion of the air past a given point. Winds begin with differences in
air pressures. Pressure that's higher at one place than another sets up a force pushing from the high
toward the low pressure. The greater the difference in pressures, the stronger the force. The
distance between the area of high pressure and the area of low pressure also determines how fast
the moving air is accelerated. Meteorologists refer to the force that starts the wind flowing as the
"pressure gradient force." High and low pressures are relative. There's no set number that divides
high and low pressure. Wind is used to describe the prevailing direction from which the wind is
blowing with the speed given usually in miles per hour or knots.
Federal Emergency Management Agency (FEMA): Independent agency created in 1979 to provide a
single point of accountability for all federal activities related to disaster mitigation and emergency
preparedness, response, and recovery.
Flood Depth: Height of the floodwater surface above the ground surface.
Flood Hazard Area: The area inundated by a flood of a given magnitude on a map.
Flood Insurance Rate Map (FIRM): Map of a community, prepared by FEMA, shows both the special
flood hazard areas and the risk premium zones applicable to the community under the National
Flood Insurance Program.
Flood Zone: A geographical area shown on a FIRM that reflects the severity or type of flooding in
the area.
Floodplain: Any land area, including watercourse, susceptible to partial or complete inundation by
water from any source.
Hazard: A source of potential danger or adverse condition.
Hazard Event: A specific occurrence of a particular type of hazard.
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Hazard Identification: The process of identifying hazards that threaten an area.
Hazard Mitigation: Sustained actions taken to reduce or eliminate long‐term risk from hazards and
their effects.
Hazardous Materials Incident: A biological, chemical or physical agent with the potential to cause
harm to the environment or people on its own or when combined with other factors or materials.
HAZUS (Hazards US): A GIS‐based, nationally standardized, loss estimation tool developed by
FEMA.
Hurricane: An intense tropical cyclone, formed in the atmosphere over warm ocean areas, in which
wind speeds reach 74 miles per hour or more and blow in a large spiral around a relatively calm
center or "eye." Hurricanes develop over the north Atlantic Ocean, northeast Pacific Ocean, or the
south Pacific Ocean east of 1600E longitude. Hurricane circulation is counter‐clockwise in the
Northern Hemisphere and clockwise in the Southern Hemisphere.
Infrastructure: Refers to the public services of a community that have a direct impact on the quality
of life. Infrastructure includes communication technology such as phone lines or Internet access,
vital services such as public water supplies and sewer treatment facilities, and includes an area's
transportation system such as airports, heliports, highways, bridges, tunnels, roadbeds, overpasses,
railways, bridges, rail yards, depots; and waterways, canals, locks, seaports, ferries, harbors, dry
docks, piers, and regional dams.
Landslide: Downward movement of a slope and materials under the force of gravity.
Lightning: An atmospheric discharge of electricity accompanied by thunder, which typically occurs
during thunderstorms, and sometimes during volcanic eruptions or dust storms. In the atmospheric
electrical discharge, a leader of a bolt of lightning can travel at speeds of 130,000 MPH, and can
reach temperatures approaching 54,000 °F, hot enough to fuse silica sand into glass.
Local Emergency Planning Committee (LEPC): LEPCs consist of community representatives and are
appointed by the State Emergency Response Commissions (SERCs), as required by Superfund
Amendments and Reauthorization Act (SARA), Title III. They develop an emergency plan to prepare
for and respond to chemical emergencies. They are also responsible for coordinating with local
facilities to find out what they are doing to reduce hazards, prepare for accidents, and reduce
hazardous inventories and releases. The LEPC serves as a focal point in the community for
information and discussions about hazardous substances, emergency planning, and health and
environmental risks.
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Loss of Function: Damage to a facility or interruption of service to a point that the facility or service
can no longer provide a public benefit. Most often associated with utilities and critical service
providers, such as police and fire facilities.
Magnitude: A measure of the strength of a hazard event. The magnitude (also referred to as
severity) of a given hazard event is usually determined using technical measures specific to the
hazard.
Mitigate: To cause something to become less harsh or hostile, to make less severe or painful.
Mitigation Plan: Systematically evaluating community policies, actions, and tools, and setting goals
for implementation over the long term that will result in a reduction in risk and minimize future
losses community‐wide.
National Flood Insurance Program (NFIP): Federal program created by Congress in 1968 that
makes flood insurance available in communities that enact minimum floodplain management
regulations as indicated in 44 CFR §60.3.
National Weather Service (NWS): Prepares and issues flood, severe weather, and coastal storm
warnings and can provide technical assistance to federal and state entities in preparing weather
and flood warning plans.
Planning: The act or process of making or carrying out plans; the establishment of goals, policies,
and procedures for a social or economic unit.
Preparedness: Actions that strengthen the capability of government, citizens, and communities to
respond to disasters.
Probability: A statistical measure of the likelihood that a hazard event will occur.
Recovery: The actions taken by an individual or community after a catastrophic event to restore
order and lifelines in a community.
Regulatory Power: Local jurisdictions have the authority to regulate certain activities in their
jurisdiction. With respect to mitigation planning, the focus is on such things as regulating land use
development and construction through zoning, subdivision regulations, design standards, and
floodplain regulations.
Response: The actions taken during an event to address immediate life and safety needs and to
minimize further damage to properties.
Risk: The estimated impact that a hazard would have on people, services, facilities, and structures
in a community; the likelihood of a hazard event resulting in an adverse condition that causes injury
or damage. Risk is often expressed in relative terms such as a high, moderate, or low likelihood of
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sustaining damage above a particular threshold due to a specific type of hazard event. It also can be
expressed in terms of potential monetary losses associated with the intensity of the hazard.
Sea Level Change: Changes in the height of the sea in relation to the height of the land, regardless of
originating cause or event.
Scale: A proportion used in determining a dimensional relationship; the ratio of the distance
between two points on a map and the actual distance between the two points on the earth's surface.
Stafford Act: The Robert T. Stafford Disaster Relief and Emergency Assistance Act, PL 100‐107 was
signed into law November 23, 1988 and amended the Disaster Relief Act of 1974, PL 93‐288. The
Stafford Act is the statutory authority for most federal disaster response activities, especially as
they pertain to FEMA and its programs.
Stakeholder: Individual or group that will be affected in any way by an action or policy. They
include businesses, private organizations, and citizens.
State Hazard Mitigation Officer (SHMO): The representative of state government who is the primary
point of contact with FEMA, other state and federal agencies, and local units of government in the
planning and implementation of pre‐ and post‐disaster mitigation activities.
Substantial Damage: Damage of any origin sustained by a structure in a Special Flood Hazard Area
whereby the cost of restoring the structure to its before‐damaged condition would equal or exceeds
50 percent of the market value of the structure before the damage.
Topographic: Characterizes maps that show manmade features and indicate the physical shape of
the land using contour lines.
Tornado: A violently rotating column of air extending from a thunderstorm to the ground.
Tropical Cyclone: A generic term for a cyclonic, low‐pressure system over tropical or sub‐tropical
waters.
Tropical Storm: A tropical storm or cyclone having maximum sustained winds greater than 39 mph
and less than 74 mph.
Tsunami: Great sea wave produced by submarine earth movement or volcanic eruption.
Vulnerability: Describes how exposed or susceptible to damage an asset is. Vulnerability depends
on an asset's construction, contents, and the economic value of its functions. Like indirect damages,
the vulnerability of one element of the community is often related to the vulnerability of another.
For example, since many businesses depend on uninterrupted electrical power, if an electric
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substation is flooded it will affect not only the substation itself, but a number of businesses as well.
Often, indirect effects can be much more widespread and damaging than direct ones.
Vulnerability Assessment: The extent of injury and damage that may result from a hazard event of a
given intensity in a given area. The vulnerability assessment should address impacts of hazard
events on the existing and future built environment.
Wildfire: An uncontrolled fire spreading through vegetative fuels, exposing and possibly consuming
structures.
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Appendix B
Approval and Adoption Documentation
Contents of this Section
B.1
B.2
B.3
B.4

Approvable Pending Adoption Letter
City Council Adoption Resolution
Approval Letter
Final Plan Review Tool

Note to Reviewers: Documentation will be added as it is received.
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B.1

Approvable Pending Adoption Letter
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B.2

City Council Adoption Resolution
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B.3

Approval Letter

B.4

Final Plan Review Tool
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Appendix C
Meeting Documentation
Contents of this Section
C.1
C.2
C.3
C.4

C.1

Invited Participants
Meeting #01
Meeting #02
Meeting #03

Invited Participants

The following table contains the complete list of invitees who were asked to participate in the
mitigation plan update process.

Name

Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

Jim Yarbrough

City of Galveston, Mayor

JimYarbrough@cityofgalveston.org

409‐797‐3509

Brian Maxwell

City of Galveston, City
Manager

MaxwellBri@cityofgalveston.org

409‐797‐3520

Charlie Kelly

City of Galveston, EMC

kellycha@cityofgalveston.org

409‐765‐3725

Rosana Pratt

City of Galveston, Asst.
EMC

prattros@cityofgalveston.org

409‐765‐3724

John Simsen

City of Galveston, Disaster
Recovery

SimsenJoh@cityofgalveston.org

409‐797‐3673

Garrett Foskit

Galveston County, EMC

Garret.Foskit@co.galveston.tx.us

409‐682‐4031

Meaghan Kenny

Galveston County, Deputy
EMC

Meaghan.Kenney@co.galveston.tx.us

409‐539‐0021

Robert Simmons

City of Galveston, Risk
Manager

SimmonsRobe@cityofgalveston.org

409‐797‐3657

Rick Vasquez

City of Galveston, Planning
Director

VasquezRic@cityofgalveston.org

409‐797‐3668
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Name

Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

David Ewald

City of Galveston,
Floodplain Admin

EwaldDav@cityofgalveston.org

409‐797‐3660

Catherine
Gorman

City of Galveston, Assistant
Director/Historic
Preservation Officer

GormanCat@cityofgalveston.org

409‐797‐3665

Ross Blacketter

City of Galveston, Director
of Public Works

BlackketterRos@cityofgalveston.org

409‐797‐3639

Angelo Grosso

City of Galveston, Director
of Municipal Utilities

GrassoAng@cityofgalveston.org

409‐797‐3962

David Smith

City of Galveston Acting
Police Chief

SmithDav@cityofgalveston.org

409‐797‐3929

Mike Wisko

City of Galveston, Fire
Chief

WiskoMik@cityofgalveston.org

409‐797‐3852

Jason Pinchback

State of TX General Land
Office

jason.pinchback@glo.texas.gov

512‐463‐8664

Mike Shriner

University of Texas
Medical Branch

mshriner@utmb.ed

409‐772‐3445

Steve LeBlanc

University of Texas
Medical Branch

sjleblan@UTMB.EDU

Mike
Mastrangelo

University of Texas
Medical Branch, EMC

mimastran@utmb.edu

512‐705‐8112

Ushma Lakahani

Shriners Burn Hospital,
EMC & Risk Mgt.

ulakhani@shrinernet.org

409‐621‐6850

Arnold Proctor

GISD

arnold_proctor@gisd.org

409‐766‐5100

LeeRoy Amador

GISD, Chief of Police for
the Galveston Independent
School District

LeeRoy_Amador@gisd.org

409‐766‐5100

Kelly de Schaun

Galveston Park Board,
Director

kdeschaun@galvestonparkboard.org

409‐797‐5121

Robert Pierce

Port of Galveston, Police
Chief

rpierce@portofgalveston.com

409‐795‐1832

Miles Shelton

Galveston College

mshelton@gc.edu

409‐944‐1200

Allan Post

Texas A&M University
Galveston, EMC

posta@tamug.edu

409‐740‐4477

Mona Purgason

Galveston Housing
Authority, Director

ded@ghatx.org

409‐765‐1900

July 27, 2017 – Page C‐2

The City of Galveston, Texas
Appendix C: Meeting Documentation

Name

Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

Gina Spagnola

Galveston Chamber of
Commerce, Director

gspagnola@galvesonchamber.com

409‐763‐5326

Jeff Sjostrom

Galveston Economic
Development Partners

sjostrom@gedp.org

409‐770‐0216

John Brick

City of Jamaica Beach, City
Administrator

jbrick@ci.jamaicabeach.tx.us

Hans Haglund

State of TX ‐ Galveston
State Park, Police

hans.haglund@tpwd.state.tx.us

Keith Gray

Center Point Energy

keith.gray@centerpointenergy.com

713‐569‐1652

Robert
Fearrington

Texas Gas

rfearrington@onegas.com

409‐682‐7626

Walter Hambrick

Texas Department of
Transpiration

Walter.Hambrick@txdot.gov

281‐686‐9874

Jamal Elahi

Texas Department of
Transpiration

jamal.elahi@txdot.gov

409‐978‐2505

Ed Mason

US Army Corp of
Engineers Galveston

Edwin.L.Mason@usace.army.mil

409‐370‐7759

Mike Jones

State of TX Emergency
Management

ml.jones@dps.texas.gov

832‐401‐3467
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C.2

Meeting #01 (October 15, 2015)
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City of Galveston, TX
Hazard Mitigation Plan Update
Kickoff Meeting Notes
10.15.15
The meeting was held at 2pm October 15, 2015 at City Hall in Galveston, TX. The meeting began with meeting
introductions. Kelly George provided an overview of the purpose of a hazard mitigation plan update, the
hazard mitigation plan update process, and the projected timeline for the project.
Next, Kelly discussed the hazard identification process, including hazards that were in the previous City of
Galveston Hazard Mitigation Plan, as well as, the current State Hazard Mitigation Plan Update, the Galveston
County Hazard Mitigation Plan Update, and the University of Texas Medical Branch Hazard Mitigation Plan
Update. The committee discussed each hazard individually and determined if the hazard should remain in the
plan, be added to the plan, or be excluded from the plan. In some cases, the committee determined that
hazards should be combined with other hazards from the previous plan. The results of the discussion are
below.




















Biological Event‐ Remains in the plan. Used for red tide, sewage spills, and UTMB waste
Coastal Erosion‐ Remains in plan, but combine into coastal hazards profile.
Coastal Retreat‐ Remains in plan, but combine into coastal hazards profile.
Coastal Subsidence‐ Remains in plan, but combine into coastal hazards profile.
Drought‐ Remains in the plan. Dependent on providers‐ some providers not on the island.
Earthquake‐ Exclude from the plan. Not a hazard of concern for Galveston.
Environmental Disaster‐ Remains in the plan. There is a large amount of industry on the harbor side.
Deep Water Horizon Oil Spill.
Extreme Heat‐ Add to the plan.
Extreme Wind Event‐ Remains in the plan.
Expansive Soils‐ Add to the plan. Issues with road damages.
Flood‐ Remains in the plan.
Hail‐ Add to the plan.
Hazardous Materials Incident‐ Remains in the plan.
Lightning‐ Remains in the plan.
Sea Level Rise‐ Remains in the plan.
Severe Winter Storm‐ Add to the plan.
Terrorism‐ Exclude from the plan. This hazard will be removed.
Tsunami‐ Remains in the plan.
Urban Fire / Wildfire‐ Remains in the plan. Historic structure vulnerability‐ wood framed structures
and close together.

The date and time of the second meeting was announced, and afterward, the meeting was adjourned.
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C.2

Meeting #02 (November 12, 2015)
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Goal 1:
Improve education and outreach efforts, specifically to the public, elected officials, municipal employees and
local businesses, regarding the potential impacts of hazards and the identification of specific measures that
can be taken to reduce those impacts.
Objective #1.1: Educate the public and others on actions they can take to prevent or reduce loss or life or
property damage from all hazards.

Action Description:

Hazards to
be
Addressed:

Responsible
Entity:

Timeframe
for
Completion:

Estimated
Cost:

Priority:

Notes/Update:

Provide hazard and
disaster awareness and
preparedness
information to the
public, both residents
and visitors.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM

2011‐2016
Ongoing
annually

$10,000+

High

Keep
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Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM

2011‐2016
Ongoing
annually

$5,000+

High

Keep

Conduct town meeting
prior to start of
hurricane season, to
provide information to
residents.

Extreme
Wind;
Flooding

OEM

2011‐2016
Ongoing
Annually

$10,000

High

Keep

Purchase and
distribute NOAA All‐
Hazard radios or other
public notification
devices to public
facilities, schools, day
cares, medical facilities,
critical facilities, and
large public gathering
places.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

High

Primary and
Secondary Schools,
and non‐critical
school buildings,
(public schools
only,) dispatch‐
Keep

Use internet to provide
information to
residents and visitor
regarding natural
disasters, preparation
and protection.
Investigate use of
social media to provide
information.
Maintain use of One
Call Reaches All as
means of notification
and information.

OEM

2011‐2016

$100 per
unit
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Implement public
information and
education campaign to
educate residents and
businesses about
benefits of
xerogardening and
xeriscaping.

Drought

Public
Works

2011‐2016

$5,000

High

Keep‐ this is
ongoing.

Implement public
information and
education campaign to
educate residents and
businesses about
hazardous materials
incidents, evacuation
procedures in the event
of an accident, and
sheltering‐in‐place.

Hazardous
Materials
Incident

Galveston
Fire
Department,
OEM, Public
Works,
Police
Department

2011‐2016

$2,500

High

Keep

Implement public
information and
education campaign to
educate residents and
businesses on how to
reduce the threat of

Wildfire /
Urban Fire

Galveston
Fire
Department,
OEM

2011‐2016

$2,500

High

Keep

Increase on‐island
CERT capability and
capacity.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

County OEM

2011‐2016

$5,000

Moderat
e

Keep
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Goal #2: Improve capabilities, coordination and opportunities at the municipal level to plan and implement
hazard mitigation projects, programs and activities, especially through the use of GIS, coordination with
universities and colleges, and public/private partnerships.
Objective #2.1: Acquire and maintain detailed data regarding vulnerabilities, including critical facilities and
historic assets, so that these resources can be prioritized and assessed for mitigation actions.
Action Description:

Work cooperatively
with NOAA and other
agencies to conduct
workshop/study on sea
level rise in Galveston.

Implementation of
Sustainability
Plan/Program
Implementation

Hazards to
be
Addressed:
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Sea Level
Change
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Development
Department

2011‐2016

$5,000+

Moderat
e

Keep‐ this is
ongoing.

Development
Department

2011‐2016

$125,000

Moderat
e

Keep

July 27, 2017 – Page C‐21

The City of Galveston, Texas
Appendix C: Meeting Documentation

Implementation of
Greenprinting Plan for
areas east of West End
study.

Develop proposed land
use mapping to allow
easier consideration of
hazards in future
development.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

Moderat
e

Keep‐ may have the
ability implement
this more so now

Development
Department

2011‐2016

$10,000

Moderat
e

Partially Completed
using FEMA DFIRM
Data. No other
hazard information
is included

Consider /
Development of
structural acquisition
plan/procedures.

Flooding

Development
Department

2011‐2016

$10,000

Moderat
e

Keep

Consider /
Development of
structural elevation
plan/procedures.

Flooding

Development
Department

2011‐2016

$10,000

Moderat
e

Keep
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Consider alternative
methodologies for
determination of
substantial damage.

Extreme
Wind
Flooding
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

Moderat
e

Keep

Consider / Contract for
historic property
mitigation study, to
determine best
practices for mitigation
of homes on larger
scale.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$50,000

Moderat
e

Keep‐ More
discussions on Sea
Level Rise

Digitalization of paper
records, city‐wide, for
access post‐disaster
(mitigate data loss and
allow for continuity of
operations/governmen
t).

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Moderat
e

Fire Department is
~90% Completed.
Planning
Department is
working on this as
well. There are
backup servers that
are offsite after a
period of time
(maybe 90days).

Development

Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+
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Develop detailed
inventory of critical
facilities, to include
elevations, square
footage and contents
inventory.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development

Department,
Municipal
Utilities,
OEM

2011‐2016

$5,000

High

Keep‐ for owned
and leased
structures

Goal #3: Develop hazard mitigation policies and programs designed to reduce the impact of natural and
human caused hazards to people and property.
Objective #3.1: Seek ways to reduce losses to the National Flood Insurance Program, and to increase
participation in and compliance with the NFIP.
Timeframe
for
Completio
n:

Action Description:

Hazards to
be
Addressed:

Maintain Membership
of the NFIP’s
Community Rating
System.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level
Change;
Tsunami

Development
Department

2011‐2016

Consider adoption and
enforcement of
freeboard requirement
into City’s Flood
Damage Prevention
Ordinance.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level

Development
Department

2011‐2016

Responsibl
e Entity:

Estimate
d Cost:

Priority
:

Notes/Update:

$10,000

Moderat
e

Keep‐ Joined. Rated
as a 7. Want to
improve their
rating. KG‐
requested a copy of
their CRS Plan and
any Updates

$2,500

Moderat
e

Keep‐ have not
moved forward this
yet.
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Change;
Tsunami

Increase and Maintain
number of floodplain
managers in the
building division
through training and
certification.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level
Change;
Tsunami

Development
Department

2011‐2016

$10,000

Moderat
e

Keep‐ Now have 4
CFMs. Some have
taken the course
but are not certified.

Objective #3.2: Consider measures to ensure that modifications to existing development, as well as any future
development, will not put people or property in harm’s way, or will not increase threats to existing properties.
Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Support aggressive
beach nourishment
program to address
critical erosion areas.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

GLO,
Development
Department

Restore destroyed
dune systems to
decrease / mitigate
damage to public and
private property.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Timeframe
for
Completio
n:

2011‐2016

Estimate
d Cost:

Unknown

Priority
:

Notes/Update:

High

Keep. Some
progress has been
completed with this
action.

High

Keep. City is not
activly working on
this but the city
supports
homeowners who
work toward this.

GLO,
Development
Department,

Park Board,
Homeowner'
s
Associations
, Individual
Property
Owners.

2011‐2016

Unknown
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Install shoreline
protection devices in
areas subject to coastal
erosion to reinforce
dune systems.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

GLO,
Development
Department

2011‐2016

Unknown

Moderat
e

Keep

Goal #4: Identify and implement hazard mitigation projects to reduce the impact of hazard events and
disasters.
Objective #4.1: Pursue opportunities to mitigate identified Repetitive Loss and Severe Repetitive Loss
properties

Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Coastal
Erosion;
Coastal
Retreat;
Elevation, acquisition
Coastal
or other mitigation of
$80,000+
Subsidence;
identified Repetitive
Development
High
Keep
2011‐2016
(per
Department
Extreme
Loss and Severe
structure)
Wind;
Repetitive Loss
Flooding;
properties.
Sea Level
Change;
Tsunami
Objective #4.2: Pursue opportunities for structural mitigation projects and other projects to protect
infrastructure from hazards.
Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Exposed concrete and
rebar on public
beaches – remove
debris and threat to
public and private
property – reducing
property damage
during hazard events.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Public
Works, GLO,
USACE

2011‐2016

Unknown

High

Keep. Completed
but Ongoing for
future occurrences
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Elevate coastal roads to
better protect public
during evacuation and
to protect the roads
from flood damage,
where technically
feasible.

Implement improved
drainage projects and
better maintenance
program for clearing
drainage ditches.

Elevation of structures
at risk from flooding.

Install
security/surveillance
equipment at all
municipal facilities.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Hazardous
Materials
Incident;
Terrorism

FHWA,
TXDoT,
Public
Works

2011‐2016
Ongoing
project

Unknown

High

Keep. TXDOT
Elevated a Portion
of 3005 west end.

Public
Works

2011‐2016

Unknown

High

Keep. Ongoing
Action

Development
Department

2011‐2016

$50,000 ‐
$100,000
(per
structure)

Moderat
e

Keep

OEM

2011‐2016

$100,000

High

Keep
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Identify and purchase
needed vehicles and
equipment for public
safety departments.

Harden facility and
improve security at
unmanned municipal
utility facilities.

Acquisition and
demolition of
structures damaged by
flooding, including
abandoned structures.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Fire
Department,
Police
Department,
Public
Works,
Beach
Patrol, OEM

2011‐2016

$750,000

High

Keep

Municipal
Utilities

2011‐2016

#######

Moderat
e

Keep

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep
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Elevation or other
flood protection of
historic structures at
risk from flooding.

Study, evaluate, design
and construct flood
control methods, with
particular emphasis on
the protection of
critical facilities and
critical infrastructure.

Mitigation/hardening
of substantially
damaged structures
(historic/non‐historic).

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Biologic
Events;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tsunami
Extreme
Wind;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep

Public
Works

2011‐2016

$50,000+
(per
structure
or device)

Moderat
e

Keep

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep
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Identify critical
facilities and other
necessary public
buildings that require
emergency power
generation ‐ Purchase
and install emergency
power generators and
related housing and
connection equipment
at all critical facilities
or other necessary
public buildings.

Design and construct a
Safe Room (using
FEMA 361 design
guidance) to house
emergency personnel
and first responders
who must remain on
the island during
evacuations.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM, Public
Works

2011‐2016

Unknown

High

Keep

OEM, City
Manager’s
Office

2011‐2016

$25‐
$30MM

Moderat
e

Keep
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Perform retrofits of
public utilities
(including sanitary
sewer and drinking
water systems), which
may include the
following: inflow
guards on manhole
covers, elevated
electrical components,
flood proof or elevate
utility structures
within SFHAs, ring
berms around critical
facilities that cannot
feasibly be elevated,
watertight manhole
covers, tied down fuel
storage tanks.

Biologic
Events;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami

Public
Works

2011‐2016

$5,000+
per
project

Moderat
e

Keep. Ongoing
Action

2011‐2016

$10,000

Moderat
e

Keep. Some
completed.

2011‐2016

$25,000+

Moderat
e

Keep. Ongoing
Action

Development
Department,

Increase native canopy
by tree planting in
public rights‐of‐way to
reduce urban heat
levels.

Drought

Develop and
implement a system for
early detection /
notification of
hazardous materials
incidents, leaks and
accidents.

Hazardous
Materials
Incident

Public
Works,
Parks and
Recs.

Galveston
Fire
Department,
Public
Works, OEM
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Investigate eligibility
and benefits of
National Weather
Service’s “StormReady”
Community program –
Maintain program
membership

Extreme
Wind;
Lightning

OEM

2011‐2016

$2,500

Low

Keep. Joined and
renewed at
September 2015
(every three year
renewal).

Wind retrofit critical
facilities and those
other public buildings
that must function
following as extreme
wind event.

Extreme
Wind

OEM,
Developmen
t
Department,
Public
Works, City
Manager’s
Office

2011‐2016

$25,000+

Moderat
e

Keep

Develop and
implement stormwater
drainage system
improvements.

Flooding

Public
Works

2011‐2016

$25,000

Moderat
e

Keep

Moderat
e

Keep. Ongoing
Action. FEMA
Hydrant Project‐
Every hydrant will
be repaired,
replaced, or
pressure checked
within the next two
years.

Develop vegetation
management program
to mitigate spread and
fueling of fires.

Wildfire /
Urban Fire

Galveston
Fire
Department

2011‐2016

$5,000
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Investigate ways to
harden and protect
facilities and
infrastructure
belonging to Gulf Coast
Water Authority (Sole
source provider of
potable water to City) –
Implement projects as
funding becomes
available.

Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change

Municipal
Utilities

2011‐2016

$5,000+

High

Keep. Water Pipe
across the bay will
become the city's
responsibility soon
once the bonds are
paid off.

Rehabilitate the 1894
Bayline, for use as
emergency water
connection in the event
of failure or damage of
the water main.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change

Municipal
Utilities

2011‐2016

######
#

High

Keep. Currently
feasible but cost
prohibitive.

Implement plans for
elimination of on‐site
sewage treatment.

Biologic
Event;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Flooding;
Sea Level
Change

Development
Department,
Municipal
utilities

Moderat
e

Keep. This is for
septic tanks on west
end. Some are
industrial tanks on
harbor side of east
end.

Biologic
Event

Development
Department,
Municipal
utilities

Moderate

Drop. City has taken
a position that
grinder pumps are
not a preferred
option.

Monitor funding
sources for
opportunities to
provide assistance to
homeowners for
purchase of grinder
pumps (maintenance
would remain property
owner’s
responsibility).

2011‐2016

$10,000+
per
structure

2011‐2016

$5,000+
per
structure
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Investigate and
implement hardening
of IT and phone
(communication)
infrastructure, to
include off‐site/remote
facilities.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Developmen
t
Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+

High

Keep. Comcast fixed
their issue that the
base of the
causeway.
Hardening is taken
place. Phone
company buildings
have been
raised/switches/lin
es raised.

Increased
capacity/hardening for
internal departmental
communication.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Developmen
t
Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+

High

Keep. Multiple
layers of channels
now, V,W,X,Y, and Z.
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Develop a standby
application for post‐
disaster code
enforcement (includes
building, compliance,
planning, public works,
etc).

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

High

Keep

Copies of the presentations used to facilitate these meetings are available upon request, but
have not been included in this appendix due to size.

July 27, 2017 – Page C‐35

The City of Galveston, Texas
Appendix D: Public Participation Documentation

Appendix D
Public Participation Documentation
Contents of this Section
D.1
D.2
D.3

Summary of Public Participation in Planning Process
Public Review and Comment Period #1
Public Review and Comment Period #2

D.1 Summary of Public Participation in Planning Process
Galveston is a community with a long history of public participation in government processes, and
the mitigation planning process was no exception. Public comment and opinion was solicited from
the start of the planning process, beginning with a presentation at the City’s annual Hurricane Open
House.
The public’s comments regarding hazards and potential projects were considered in the
development of the hazard profiles and the mitigation goals, strategies and actions contained in this
mitigation plan. While members of the public were not invited to sit on the Stakeholder Committee
for security reasons, their input was considered by the Committee throughout the planning process.
Additionally, the draft plan was made available to the public for review and comment beginning in
March 2016. The draft plan was available on the City’s website (www.cityofgalveston.org), along
with a comment form.
The APA version of the plan was made available to the public for review and comment via the City’s
website from May 22 through June 15, 2017. Comments were accepted via a form on the website.
As is in keeping with the City’s standard practice, no public meeting was held to discuss the draft
plan, though it was discussed at a public City Council Meeting. Also in keeping with the City’s
standard practice, a public meeting was held to introduce the final plan prior to adoption by the
City Council.
The following sections contain various items, documenting the public’s participation in the
development of this hazard mitigation plan.
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D.2 Public Review and Comment Period #1
Prior to submission to TDEM, the review draft of the Plan was made available to the public for
review and comment. The draft plan and the public comment form was posted to the City’s website
during March 2016. No comments from the public were received.

D.3 Public Review and Comment Period #2
Prior to adoption, the final draft of the Plan was made available to the public for review and
comment. The draft plan and the public comment form was posted to the City’s website on
Monday, May 22, 2017. The comment period ran through June 15, 2017.
All comments received were considered prior to adoption of the plan.
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Appendix E
Tabular Data
Contents of this Section
E.1
E.2

E.1

City of Galveston Critical Asset Tabular Data
City of Galveston Historic Properties

City of Galveston Critical Asset Tabular Data
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1
COG Galveston Critical Asset

Asset Type

Office
Office/Shop/Fence/Flag Pole
Offices/Terminal
Runway Lights
Control Tower/Generator
City Hall/Tower
EMS Station
Fire Station #8
Fire Station #2
Fire Station #3
Fire Station #7
Fire/EMS Station #5
Fire Department Station #4
Diesel Storage Tank
Gas Building
Auto Repair
Parking
Maintenance Bldg
Dwelling
Dwelling
Dwelling
Dwelling

Administration
Administration
Airport
Airport
Airport
City Hall
EMS
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fuel
Fuel
Garage
Garage
Garage
Housing
Housing
Housing
Housing
Law
Enforcement
Law
Enforcement
Law
Enforcement
Parks &
Recreation

Police Property Room/Fence
Public Safety Building/Flag Pole/Generator
Police Department
Comfort Station

SFHA
100
Year
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

SFHA 500
Year

WFP Class

Asset Values

Content Values

No
No
No
No
No
No
Yes
No
No
Yes
No
No
No
No
No
No
No
No
No
No
Yes
No

Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable

$0
$961,875
$1,265,625
$405,000
$1,703,502
$4,583,576
$297,500
$242,142
$276,587
$315,338
$471,162
$0
$3,895,594
$18,043
$26,244
$1,387,446
$120,046
$165,255
$115,330
$146,597
$153,773
$157,874

$100,000
$75,000
$200,000
$200,000
$200,000
$1,000,000
$0
$75,000
$75,000
$100,000
$50,000
$150,000
$100,000
$120,000
$0
$200,000
$0
$50,000
$0
$0
$0
$0

Yes

No

Non‐burnable

$76,579

$30,000

Yes

No

Non‐burnable

$4,400,073

$950,000

Yes

No

Non‐burnable

$5,080,058

$992,380

Yes

No

Very Low

$80,167

$0
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COG Galveston Critical Asset
Lights
Playground Equipment
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Playground Equipment
Playground Equipment
Playground Equipment
Playground Equipment
Lights

Asset Type
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation

SFHA
100
Year

SFHA 500
Year

Yes

No

Very Low

$30,755

$0

Yes

No

Very Low

$25,629

$0

Yes

No

Non‐burnable

$41,006

$0

Yes

No

Non‐burnable

$32,805

$0

Yes

No

Non‐burnable

$35,880

$0

Yes

No

Non‐burnable

$55,358

$0

Yes

No

Very Low

$26,654

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$49,208

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$16,403

$0

No

Yes

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$25,629

$0

Yes

No

Non‐burnable

$46,132

$0
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COG Galveston Critical Asset
Playground Equipment
Lights
Recreation Center
Playground Equipment
Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment
Pavilion‐Basketball
Recreation Center
Playground Equipment
Pavilion
Generating Plant Bldg
Elec/Control Building/Generator
Lift Station #1
Lift Station #2
Lift Station #3
Lift Station #4
Lift Station #5
Lift Station #6
Main Bldg/Control Blower
Lift Station #2A
Lift Station #6
Lift Station #7
Lift Station #21

Asset Type
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities

SFHA
100
Year

SFHA 500
Year

Yes

No

Non‐burnable

$25,629

$0

Yes

No

Non‐burnable

$26,654

$0

Yes

No

Non‐burnable

$1,750,762

$150,000

Yes

No

Non‐burnable

$98,415

$0

No

No

Non‐burnable

$49,737,198

$1,000,000

No

No

Low

$71,761

$0

Yes

No

Non‐burnable

$266,131

$0

Yes

No

Non‐burnable

$3,249,540

$150,000

Yes

No

Non‐burnable

$512,578

$0

Yes

No

Non‐burnable

$86,831

$0

Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes

No
No
No
No
No
No
Yes
No
No
Yes
No
No
No

Non‐burnable
Very Low
Non‐burnable
Low
Very Low
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable

$392,840
$98,415
$50,233
$30,755
$43,057
$32,805
$43,057
$30,755
$72,171
$112,767
$151,006
$136,756
$128,760

$120,000
$82,000
$0
$0
$0
$0
$0
$0
$125,000
$0
$0
$0
$0
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COG Galveston Critical Asset

Asset Type

Lift Station #29
Lift Station #1
Lift Station #3
Lift Station #7
Lift Station #5
Lift Station #6
Lift Station #4
Public Works
Sanitation Office
Office Building
Storage/Construction Office
Traffic Sign Bldg
Computer Equipment
Storage (Old Fire Station)
Chlorine Bldg
Workshop/Storage
Phone Systems
Radio/Electronic Equipment
Scale House
Rentals/Fence
Rentals
Printing Office
Generator & Shelter
Offices/Bus Repair/Tower/Fence
Trolley Barn

Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Works
Public Works
Recycling
Storage
Storage
Storage
Storage
Storage
Storage
Support
Support
Support
Support
Support
Support
Support
Transit
Transit
Water/Waste
water
Water/Waste
water
Water/Waste
water

Digester
Blower Bldg/Office/Generator
Chlorine Building

SFHA
100
Year
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

SFHA 500
Year

WFP Class

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Non‐burnable
Very Low
Very Low
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable

Yes

No

Yes
Yes

Asset Values

Content Values

$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,121,253
$421,749
$66,635
$50,643
$109,692
$0
$304,164
$5,228
$7,996
$0
$0
$27,884
$139,011
$55,769
$41,006
$81,910
$3,796,875
$911,250

$0
$0
$0
$0
$0
$0
$0
$200,000
$50,000
$25,000
$0
$300,000
$1,000,000
$0
$0
$0
$450,000
$692,380
$0
$0
$0
$50,000
$0
$200,000
$50,000

Very Low

$102,516

$0

No

Very Low

$1,290,672

$1,200,000

No

Very Low

$21,842

$0
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COG Galveston Critical Asset
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen
30th St Pump Station
Pump House
Pump Station
Pump Station
Pump/Blower Bldg
Sewage Lift Pump House
Thickner Tank
Parts Storage
Sludge Press Building
190k gal Clarifier Tank
84k gal Digester Tank
15k gal Pressure Tank

Asset Type
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water

SFHA
100
Year

SFHA 500
Year

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$355,524

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Non‐burnable

$1,264,428

$100,000

Yes

No

Non‐burnable

$72,376

$400,000

Yes

No

Non‐burnable

$156,541

$92,000

Yes

No

Non‐burnable

$114,202

$0

Yes

No

Non‐burnable

$297,295

$500,000

Yes

No

Non‐burnable

$57,614

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Non‐burnable

$361,778

$100,000

Yes

No

Non‐burnable

$1,537,734

$0

Yes

No

Very Low

$439,690

$0

Yes

No

Very Low

$128,247

$0

Yes

No

Non‐burnable

$48,387

$0
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WFP Class

Asset Values

Content Values

The City of Galveston, Texas
Appendix E: Tabular Data
COG Galveston Critical Asset

Asset Type

15k gal Pressure Tank
160k gal Aerator Tank
SBR/Headworks/Chlorine/Digester
SBR Treatment/Sludge/Aeration/Controls
Operations Building/Generator
460k gal Ground Water Tank #1
460k gal Ground Water Tank #2
Main Bldg
Generator Bldg/Generator #1
Generator Bldg/Generator #2
Disinfectant Bldg/Chlorination System
Flow Control Bldg & Equipment
Improvements & Equipment

2
3

Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water

COG Galveston Critical Asset

Asset Type

Office
Office/Shop/Fence/Flag Pole

Administration
Administration

SFHA
100
Year

SFHA 500
Year

Yes

No

Non‐burnable

Yes

No

Yes

WFP Class

Asset Values

Content Values

$48,387

$0

Very Low

$419,084

$0

No

Very Low

$517,396

$0

Yes

No

Very Low

$638,467

$0

Yes

No

Very Low

$848,829

$20,000

Yes

No

Very Low

$289,402

$0

Yes

No

Very Low

$289,402

$0

Yes

No

Non‐burnable

$6,663,516

$150,000

Yes

No

Non‐burnable

$1,332,703

$0

Yes

No

Non‐burnable

$1,332,703

$0

Yes

No

Non‐burnable

$1,145,612

$0

Yes

No

Non‐burnable

$86,113

$0

Yes

No

Non‐burnable

$6,216,137

$0

SLOSH
Cat 1
Depth
Feet
NA
5.1'

SLOSH
Cat 2
Depth
Feet
NA
10.4'

SLOSH
Cat 3
Depth
Feet
NA
14.4'
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SLOSH
Cat 4
Depth
feet
NA
17.6'

SLOSH
Cat 5
Depth
Feet
NA
20.6'

Asset
Values
$0
$961,875

Content
Values
$100,000
$75,000

The City of Galveston, Texas
Appendix E: Tabular Data

COG Galveston Critical Asset

Asset Type

Offices/Terminal
Runway Lights
Control Tower/Generator
City Hall/Tower
EMS Station
Fire Station #8
Fire Station #2
Fire Station #3
Fire Station #7
Fire/EMS Station #5
Fire Department Station #4
Diesel Storage Tank
Gas Building
Auto Repair
Parking
Maintenance Bldg
Dwelling
Dwelling
Dwelling
Dwelling
Police Property Room/Fence
Public Safety Building/Flag
Pole/Generator
Police Department
Comfort Station
Lights
Playground Equipment
Lights
Lights
Lights

Airport
Airport
Airport
City Hall
EMS
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fuel
Fuel
Garage
Garage
Garage
Housing
Housing
Housing
Housing
Law Enforcement

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
6.4'
5.7'
NA
NA
5.3'
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.4'
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
10.3'
10.6'
9.7'
NA
10.5'
9.7'
NA
NA
NA
NA
NA
NA
NA
NA
7.7'
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
14.5'
14.6'
13.6'
NA
14.5'
13.7'
NA
NA
NA
NA
NA
NA
NA
NA
14.5'
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
17.1'
17.9'
17.1'
NA
17.8'
17.1'
NA
NA
NA
NA
NA
NA
NA
NA
17.9'
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
20.1'
21'
20'
NA
20.9'
20'
NA
NA
NA
NA
NA
NA
NA
NA
20.9'
NA
NA

Law Enforcement

NA

NA

NA

NA

Law Enforcement
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

NA
NA
5.1'
5.1'
NA
NA
NA

9.7'
9.9'
10.2'
10.2'
NA
NA
NA

13.7'
13.8'
14.2'
14.2'
NA
NA
NA

17.1'
17.1'
17.4'
17.4'
NA
NA
NA

July 27, 2017 – Page E‐8

Asset
Values

Content
Values

$1,265,625
$405,000
$1,703,502
$4,583,576
$297,500
$242,142
$276,587
$315,338
$471,162
$0
$3,895,594
$18,043
$26,244
$1,387,446
$120,046
$165,255
$115,330
$146,597
$153,773
$157,874
$76,579

$200,000
$200,000
$200,000
$1,000,000
$0
$75,000
$75,000
$100,000
$50,000
$150,000
$100,000
$120,000
$0
$200,000
$0
$50,000
$0
$0
$0
$0
$30,000

NA

$4,400,073

$950,000

20'
20.1'
20.2'
20.2'
NA
NA
NA

$5,080,058
$80,167
$30,755
$25,629
$41,006
$32,805
$35,880

$992,380
$0
$0
$0
$0
$0
$0

The City of Galveston, Texas
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COG Galveston Critical Asset

Asset Type

Lights
Lights
Lights
Lights
Lights
Lights
Lights
Playground Equipment
Playground Equipment
Playground Equipment
Playground Equipment
Lights
Playground Equipment
Lights
Recreation Center
Playground Equipment
Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment
Pavilion‐Basketball
Recreation Center
Playground Equipment
Pavilion
Generating Plant Bldg
Elec/Control Building/Generator
Lift Station #1
Lift Station #2
Lift Station #3
Lift Station #4
Lift Station #5

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
5.1'
NA
NA
NA
NA
NA
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
9.7'
9.7'
NA
NA
NA
NA
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
13.5'
13.6'
13.6'
NA
13.5'
NA
NA
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
17.2'
17.1'
17.1'
NA
17.2'
NA
NA
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
20.1'
20'
20'
NA
20.1'
NA
NA
NA
NA

Parks & Recreation

6.4'

10.3'

14.1'

17.2'

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities

NA
NA
6.4'
NA
6.4'
NA
5.1'
NA
5.3'
5.3'
5.1'
NA

NA
NA
10.3'
NA
10.3'
9.9'
10.4'
NA
10.5'
10.4'
10.4'
NA

NA
NA
14.5'
NA
14.5'
13.8'
14.4'
NA
14.4'
14.4'
14.4'
NA

NA
NA
17.1'
NA
17.1'
17.1'
17.6'
NA
17.7'
17.7'
17.6'
NA
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Asset
Values

Content
Values

$55,358
$26,654
$20,503
$49,208
$20,503
$20,503
$16,403
$61,509
$61,509
$61,509
$25,629
$46,132
$25,629
$26,654
$1,750,762
$98,415

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$150,000
$0

20'

$49,737,198

$1,000,000

NA
NA
20.1'
NA
20.1'
20.1'
20.6'
NA
20.8'
20.7'
20.6'
NA

$71,761
$266,131
$3,249,540
$512,578
$86,831
$392,840
$98,415
$50,233
$30,755
$43,057
$32,805
$43,057

$0
$0
$150,000
$0
$0
$120,000
$82,000
$0
$0
$0
$0
$0

The City of Galveston, Texas
Appendix E: Tabular Data

COG Galveston Critical Asset

Asset Type

Lift Station #6
Main Bldg/Control Blower
Lift Station #2A
Lift Station #6
Lift Station #7
Lift Station #21
Lift Station #29
Lift Station #1
Lift Station #3
Lift Station #7
Lift Station #5
Lift Station #6
Lift Station #4
Public Works
Sanitation Office
Office Building
Storage/Construction Office
Traffic Sign Bldg
Computer Equipment
Storage (Old Fire Station)
Chlorine Bldg
Workshop/Storage
Phone Systems
Radio/Electronic Equipment
Scale House
Rentals/Fence
Rentals
Printing Office
Generator & Shelter
Offices/Bus Repair/Tower/Fence

Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Works
Public Works
Recycling
Storage
Storage
Storage
Storage
Storage
Storage
Support
Support
Support
Support
Support
Support
Support
Transit

SLOSH
Cat 1
Depth
Feet
NA
5.2'
NA
NA
5.1'
5.1'
6.4'
5.4'
5.1'
NA
5.2'
5.2'
5.2'
NA
NA
5.1'
NA
NA
NA
NA
NA
5.1'
NA
NA
NA
NA
NA
NA
5.2'
NA

SLOSH
Cat 2
Depth
Feet
NA
10.4'
NA
NA
9.7'
10'
10.5'
10.5'
10.4'
NA
10.4'
10.4'
10.4'
NA
9.9'
9.8'
NA
NA
NA
NA
NA
9.8'
NA
NA
9.9'
NA
NA
NA
10.4'
NA

SLOSH
Cat 3
Depth
Feet
NA
14.4'
NA
NA
13.6'
14'
14.4'
14.5'
14.4'
NA
14.4'
14.4'
14.3'
NA
13.8'
13.8'
NA
NA
NA
NA
NA
13.8'
NA
NA
13.8'
NA
NA
NA
14.4'
NA
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SLOSH
Cat 4
Depth
feet
NA
17.6'
NA
NA
17.1'
17.3'
17.7'
17.9'
17.6'
NA
17.6'
17.6'
17.5'
NA
17.1'
17.1'
NA
NA
NA
NA
NA
17.1'
NA
NA
17.1'
NA
NA
NA
17.6'
NA

SLOSH
Cat 5
Depth
Feet
NA
20.7'
NA
NA
20'
20.4'
20.6'
20.9'
20.6'
NA
20.7'
20.7'
20.6'
NA
20.1'
20.1'
NA
NA
NA
NA
NA
20.1'
NA
NA
20.1'
NA
NA
NA
20.7'
NA

Asset
Values
$30,755
$72,171
$112,767
$151,006
$136,756
$128,760
$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,121,253
$421,749
$66,635
$50,643
$109,692
$0
$304,164
$5,228
$7,996
$0
$0
$27,884
$139,011
$55,769
$41,006
$81,910
$3,796,875

Content
Values
$0
$125,000
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$200,000
$50,000
$25,000
$0
$300,000
$1,000,000
$0
$0
$0
$450,000
$692,380
$0
$0
$0
$50,000
$0
$200,000

The City of Galveston, Texas
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COG Galveston Critical Asset

Asset Type

Trolley Barn
Digester
Blower Bldg/Office/Generator
Chlorine Building
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen
30th St Pump Station
Pump House
Pump Station
Pump Station
Pump/Blower Bldg
Sewage Lift Pump House
Thickner Tank
Parts Storage
Sludge Press Building
190k gal Clarifier Tank
84k gal Digester Tank
15k gal Pressure Tank
15k gal Pressure Tank
160k gal Aerator Tank
SBR/Headworks/Chlorine/Digester
SBR
Treatment/Sludge/Aeration/Controls
Operations Building/Generator
460k gal Ground Water Tank #1
460k gal Ground Water Tank #2
Main Bldg

Transit
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.2'
5.2'
5.1'
5.1'
5.2'
5.8'

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
9.9'
NA
9.9'
NA
NA
NA
9.9'
10.4'
10.4'
10.4'
10.4'
10.4'
10.6'

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
13.8'
NA
13.8'
NA
NA
NA
13.8'
14.4'
14.4'
14.4'
14.4'
14.4'
14.7'

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
17.1'
NA
17.1'
NA
NA
NA
17.1'
17.6'
17.6'
17.6'
17.6'
17.6'
18'

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
20.1'
NA
20.1'
NA
NA
NA
20.1'
20.7'
20.7'
20.6'
20.6'
20.7'
21.1'

Water/Wastewater

5.8'

10.6'

14.7'

18'

Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

5.8'
5.1'
5.1'
NA

10.6'
10.4'
10.4'
NA

14.7'
14.4'
14.4'
NA

18'
17.6'
17.6'
NA
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Asset
Values

Content
Values

$911,250
$102,516
$1,290,672
$21,842
$124,044
$124,044
$124,044
$355,524
$124,044
$1,264,428
$72,376
$156,541
$114,202
$297,295
$57,614
$124,044
$361,778
$1,537,734
$439,690
$128,247
$48,387
$48,387
$419,084
$517,396

$50,000
$0
$1,200,000
$0
$0
$0
$0
$0
$0
$100,000
$400,000
$92,000
$0
$500,000
$0
$0
$100,000
$0
$0
$0
$0
$0
$0
$0

21.1'

$638,467

$0

21.1'
20.6'
20.6'
NA

$848,829
$289,402
$289,402
$6,663,516

$20,000
$0
$0
$150,000

The City of Galveston, Texas
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COG Galveston Critical Asset

Asset Type

Generator Bldg/Generator #1
Generator Bldg/Generator #2
Disinfectant Bldg/Chlorination
System
Flow Control Bldg & Equipment
Improvements & Equipment

Water/Wastewater
Water/Wastewater

SLOSH
Cat 1
Depth
Feet
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA

Water/Wastewater

NA

NA

NA

NA

Water/Wastewater
Water/Wastewater

NA
NA

NA
NA

NA
NA

NA
NA

Asset
Values

Content
Values

$1,332,703
$1,332,703

$0
$0

NA

$1,145,612

$0

NA
NA

$86,113
$6,216,137

$0
$0

4
5
6
7

E.2

City of Galveston Historic Asset Tabular Data

Historic Property Name
Lasker Home for Homeless
Children
Building at 1925‐1927 Market
Street
Building at 1921‐1921 1/2
Avenue D
City Hall
Eiband's
House at 2528 Postoffice St.
I.O.O.F. Lodge
Marschner Building
Model Laundry
Pix Building
Reedy Chapel‐AME Church
Robinson Building
Rosenberg Library

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Non‐Burnable

NA

NA

NA

NA

NA

No

Non‐Burnable

NA

NA

NA

NA

NA

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

SFHA 100
Year

SFHA
500 Year

National

Yes

No

National

Yes

National
National
National
National
National
National
National
National
National
National
National

Designation

WFP Class
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Historic Property Name

Designation

Scottish Rite Cathedral
Star Drug Store
Texas Building
City National Bank
First Evangelical Lutheran Church
House at 2017‐2023 Avenue I
Jean Lafitte Hotel
Merimax Building
Shaw, M. W., Building
U.S. National Bank
Ashton Villa
Beissner, Henry, House
Bishop's Palace
Galveston Orphans Home
Galvez Hotel
Grace Episcopal Church
Grand Opera House
Hagemann, John, House
McKinney‐McDonald House
Menard, Michel B., House
Old Galveston Customhouse
Powhatan House
St. Mary's Cathedral
St. Joseph's Church
Trueheart‐Adriance Building
Williams, Samuel May, House
Ashbel Smith Building
First Presbyterian Church
Kempner, Daniel Webster, House
Sealy, George, House

National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National

SFHA 100
Year

SFHA
500 Year

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No

WFP Class
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
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SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
5.8'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.8'
NA
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
9.8'
NA
NA
NA
NA
NA
NA
9.7'
NA
NA
NA
9.7'
NA
NA
NA
NA
NA
NA
9.6'
9.8'
NA
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
13.8'
NA
NA
NA
NA
NA
NA
13.6'
NA
NA
NA
13.6'
NA
NA
NA
NA
NA
NA
13.4'
13.7'
NA
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
17.1'
NA
NA
NA
NA
NA
NA
17.1'
NA
NA
NA
17.1'
NA
NA
NA
NA
NA
NA
17.2'
17.1'
NA
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
20'
NA
NA
NA
NA
NA
NA
20.1'
NA
NA
NA
20'
NA
NA
NA
NA
NA
NA
20.1'
20'
NA
NA
NA
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Historic Property Name
Trinity Protestant Episcopal
Church
Sweeney‐Royston House
Steffens‐‐Drewa House Complex
Willis‐‐Moody Mansion
Hutchings, Sealy, House
Illies Building‐‐Justine
Apartments
Melrose Apartment Building
Galveston US Post Office, Custom
House and Courthouse
Levy, E.S., Building
2512 Ave P 1/2
2012 29th St
The Christian Wolfer House
Garten Verein
Samuel May Williams Home
Hitchcock House
Ashton Villa
Sealy Garage
City Hall
2125 Church
Texas Building
2219 Market
J Reymershoffer Building
Tremont Hotel
30th St Pump Station
Galveston Cemetery
Galveston Cemetery
Medical Arts Building
Smith House

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Non‐Burnable

NA

NA

NA

NA

NA

No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

No

Yes

Non‐Burnable

NA

9.7'

13.6'

17.1'

20.1'

National

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

National

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

National
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local

Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Very Low
Very Low
Non‐Burnable
Non‐Burnable

NA
6.4'
6.4'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
10.3'
10.3'
9.6'
NA
9.6'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
14.5'
14.5'
13.4'
NA
13.4'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
17.1'
17.1'
17.2'

NA
20.1'
20.1'
20.1'

17.2'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

20.1'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

SFHA 100
Year

SFHA
500 Year

National

Yes

No

National
National
National
National

Yes
Yes
Yes
Yes

National

Designation

WFP Class
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Historic Property Name

Designation

Purity Ice Cream Sign
John Davidson Samuel Moore
Penland House
Schmidt House
Mt. Olive Missionary Baptist
Church
Alley House
Star State Co No.3 Fire House

Local

Yes

No

Non‐Burnable

SLOSH
Cat 1
Depth
Feet
NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local
Local

No
Yes

Yes
No

Non‐Burnable
Non‐Burnable

NA
NA

9.7'
NA

13.6'
NA

17.1'
NA

20'
NA

SFHA 100
Year

SFHA
500 Year

WFP Class

8
9
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SLOSH
Cat 2
Depth
Feet
9.7'

SLOSH
Cat 3
Depth
Feet
13.6'

SLOSH
Cat 4
Depth
feet
17.1'

SLOSH
Cat 5
Depth
Feet
20'
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Appendix F
Repetitive Loss
Contents of this Section
F.1
F.2

F.1

Repetitive Loss Properties
City of Galveston’s Repetitive Loss Property Listing

Repetitive Loss Properties

Flooding, being a catastrophic peril, results in substantial loss whenever and wherever it occurs.
Although flood coverage is provided by the federal government, it is still critical that resources used
to respond to losses be used carefully. Throughout its history, the NFIP has been seriously affected
by the level of loss payments it has made more than once to repair or replace certain properties.
These properties are called Repetitive Loss properties (RL) and they represent both a severity and
a frequency exposure to the NFIP.
In a 2005 study by the Congressional Research Service (a branch of the library of Congress), it was
reported that, over the life of the NFIP program, 1% of the NFIP policies represented RLPs and that
group accounted for 30% of the program’s losses. The study also identified several major
contributors to RLPs including:




RL properties typically involve older properties that received grandfathering. In other
words, NFIP flood mitigation rules and requirements don’t apply to such structures since
they existed prior to the establishment of the programs. The premiums charged for such
properties are heavily subsidized rates.
RL properties that suffer only partial losses (less than 50% of their value) do not have to be
rebuilt according to floodplain management standards that apply to “substantially
damaged” properties. Therefore, their vulnerability to future flood losses is maintained.
This creates both a severity and a frequency problem.
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F.2 City of Galveston’s Repetitive Loss Property Listing
Within its jurisdiction, the City of Galveston contains 492 Repetitive Loss Properties and 27 Severe
Repetitive Loss Properties. This list is current as of July 31, 2015.
This information is protected by the Privacy Act of 1974, 5 U.S.C. § 552a, Public Law No. 93‐579,
(Dec. 31, 1974), and will not be provided in detail in this Plan.
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Appendix G
Annual Progress Reports
Contents of this Section
G.1
G.2
G.3
G.4
G.5

2017 Progress Report
2018 Progress Report
2019 Progress Report
2020 Progress Report
2021 Progress Report

G.1

2017 Progress Report

G.2

2018 Progress Report

G.3

2019 Progress Report

G. 4

2020 Progress Report

G.5

2021 Progress Report
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Executive Summary
Contents of this Section
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Overview
Organization of the Plan (Updated)
Hazards and Risks (Updated)
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Planning Process (Updated)
Adoption and Approval (Updated)
Implementation (Updated)
Monitoring and Updating the Plan (Updated)

2.1 Overview
On October 30, 2000, the President signed into law the Disaster Mitigation Act of 2000, also
known as DMA 2000. Among its other features, DMA 2000 established a requirement that to
remain eligible for federal disaster assistance and grant funds, local and state governments
must develop and adopt hazard mitigation plans. On February 26, 2002, the Federal Emergency
Management Agency (FEMA) published an Interim Final Rule (IFR) that set forth the guidance
and regulations under which such plans are supposed to be developed. The IFR provides
detailed descriptions of both the planning process that states and localities are required to
observe and the contents of the plan that emerges. The IFR requirements were later codified
into 44 CFR, §201.6. This City of Galveston Hazard Mitigation Plan (the Plan) responds to those
requirements.
Hazard mitigation is often defined as actions taken to reduce the effects of natural hazards on a
place and its population. The City of Galveston developed this Plan because of awareness that
natural hazards, especially flood and wind, have the potential to affect people, physical assets,
and operations in the City.
Contact information for the Plan is:
Rosana Pratt
Deputy Emergency Management Coordinator
PO Box 779
Galveston, TX 77553
(409) 765‐3710
rpratt@galvestontx.gov
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The purpose of a mitigation plan is to rationalize the process of determining appropriate hazard
mitigation actions. The document includes a detailed characterization of natural hazards that
can affect the City; a risk assessment that describes potential losses to physical assets, people,
and operations; a set of goals, objectives, strategies, and actions that will guide the City
mitigation activities; and a detailed plan for implementing and monitoring the Plan.
This Plan focuses on 17 city‐wide hazards with the highest potential for damaging physical
assets, people, and operations in Galveston. These hazards are:


















Biologic Event
Coastal Hazards (Erosion, Retreat, and Subsidence)
Drought
Environmental Disaster
Extreme Heat
Extreme Wind
Expansive Soils
Flooding
Hail
Hazardous Materials Incident (Fixed Site and Transport)
Lightning
Sea Level Change
Severe Winter Storm
Tsunami
Wildfire / Urban Fire
Tropical Systems and Hurricanes
Tornadoes

Both the risk assessment and mitigation action plan sections reflect this emphasis, which was
the result of careful consideration by the City of Galveston Hazard Mitigation Plan Stakeholder
Committee (HMPSC).

2.2 Organization of the Plan (updated)
The Plan is organized to parallel the structure provided in the IFR. The Plan has 10 sections.
Section 01
Section 02
Section 03
Section 04
Section 05

Table of Contents
Executive Summary
Context
Adoption and Approval
Planning Process

July 27, 2017 ‐ Page 2‐2

The City of Galveston, Texas
Section 02: Executive Summary
Section 06
Section 07
Section 08
Section 09
Section 10
Appendices

Hazard Identification, Profiling, and Ranking
Risk Assessment
Capability Assessment
Mitigation Action Plan
Plan Monitoring and Maintenance

There are references to the IFR throughout the Plan. Where possible, these provide specific section
and subsection notations to aid the review process. The Plan also includes references to the FEMA
Plan Review Tool, which is used in reviewing mitigation plans.

2.3 Hazards and Risks (updated)
2.3.1 Hazards
Sections 06 and 07 of this Plan include detailed descriptions of the process that was used to
assess and prioritize the City’s risks from natural hazards, qualitative risk assessments for the
City and more detailed assessments for certain asset classes.
The HMPSC used an evaluation system with five criteria to reduce the range of hazards to those
with the most potential to impact the City. The criteria are also discussed in detail in Section 06. The
criteria included: (1) History, (2) Potential for mitigation, (3) Presence of susceptible areas, (4)
Data availability, (5) Federal Disaster Declarations and local emergency declarations.
Because of this evaluation, the HMPSC determined that 17 hazards present the greatest risk to
the City and its residents; the hazards with the greatest risk identified are:
Biologic Event (updated)
Coastal Hazards (updated)
Drought (updated)
Environmental Disaster (updated)
Expansive Soils (new)
Extreme Heat (new)
Extreme wind (updated and separated)
Flooding (updated)
Hail (new)
Hazardous Materials Incident (updated)
Lightning (updated)
Sea Level Change (updated)
Severe Winter Storm (new)
Tsunami (updated)
Wildfire/Urban Fire (updated)
Tropical Systems and Hurricanes (updated and separated)
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Tornadoes (updated and separated)
For each of the profiled hazards, the profiles in Section 06 include:







Description
Location
Extent/Severity
Impact on Life and Property
Probability of a future occurrence

One hazard was eliminated from the previous version of the plan: terrorism. It was determined
by the HMPSC that the threat should no longer be included in this plan, as there were planning
mechanisms better suited to address the threat. Four new hazards were added to the plan
update, including extreme heat, expansive soils, hail, and severe winter storm.

2.3.2 Risks
A risk calculation is a FEMA requirement. Risk is a numerical indication of potential future
damages. Although a range of events from tsunami to hazardous materials incidents all have some
potential to affect the City of Galveston, extreme wind and flooding are clearly the most significant
City‐wide hazards, based on the criteria and experience.
The City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) conducted a risk
assessment exercise to determine the vulnerabilities to assets within the planning area. The
exercise was conducted at an HMPSC meeting. The updated hazard profiles were used as the basis
to determine the vulnerability of and risk to assets within the City.
All hazards profiled received a qualitative risk assessment. After discussion and consideration, the
HMPSC determined that five of the profiled hazards posed significant enough risk to warrant a
quantitative risk assessment.
These five City‐wide were selected for much more detailed assessments and estimations of future
damages. The risk assessment found in Section 07 describes and analyzes the risks and
vulnerabilities to the City from the hazards profiled in Section 06 Hazard Identification, Profiling,
and Ranking. The assessment includes a vulnerability description and information as to the
identified risk to public and private assets (where applicable).
Prioritizing the potential impacts of hazards on City assets was based on both a quantitative and a
qualitative analysis of the identified hazards. This allowed the HMPSC to focus planning effort on
the hazards most likely to cause future impacts to the community. The HMPSC used historical data,
local knowledge and experience to rate the exposure, probability and impact of each of these
hazards. Each hazard identified and profiled received a qualitative risk assessment. The anticipated
impact of the hazards was then assigned a value of Low, Moderate, or High. Table 2.3.2‐1
(following) describes the definitions assigned to these terms.
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Table 2.3.2‐1
Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment

Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment
Term

Low

Moderate

High

Potential Impact to
People (Life
Safety/Livelihood)
Some injuries
possible but
unlikely
Injuries expected,
some deaths
possible

Several deaths
expected

Potential Impact to
Buildings/Critical
Facilities
Cosmetic damages
to structures
Loss of Function for
less than 1 day
Some structural
damages
Loss of Function for
1‐2 days
Some structures
irreparably
damaged
Loss of Function for
3‐5 days

Potential Impact to
Infrastructure
Some roads/bridges
temporarily blocked
Temporary power loss
Road/bridge closures
Power and utility loss

Long‐term road/bridge
closures
Long‐term power and
utility loss

These ratings were then used to determine the qualitative ranking of the hazards, the City’s risk
of exposure to the hazard, the probability of the hazard occurring and the potential impact of
that hazard to the City.
Section 07 includes details about calculation methodologies and results of the City‐wide risk
assessment.

2.4 Goals, Objectives, and Actions
Section 09 of this Plan describes the City of Galveston’s priorities for mitigation actions. The section
divides the actions by priority, and describes the funding required, sources of funding, the level of
support, and the timing of the action. The section also includes the City’s hazard mitigation goals
and objectives.

2.5 Planning Process
Section 05 provides details about the process that was used to update this Plan. The process closely
followed the guidance in the FEMA 386 series of planning guidance, which recommend a four‐stage
process for developing mitigation plans.
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Step 1 Organize resources
Step 2 Assess risks
Step 3 Develop a mitigation plan
Step 4 Implement the plan and monitor progress

Step 1, organizing resources, is described in Section 05 (Planning Process). The section
includes details about who was involved, the processes that were used to establish leadership
and advisory groups, and public and other outreach and
involvement efforts.
Step 2, the risk assessment, was completed by the
HMPSC. The Risk Assessment is included as Section 07 of
the Plan, and is preceded by a separate Hazard
Identification, Profiling, and Ranking discussion in
Section 06.
Step 3, development of the Mitigation Plan is described
in Section 05 (Planning Process) and Section 09
(Mitigation Action Plan). Section 05 includes details
about who was involved, the processes that were used,
and the products that were developed. Section 09
includes specific details about the identification and
development of mitigation goals, objectives, and actions
based upon Section 07 (Risk Assessment) and Section 08
(Capability Assessment).
Step 4, implementing the Plan, is described in the Mitigation Action Plan in Section 09, which
includes details about who is responsible for implementation of specific strategies and actions;
and in Section 10, the Plan Monitoring and Maintenance section, which describes long‐term
implementation through periodic updates and reviews.

2.6 Adoption and Approval (updated)
The City of Galveston’s Emergency Management Coordinator and Director of Planning and
Community Development, with the endorsement of the HMPSC, was responsible for recommending
plan approval to City of Galveston City Council. Consistent with that recommendation, the Galveston
City Council approved this Hazard Mitigation Plan on July 27, 2017. Following adoption, the Plan
was submitted to FEMA Region VI. FEMA reviewed and approved the Plan in August 2017.
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2.7 Implementation (updated)
The implementation process is described as part of the specific actions in the Mitigation Action
Plan in Section 09.

2.8 Monitoring and Updating the Plan (updated)
Section 10 (Plan Monitoring and Maintenance) describes the schedule and procedures for ensuring
that the Plan stays current. The section identifies when the Plan must be updated, who is
responsible for monitoring the Plan, and ensuring that the update procedures are implemented.
This section provides a combination of cyclical dates (oriented toward FEMA requirements) and
triggering events that will initiate amendments and updates to the Plan. The City of Galveston’s
Emergency Management Coordinator (or designee) is responsible for monitoring the Plan and
initiating the cyclical update process.
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Geography, Climate, and Population (Updated)
The State of Texas Hazard Mitigation Plan (2013)
Federal Planning Requirements

3.1 Introduction
The recommendations in the City of Galveston Hazard Mitigation Plan Update are based on
identification of past and potential problems due to natural and man‐made hazards. As part of the
process of identifying potential problems, it is useful to understand the physical characteristics of
this barrier island community. It is also important to understand any related planning efforts by the
Texas Division of Emergency Management (TDEM), as well as requirements of the federal
government regarding hazard mitigation plans. In addition, this section provides definitions for key
terms used throughout the Plan.

3.2 Geography, Climate, and Population
3.2.1 Geography
The City of Galveston, the county seat of Galveston County, is in southeastern Texas, approximately
50 miles southeast of Houston. It occupies almost the entire area of Galveston Island, except for the
incorporated Village of Jamaica Beach, a state park, and two other small, unincorporated areas of
Galveston County. The island is almost 28 miles long and 0.5 to 2.9 miles wide (at its widest point),
and covers an area of approximately 209 miles². The island lies approximately two miles off the
coast of Texas, and is bounded to the north by West Bay, to the northeast by Galveston Bay and
Galveston Channel, to the south and east by the Gulf of Mexico, and to the west by San Luis Pass.
Figure 3.2.1‐1 (following) illustrates the location and area incorporated by the City of Galveston.
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Figure 3.2.1‐1
Galveston Map

Transportation
Scholes International Airport at Galveston is a two‐runway airport; the airport is primarily used for
general aviation, offshore energy transportation, and some limited military operations. The nearest
commercial airline service for the city is operated out of Houston through William P. Hobby Airport
and George Bush Intercontinental Airport. The University of Texas Medical Branch has two
heliports, one for Ewing Hall and one for its trauma center.
The Galveston Railway, originally established and named in 1854 as the Galveston Wharf and
Cotton Press Company, is a Class III terminal switching railroad that primarily serves the
transportation of cargo to and from the Port of Galveston. The railway operates 32miles of yard
track at Galveston, over a 50‐acre facility. Island Transit, which operates the Galveston Island
Trolley manages the city's public transportation services. Bus service is operated by Greyhound Bus
Lines out of the Galveston Station. The Port of Galveston encompasses more than 850 acres, and is
the oldest commercial port in Texas. Major Port operations include cargo, rail‐barge link, general
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dock operations, shipyard facilities, rental operations, retails and commercial areas, and is home to
several cruise ship vessels.
Interstate 45 has a southern terminus in Galveston, and serves as a main artery to Galveston from
mainland Galveston County, Harris County and Houston. Farm‐to‐Market Road 3005 (locally called
FM 3005) connects Galveston to Brazoria County via the San Luis Pass‐Vacek toll bridge. State
Highway 87, known locally as Broadway Street, connects the island to the Bolivar Peninsula via the
Bolivar Ferry.
History
Named after Bernardo de Gálvez y Madrid, Count of Gálvez, Galveston's first European settlements
on the island were constructed in 1816. The Port of Galveston was established in 1825 by the
Congress of Mexico following its successful revolution from Spain. The city served as the main port
for the Texas Navy during the Texas Revolution, and later served as the capital of the Republic of
Texas. During the 19th century, Galveston became a major US commercial center and one of the
largest ports in the US. Galveston is known for the hurricane that devastated the city in 1900. That
natural disaster remains the deadliest in American history.
At the end of the 19th century, the city of Galveston had a population of 37,000. Its position on the
natural harbor of Galveston Bay along the Gulf of Mexico made it the center of trade in Texas, and
one of the largest cotton ports in the nation, in competition with New Orleans. During this Golden
Era of Galveston's history, the city was home to a number of state firsts that include among others
the first post office (1836), the first naval base (1836), the first Texas chapter of a Masonic order
(1840); the first cotton compress (1842), the first parochial school (Ursuline Academy) (1847), the
first insurance company (1854), the first gas lights (1856), the first opera house (1870), the first
orphanage (1876), the first telephone (1878) and the first electric lights (1883).
During the post‐Civil War period, leaders such as George T. Ruby and Norris Wright Cuney, who
headed the Texas Republican Party, promoted African‐American civil rights helping to drastically
improve educational and employment opportunities for minorities in Galveston and in Texas.
1900 Storm and Recovery
In 1900, the Island was decimated by a hurricane. This storm remains the deadliest natural disaster
in US history. The City was devastated, and an estimated 6,000 to 8,000 people on the island were
killed. Following the storm, a 10‐mile long, 17‐foot‐high seawall was constructed to protect the city
from floods and hurricane storm surge. A team of engineers devised a plan to elevate existing
portion of the city to a sufficient elevation behind a seawall so that confidence in the city could be
maintained. The end result was an increase in elevation of 8‐12 feet above sea level on the eastern
third of the Island. The area is further protected by the Seawall. To expedite their recovery from
the 1900 Hurricane, the City also developed the city commission form of city government, known as
the "Galveston Plan".
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Despite attempts to draw new investment to the city after the hurricane, Galveston never fully
returned to its previous levels of national importance or prosperity. Development was also
hindered by the construction of the Houston Ship Channel, which brought the Port of Houston into
direct competition with the natural harbor of the Port of Galveston for sea traffic. To further
recovery, and rebuild the population, Galveston actively solicited immigration. Through local
efforts, Galveston became the focus of an immigration plan called the Galveston Movement that,
between 1907 and 1914, diverted roughly 10,000 Eastern European, Jewish immigrants from the
crowded cities of the Northeastern US. Additionally, numerous other immigrant groups, including
Greeks, Italians and Russian Jews came to the city during this period. This immigration trend
substantially altered the ethnic makeup of the island, as well as many other areas of Texas and the
western US.
Though the storm stalled economic development and the city of Houston grew into the region's
principal metropolis, Galveston economic leaders recognized the need to diversify from the
traditional port‐related industries. In 1905 William Lewis Moody, Jr. and Isaac H. Kempner,
members of two of Galveston's leading families, founded the American National Insurance
Company; and two years later, Mr. Moody would further invest in Galveston by establishing the City
National Bank, which would later become the Moody National Bank.
During the 1920s and 1930s, the City re‐emerged as a major tourist destination. The City took
advantage of Prohibition, and in clubs like the Balinese Room offered entertainment, gambling and
liquor to wealthy Houstonians and other out‐of‐towners. Combined with prostitution which had
existed in the city since the Civil War, Galveston became known as the sin city of the Gulf.
Galvestonians accepted and even supported the illegal activities, often referring to their island as
the "Free State of Galveston”. The island had entered what would later become known as the Open
Era.
The 1930s and 1940s brought much change to the Island City. During World War II, the Galveston
Municipal Airport, predecessor to Scholes International Airport, was re‐designated a U.S. Army Air
Corps base and named Galveston Army Air Field. In January 1943, Galveston Army Air Field was
officially activated with the 46th Bombardment Group serving an anti‐submarine role in the Gulf of
Mexico.
The Galveston Seawall
The Galveston Seawall is a seawall that was built after the Galveston Hurricane of 1900 for
protection from future hurricanes. Construction began in September, 1902, and the initial segment
was completed on July 29, 1904. From 1904 to 1963, the seawall was extended from 3.3 miles to
over 10 miles long. Reporting in the aftermath of the 1983 Hurricane Alicia, the Corps of Engineers
estimated that $100M in damage was avoided because of the seawall. On September 13, 2008
Hurricane Ike's storm surge and large waves over‐topped the seawall.
The seawall is presently little more than 10 miles long. It is approximately 17 feet above sea level,
and 16 feet thick at its base. The seawall was listed in the National Register of Historic Places in
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1977 and designated a National Civil Engineering Landmark by the American Society of Civil
Engineers (ASCE) in 2001.
Topography
The topography of Galveston Island is generally low, with little variation. The eastern 10 miles of
the island is fronted by the massive Galveston Seawall. The seawall was built to an average height of
approximately 17 feet (NAVD88). The land surface behind it is graded uniformly to slope
downward to the north, from an elevation of approximately 14 to 18 feet adjacent to Seawall
Boulevard to approximately 8 to 9 feet in the shipping industrial area of Galveston Harbor, near
Galveston Channel. Natural elevation averages approximately 6 feet along the remaining 20 miles of
the island, west of the Seawall. Due to increased storm‐related and long‐term erosion, frontal dunes
along this stretch of the coast are small, and therefore provide minimal protection against wave
action, particularly storm‐induced waves. Galveston Island is lightly vegetated, with the majority of
the open land previously used for ranching. Outside of the downtown area, the island is
characterized by numerous sand ridges and swales. Large areas lying along the northern shoreline
of the island are occupied by extensive tidal marshes and other lowland vegetation.
Figure 3.2.1‐2 (following) shows the distribution of land cover throughout Galveston Island.
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Figure 3.2.1‐2
Land Cover in Galveston

Table 3.2.1‐1 (below) provides the percentage of land by purpose in Galveston.
Table 3.2.1‐1
Galveston Land Use by Percentage
Galveston Land Use
Land Use
Urban
Rangeland and Agriculture
Forest
Water
Wetland
Barren

Percentage
24.29%
27.30%
22.64%
9.05%
16.71%
0.02%

Though the above data was produced in 2004, there has been little shift in the distribution of land
use percentages in the City of Galveston since its production.
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3.2.2 Climate
Galveston's climate is classified as humid subtropical. Prevailing winds from the south and
southeast bring heat from the deserts of Mexico and moisture from the Gulf of Mexico. Summer
temperatures regularly exceed 90°F and the area's humidity drives the heat index even higher.
Winters in the area are temperate, with typical January highs above 60°F and lows near 50°F.
Snowfall is generally rare. Annual rainfall averages well over 40” a year with some areas typically
receiving over 50”.
Hurricanes are an ever‐present threat during the summer and fall season. Galveston Island and the
Bolivar Peninsula are generally at the greatest risk among the communities near the Galveston Bay.
However, though the island and peninsula provide some shielding, the bay shoreline still faces
significant danger from storm surge.

3.2.3 Population
Population estimates are generally based on Census data. The latest Census data available at the
time of Plan Update development is from 2010. The 2010 Census population was 47,743, which is a
drop of over 10,000 people since the last Census in 2000. This decrease in population is mostly due
to Hurricane Ike in 2008. No crucial change in the spatial distribution of the population was
discovered. As before Hurricane Ike, approximately 89% of the population resides in the urban core
of the East End, with the remaining 11% residing on the sparsely populated West End.
Figure 3.2.3‐1 (following) shows the population density using population figures from the 2010
Census.
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Figure 3.2.3‐1
Population Density in Galveston Based on 2010 Census

Figure 3.2.3‐2 (following) shows the population density for residents over 65 years of age, using
population figures from the 2010 Census.
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Figure 3.2.3‐2
Over 65 Population Density in Galveston Based on 2010 Census

A breakdown of the population of Galveston as collected by the 2010 Census is presented in Table
3.2.3‐1 (below and following).
Table 3.2.3‐1
US Census Population and Housing Characteristics for Galveston, TX, 2010
Population and Housing Characteristics
General Characteristics
Galveston
Texas
Total Population
47, 743
25,145,561
Male %
51.1
49.6
Female %
48.9
50.4
Median Age
35.5
32.3
Under 18 Years of Age %
19.3
27.3
18‐64 %
67.1
62.3
65 and Over %
13.6
10.4
Housing Characteristics
Galveston
Texas
Total Housing Units
32, 368
9,977436
Occupied Housing Units %
61.6
89.4
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Population and Housing Characteristics
Owner‐Occupied Units %
29.5
Renter‐Occupied Units %
32.1
Vacant Housing Units %
38.4

57.0
32.4
10.6

3.2.4 Economics
In the aftermath of Hurricane Ike, Galveston Island has continued the historic renaissance of a
vibrant, growing and diversified economic base. As described in the Galveston Economic
Development Partnership’s Construction Update, new investment is currently underway or planned
for Galveston Island. This growth includes a diversity of industries including health care, life
sciences/ biotechnology, tourism/ hospitality, offshore oil, maritime, services, retail, education, and
government.
The University of Texas Medical Branch at Galveston (UTMB) is in the process of investing over
$600 million in campus facilities. This investment includes the Galveston National Laboratory,
which was completed in 2008, and is one of two national biocontainment laboratories constructed
under grants from the National Institute of Allergy and Infectious Disease. With more than 8,000
employees, the university is the largest employer in both the City of Galveston and Galveston
County, and is among the largest employers in the Houston‐Galveston area.
The tourism industry is growing with the addition of new hotels and expansion/renovation of
existing ones; the large number of cruise ship passengers embarking/disembarking on Galveston
Island; and the famous Seawall from east to west and in the historic Strand area. Galveston’s
beaches draw millions of tourists during the summer months. The annual Mardi Gras activities
draw an estimated 250,000 each weekend of the celebration; the Lonestar Bike Rally draws an
estimated half million visitors over the four days of the event.
The Port of Galveston now ranks as the eleventh‐largest cruise port in the world, the number four
US cruise port in world rankings, and the number one cruise port in the Gulf of Mexico and Texas.
The Port continues its investment in cruise facilities. Currently, Carnival Cruise Lines and Royal
Caribbean International offer sailing from Galveston Island. Disney Cruise Lines also now sails from
the port to locations in the Bahamas and the Caribbean. The Port’s industrial growth continues at
facilities and terminals operated by ADM Grain, Agriliance LLC, Del Monte Fresh Produce, Galveston
Railroad L.P., Galveston Terminals, Gulf Copper Drydock and Rig Repair, Holcim Cement, “K” Line,
Malin International Ship Repair and Drydock, and Wallenius Wilhelmsen Logistics along the
Galveston Harbor.
Galveston’s educational and government institutions are all in the process of expanding and/or
renovating their facilities. Galveston College and Texas A&M University have both expanded their
campus facilities. Galveston County completed a $105 million Criminal Justice Center on North
Broadway that serves as a base for over 500 county employees. The City’s Scholes International
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Airport has completed a traffic control tower to accommodate the dramatic increase in air traffic
(from 60,000 to 104,000 operations in landing and takeoffs).

3.2.5 Community Assets
Law Enforcement
The Galveston Police Department is the oldest police department in the State of Texas. The department
has a number of specialized units, including vice, narcotics, family services, criminal investigations,
SWAT, marine, crisis negotiation, and special response.
Fire Department
Fire protection, emergency medical response, and hazardous material incident response and
identification in Galveston is provided by the City of Galveston through the Galveston Fire
Department (GFD).
Medical Services
Galveston is the home of several of the largest teaching hospitals in the state, located on the campus
of the University of Texas Medical Branch at Galveston. The city is also home to a 30‐bed acute
burns hospital for children, the Shriners Burns Hospital at Galveston. EMS services are co‐housed
with Galveston Fire, and are provided through Galveston County.
Schools
Colleges and Universities
Established in 1891 with one building and fewer than 50 students, today the University of Texas
Medical Branch at Galveston (UTMB) campus has grown to more than 70 buildings and an
enrollment of more than 2,500 students. The 84‐acre campus includes schools of medicine, nursing,
allied health professions, and a graduate school of biomedical sciences, as well as three institutes
for advanced studies & medical humanities, a major medical library, seven hospitals, a network of
clinics that provide a full range of primary and specialized medical care, numerous research
facilities, and the Galveston National Lab.
Galveston is home to two post‐secondary institutions offering traditional degrees in higher
education. Galveston College opened in 1967, and Texas A&M University at Galveston is an ocean‐
oriented branch campus of Texas A&M University.
Primary and secondary schools
The city of Galveston is served by Galveston Independent School District (GISD), which includes six
elementary schools, two middle schools and one high school, Ball High School. There is also one
magnet middle school, Austin Middle School, serving grades 5 through 8.
Galveston has several state‐funded charter schools not affiliated with local school districts,
including kindergarten through 5th grade Ambassadors Preparatory Academy and pre‐
kindergarten through 8th Grade Odyssey Academy.
July 27, 2017 ‐ Page 3‐11

City of Galveston, Texas
Section 3: Context

Several private schools exist in Galveston. The Roman Catholic Archdiocese of Galveston‐Houston
operates two Roman Catholic private schools, including Holy Family Catholic School (K through
8th) and O'Connell College Preparatory School (9‐12). Other private schools include Satori
Elementary School, Trinity Episcopal School, Seaside Christian Academy, and Heritage Christian
Academy.
Parks and Recreation
Galveston is home to several outdoor parks and recreation areas. Among them are Apffel Park,
Schreiber Park, Seawolf Park, Stewart Beach Park, Beach Pocket Park Number 1, Beach Pocket Park
Number 2, Sheppard Park, and San Jacinto Park. In addition, Galveston Island is home to the
Galveston Island State Park, which is a 1,900‐acre state park owned and operated by Texas Parks
and Wildlife Department.
Historic Buildings and Assets
The Galveston Historical Foundation (GHF) was founded in 1954 specifically to save a historic building,
the 1839 Samuel May Williams’ house, from demolition. Since then, GHF has been responsible for the
preservation of many individual places and structures that contribute to Galveston’s amazingly rich
architectural, cultural and maritime heritage. Through acquisition, through the Revolving Fund which
buys a structure, stabilizes it and sells it with protective covenants to competent new owners, and
through the variety of preservation assistance programs of the Preservation Resource Center and the
office of Preservation and Conservation Services, GHF has had a strong impact in heritage preservation
here for more than half a century. The following list denotes significant historical assets in the City:









1902 Galveston Seawall
1838 Michel B. Menard House: available for rentals.
1859 Ashton Villa: ballroom available for rentals.
1859 St. Joseph’s Church: open by appointment; available for rentals.
1940 Sears Building: GHF Headquarters; open during business hours.
1880 Garten Verein Pavilion in Kempner Park: available for rental.
1892 Bishop's Palace: open for tours seven days a week.
1839 Samuel May Williams House: private residence.

Figure 3.2.5‐1 (following) shows the locations of notable historic assets and neighborhoods in the City of
Galveston.

July 27, 2017 ‐ Page 3‐12

City of Galveston, Texas
Section 3: Context
Figure 3.2.5‐1
Historic Assets and Neighborhoods in the City of Galveston

Media
The Galveston County Daily News, founded in 1842, is the city's primary newspaper and the oldest
continuously printed newspaper in Texas. It currently serves as the newspaper of record for the city as
well as Galveston County. Radio station KGBC, on air since 1947, has also served as a local media outlet.

3.3 The State of Texas Hazard Mitigation Plan (2013)
The State of Texas Hazard Mitigation Plan is Annex P of the State Emergency Management Plan.
The current version was approved and implemented in 2013. The plan is available for download
from:

http://www.txdps.state.tx.us/dem/Mitigation/txHazMitPlan.pdf
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The state plan describes the concept of operations and state mitigation strategy and policies as
follows:








To formulate the state’s mitigation policies pursuant to the principles and protocols of the
National Incident Management System (NIMS), and to ensure capability for integration with
the National Response Framework; to these ends, the state views mitigation in terms of pre‐
event and post‐event mitigation;
Pre‐event mitigation involves proactive measures to identify risks and vulnerabilities that
threaten citizens, property, economies and resources; post‐event measures are reactive,
and take advantage of funding available after a disaster, to allow communities to recover
and rebuild in such a way as to prevent future loss of life and property damage;
Hazardous conditions exist within the state, and disaster costs continue to escalate;
effective mitigation can reduce these costs;
State support and assistance will be provided as required and identified in the State Hazard
Mitigation Plan; and
The State Hazard Mitigation Officer (SHMO) is responsible for administering mitigation
programs and projects, and is the team leader for the State Hazard Mitigation Team (SHMT).

“The mission of the State Hazard Mitigation Team (SHMT) is to:
1. Bring together staff personnel from state agencies to identify areas of vulnerability and
problems intrinsic to different types of hazards.
2. Develop strategies to prevent or reduce loss of life, damage to property, and degradation of
natural resources from those hazards for the state.
3. Review and recommend funding for specific mitigation projects.
4. Make specific recommendations to the Chief‐GDEM for changes to state regulations, plans, or
laws, which can reduce the risk of loss to the citizens of Texas.”
The SHMT is led by the Texas Division of Emergency Management (TDEM), and is comprised of
representatives from a variety of state agencies.
Wherever possible, the Plan has incorporated information and recommendations consistent with
the State of Texas Hazard Mitigation Plan.

3.4 Federal Planning Requirements
According to the federal rules describing the Disaster Mitigation Act of 2000 (FR 8848, Feb. 26,
2002, as amended at 67 FR 61515, Oct. 1, 2002), “The local mitigation plan is the representation of
the jurisdiction’s commitment to reduce risks from natural hazards.” Local plans serve “as a guide
for decision makers as they commit resources to reducing the effects of natural hazards. Local plans
will also serve as the basis for the state to provide technical assistance and to prioritize project
funding.”
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Relevant federal planning requirements include establishing minimum standards for grant program
eligibility and outlining a planning process.

3.4.1 Grant Program Eligibility
The various federal mitigation grant programs and their planning requirements are listed below:
Hazard Mitigation Grant Program (HMGP)
According to 44 CFR §201.3, “ For disasters declared after November 1, 2004, a local government
must have a mitigation plan approved pursuant to this section in order to receive HMGP project
grants.”
Pre‐Disaster Mitigation (PDM)
According to 44 CFR §203, “ By November 1, 2003, local governments must have a mitigation plan
approved pursuant to this section in order to receive a project grant through the PDM program,
authorized under Section 203 of the Robert T. Stafford Disaster Relief and Emergency Assistance
Act, 42 U.S.C. 5133. PDM planning grants will continue to be made available to all local governments
after this time to enable them to meet the requirements of this section.”
Flood Mitigation Assistance (FMA)
According to 44 CFR §78.4, “ To be eligible for Project Grants, an eligible applicant will develop, and
have approved by the FEMA Regional Director, a Flood Mitigation Plan in accordance with §78.5.”
Public Assistance (PA)
State and local governments are eligible to receive assistance in the emergency categories of the PA
program (Categories A and B). However, an approved state hazard mitigation plan is required for
any applicant, state or local, to be eligible to obtain funding assistance for any categories of
“permanent work” under the FEMA Public Assistance Program [Categories C through G].
According to 44 CFR §206.226, “ In order to receive assistance under this section, as of November 1,
2004 (subject to 44 CFR 201.4(a)(2)), the state must have in place a FEMA approved State Hazard
Mitigation Plan Update in accordance with 44 CFR part 201.”

3.4.2 Planning Process Requirements
The following excerpts from 44 CFR, §201.6 outline the required planning process. The process
used to develop this Plan for the City of Galveston is consistent with these requirements.
“In order to develop a more comprehensive approach to reducing the effects of natural disasters,
the planning process shall include:
(1) An opportunity for the public to comment on the plan during the drafting stage and
prior to plan approval;
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(2) An opportunity for neighboring communities, local, and regional agencies … businesses,
academia, and other private and non‐profit interests to be involved in the planning
process; and
(3) Review and incorporation, if appropriate, of existing plans, studies, reports, and
technical information.”
“The plan shall include the following:
(1) Documentation of the planning process [see Section 5 of this Plan, plus appendices] used
to develop the plan …
(2) A risk assessment [see Sections 6 and 7 of this Plan, plus appendices] that provides the
factual basis for activities proposed in the strategy to reduce losses from identified
hazards. … The risk assessment shall include:
(i) A description of the type, location, and extent of all natural hazards that can affect the
jurisdiction. …
(ii) A description of the jurisdiction’s vulnerability to the hazards described. …
(iii) For multi‐jurisdictional plans, the risk assessment section must assess each
jurisdiction’s risks where they vary from the risks facing the entire planning area.
(3) A mitigation strategy [see Section 9 of this Plan, plus appendices] that provides the
jurisdiction’s blueprint for reducing the potential losses identified in the risk
assessment. … This section shall include:
(i) A description of mitigation goals …
(ii) A section that identifies and analyzes a comprehensive range of specific mitigation
actions and projects, …
(iii) An action plan describing how the actions … will be prioritized, implemented, and
administered by the local jurisdiction. …
(iv) For multi‐jurisdictional plans, there must be identifiable action items specific to the
jurisdiction requesting FEMA approval or credit of the plan.
(4) A plan maintenance process [see Section 10 of this Plan, plus appendices] that includes:
(i) A section describing the method and schedule of monitoring, evaluating, and updating
the mitigation plan within a five‐year cycle.
(ii) A process by which local governments incorporate the requirements of the mitigation
plan into other planning mechanisms …
(iii) Discussion on how the community will continue public participation in the plan
maintenance process.
(5) Documentation [see Section 4 of this Plan, plus appendices] that the plan has been
formally adopted by the governing body of the jurisdiction requesting approval of the
plan … For multi‐jurisdictional plans, each jurisdiction requesting approval of the plan
must document that it has been formally adopted.”
This Plan further details and explains federal requirements for each section or element of the Plan
by quoting the requirements in their entirety at the start of each relevant section.
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The federal requirements continue, “Plans must be submitted to the State Hazard Mitigation Officer
for initial review and coordination. The state will then send the plan to [the FEMA Region VI office]
for formal review and approval. The regional review will be completed within 45 days after receipt
from the state, whenever possible.
“Plans must be reviewed, revised if appropriate, and resubmitted for approval within five years in
order to continue to be eligible for HMGP funding.”
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Section 04
Adoption and Approval
Contents of this Section
4.1
4.2
4.3
4.4
4.5

Requirement for Adoption and Approval
Authority
Adoption and Approval Procedure
Adoption Resolutions
Approval Letters

4.1 Requirement for Adoption and Approval
Requirement: §201.6(c)(5): [The local hazard mitigation plan shall include] documentation that the
plan has been formally adopted by the governing body of the jurisdiction requesting approval of the
plan (e.g., City Council, Parish Commissioner, Tribal Council).
The Disaster Mitigation Act of 2000 (DMA 2000), approved by Congress and signed into law (Public
Law 106‐390) in October 2000, is a key component of the Federal government’s attempt to reduce
the rising cost of disasters. DMA 2000 provides an opportunity for local governments to take a new
and revitalized approach to mitigation planning. DMA 2000 specifically requires mitigation
planning for natural disasters, but not for manmade hazards. However, FEMA supports those
jurisdictions that choose to consider technological and man‐made hazards in their respective
mitigation plans.
The City of Galveston Multi‐Hazard Mitigation Plan is a single jurisdiction plan that identifies goals,
information, and pro‐active measures to enhance the City’s long‐term sustainability. Both natural
and technological hazards are addressed in the Plan.
The Plan follows the DMA 2000 planning requirements and associated guidance for developing
Local Hazard Mitigation Plans. This guidance sets forth a four‐task mitigation planning process: 1)
organize resources, 2) assess hazards and risks, 3) develop a mitigation plan, and 4) evaluate your
work. The Plan also utilizes the process set forth in FEMA’s Plan Review Tool for Review and
Submission of Local Mitigation Plans.
The overall purpose of DMA 2000 was to establish a national program for pre‐disaster mitigation,
streamline administration of disaster relief at both the federal and state levels, and control federal
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costs of disaster assistance. Congress envisioned that implementation of these new requirements
would result in the following key benefits:
 Reduction of loss of life and property, human suffering and economic disruption;
 Prioritization of hazard mitigation planning at the local level, with an increased emphasis
placed on planning and public involvement, assessing risks, implementing loss reduction
measures, and ensuring critical services/facilities survive a disaster; and
 Establishment of economic incentives, awareness and education via federal support to state,
tribal and local governments that will result in forming community‐based partnerships,
implementation of effective hazard mitigation measures, leveraging of additional non‐federal
resources, and establishment of commitments to long‐term hazard mitigation efforts.

4.2 Authority
Section 322 of the Robert T. Stafford Disaster Relief and Emergency Assistance Act (Public Law 93‐
288, as amended), Title 44 CFR, as amended Section 102 of the Disaster Mitigation Act of 2000,
provides the framework for state and local governments to evaluate and mitigate all hazards as a
condition of receiving Federal disaster assistance.
A major requirement of the law is the development of the local hazard mitigation plan. The City of
Galveston, as a home rule municipality, has the authority to develop, adopt and enact this Local
Hazard Mitigation Plan.

Scope
In years past, the City of Galveston has participated in multi‐jurisdictional mitigation planning
efforts. Initially, the City was a part of the Houston‐Galveston Area Council’s mitigation plan, and
later participated in the update process for Galveston County. After Hurricane Ike, however, it
became obvious that the City’s hazards, risks and vulnerabilities were unique, and were not shared
by either the county or other municipalities within the county. Because of this recognition, the City
applied for HMGP funding to develop a single‐jurisdiction mitigation plan. While the review and
approval of this grant application was pending, to ensure the City remained continuously covered
by a mitigation plan, the City continued to participate in the 2010 update process for the Galveston
County Plan.
The grant was awarded to the City in January 2010. The City’s approved scope of work specifically
addressed the inclusion of City‐identified critical facilities, historic assets, and beach/shoreline
concerns. To ensure that no duplication of benefits occurred, the City agreed to use all relevant and
applicable data from the earlier plans. The City of Galveston Hazard Mitigation Plan was approved
in 2011.
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In 2017, the City of Galveston Hazard Mitigation Plan was updated in accordance with mitigation
planning requirements.

4.3 Adoption and Approval Procedure
On May 09, 2017, the Federal Emergency Management Agency (FEMA) Region VI determined that
the Plan was “approvable pending adoption.” The Plan was submitted to the Galveston City Council
for review and adoption. The resulting Adoption Resolution was then submitted to TDEM and
FEMA Region VI for approval. FEMA subsequently issued the formal approval letter to the City of
Galveston.

4.4 Adoption Resolution
Appendix B contains the signed Adoption Resolution for the City of Galveston.

4.5 Approval Letters
Appendix B contains the formal Approval Letter from FEMA Region VI for the City of Galveston’s
Hazard Mitigation Plan (2017 Update).
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Section 05
Planning Process
Contents of this Section
5.1
5.2
5.3
5.4

Requirement for the Planning Process
Description of the Planning Process (Updated)
Involvement by the Public and Other Interested Parties (Updated)
Review and Incorporation of Plans, Studies, Reports, and Other Information
(Updated)

5.1 Requirements for the Planning Process
Requirement §201.6(c)(1): [The plan shall document] the planning process used to develop the plan,
including how it was prepared, who was involved in the process, and how the public was involved.
Requirement §201.6(b): An open public involvement process is essential to the development of an
effective plan. In order to develop a more comprehensive approach to reducing the effects of natural
disasters, the planning process shall include:
(1) An opportunity for the public to comment on the plan during the drafting stage and prior to plan
approval;
(2) An opportunity for neighboring communities, local and regional agencies involved in hazard
mitigation activities, and agencies that have the authority to regulate development, as well as
businesses, academia, and other private, and non‐profit interests to be involved in the planning
process; and
(3) Review and incorporation, if appropriate, of existing plans, studies, reports, and technical
information.

5.2 Description of the Planning Process (Updated)
5.2.1 Data Sources for Plan Preparation
The City of Galveston used existing data sources wherever applicable and possible. Specifically, the
City used data developed in the Galveston County Plan Update and the University of Texas Medical
Branch (UTMB) Plan Update (draft), wherever such data was applicable to a single‐jurisdictional
plan. In addition, external data sources were also used for this plan, including data developed and
provided by:
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The Texas General Land Office
The Bureau of Economic Geology
Houston‐Galveston Area Council
National Climatic Data Center

5.2.2 How the Plan Update was Prepared (Overview)
The City of Galveston Hazard Mitigation Plan was prepared in accordance with the process
established in the State and Local Mitigation Planning How‐to Guides (FEMA Publication Series 386)
produced by the Federal Emergency Management Agency (FEMA), and the requirements of 44 CFR,
§201.6. The process established in the FEMA 386 guides includes four basic steps.





Step 1: Organize resources
Step 2: Assess risks
Step 3: Develop a mitigation plan
Step 4: Implement the plan and monitor progress

5.2.2.1 Step 1: Organize Resources
The development of this Plan update was overseen by the City’s Office of Emergency Management.
At the beginning of the process, a consultant firm, Witt O’Brien’s, was hired to provide technical
support to the City, to facilitate development of the planning process and to produce the updated
plan document. In addition, several individuals and organizations worked together to update the
Plan. These participants were organized into the City of Galveston Hazard Mitigation Plan
Stakeholder Committee (HMPSC).
The HMPSC was based on the lists of participants from the previous City planning efforts and those
who would have an interest in or information regarding hazard mitigation in the City. The HMPSC
was comprised of representatives from agencies and public entities that wished to participate in
the planning effort, as well as City Staff with knowledge of the City’s risks and vulnerabilities. The
duties and responsibilities of the HMPSC consisted of: representing their agency/department’s
interests, serving as the point of contact for their agency/department, and completing necessary
planning tasks, including data collection, identification of local mitigation actions, and reviewing the
Plan products. The HMPSC identified the most significant City‐wide hazards for a risk assessment to
be completed.
Committee members were invited to participate in the planning process via phone and email
correspondence, including meeting invitations distributed through email client applications. Copies
of this correspondence may be found in Appendix C. Table 5.2.2.1‐1 (following) lists the invited
membership of the City of Galveston HMPSC.
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Table 5.2.2.1‐1
City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) Members
City of Galveston Hazard Mitigation Plan Stakeholder Committee Members
Name

Title

Brett Milutin
Mike Wisko
Robert Simmons
David Ewald
LeeRoy Amador
Catherine Gorman
John Simsen

Emergency Management
Coordinator
Deputy Emergency
Management Coordinator
FSO/ Asst. Harbormaster
Fire Chief
Risk Manager
Building Official
Chief of Police
Assistant Director / HPO
Disaster Program Director

Jeff Sjostrom

President

Elizabeth Farnham
Allan Post
David Smith

Intern
Emergency Manager
Interim Chief
Director of HR and Risk
Management
Director
Assistant Park Manager
Director of Public
Infrastructure
Deputy Emergency
Management Coordinator
Building Inspector
Director of Public Utilities
Engineer

Charlie Kelly
Rosana Pratt

Mary Jane Lantz
Keith Gray
Hans Haglund
Ross Blackketter
Meaghan Kenney
Bill Plummer
Angelo Grasso
Jamal Elzhi

Organization
City of Galveston
City of Galveston
Port of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
City of Galveston
Galveston Economic Development
Partnership
City of Galveston
Texas A&M University at Galveston
Galveston Police Department
Galveston College
CenterPoint Energy
Galveston Island State Park
City of Galveston
Galveston County Office of
Emergency Management
City of Galveston
City of Galveston
Texas Department of Transportation

Meeting Schedule
There were several meetings conducted during the development of the Plan. These meetings are
described in Table 5.2.2.1‐2 (following). The meetings focused primarily on the review of work‐in‐
progress for the development of the Plan. However, in some cases, the meetings were essentially
working sessions for identification of potential mitigation projects.
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Table 5.2.2.1‐2
City of Galveston HMPSC Meeting Schedule and Summary
City of Galveston Mitigation Plan Project Meeting Schedule and Summary
Date

Meeting Name

October 15, 2015

Kickoff Meeting

November 12, 2015

Meeting #2

December 10, 2015

Meeting #3

Meeting Summary
Discussion on the purpose of the Plan Update,
planning requirements, and hazards to be
included for each campus (finalization);
qualitative and quantitative risk assessment
determination; identification of plan goals; and
preliminary review of several maps.
HMPSC made qualitative and quantitative
assessment decisions for each hazard included
in the Plan Update. The HMPSC also discussed
plan goals and decided to keep the goals from
the last version of the plan.
Discussion consisted of a thorough review of
the actions to be included in the plan update as
well as a schedule for draft completion and
review timeframes.

Appendix D contains documentation for these meetings including agendas, sign‐up sheets,
presentation materials, and meeting notes as appropriate.

5.2.2.2 Step 2: Assess Risks
In accordance with general mitigation planning practice, as well as the process FEMA established in
its How‐to Guides, the risk assessment forms the basis for this Plan by quantifying and rationalizing
information about how natural and manmade hazards affect the City of Galveston.
The processes used to complete the hazard identification and risk assessments, and the results of
these activities, are described in Sections 06 and 07 of this Plan. The assessment determined
several aspects of the risks of hazards faced by the City:








The hazards that are most likely to affect the City
How often hazards are expected to impact the City
The expected severity of the hazards
What areas of the City are likely to be affected by hazards
How the City’s assets, operations, people, and infrastructure may be impacted by hazards
How private and commercial assets, operations, infrastructure may be impacted by hazards
The expected future losses if the risk is not mitigated

The HMPSC first considered all hazards with the potential to impact the City. An exercise was held
at the Kickoff Meeting detailing the hazards considered in other planning efforts, and a listing of
additional hazards that could be considered for inclusion in the Plan. Members were asked to
consider the hazard history, to consider any other hazards that were not included in the initial
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listing, and to provide their thoughts on which hazards should be included in the Plan. Next,
through examination by and discussion among the members, the HMPSC reduced the initial list of
hazards to the 17 hazards that were considered the most relevant for this type of planning process
at the City‐wide scale. These hazards are described in the Hazard Identification, Profiling, and
Ranking portion of the Plan (Section 06), and are as follows:


















Biological Event
Coastal Hazards
Drought
Environmental Disaster
Extreme Heat
Extreme Wind
Expansive Soils
Flooding
Hail
Hazardous Materials Incident
Lightning
Sea Level Change
Severe Winter Storm
Tsunami
Wildfire/Urban Fire
Extreme Wind ‐ Tropical Systems and Hurricanes
Extreme Wind ‐ Tornadoes

These are considered by the HMPSC to represent the predominant risks to the area.
These profiled hazards were further analyzed, to determine the actual risk to the City, citizens and
City assets from these hazards. The list was further refined, to analyze those hazards, which were
determined to pose the most significant risks to the City and its assets. All profiled hazards received
a qualitative risk assessment. The hazards selected to receive a quantitative risk assessment were:








Coastal Hazards
Environmental Disaster
Extreme Wind
Flood
Wildfire/Urban Fire
Tropical Systems and Hurricanes
Tornadoes

For each of these hazards the consultants performed detailed risk assessments, i.e. calculations of
future expected damages, expressed in dollars where appropriate. These results were discussed in
detail with the HMPSC at a meeting, and determinations were made as to each hazard’s risk to
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People Life Safety, Buildings and Critical Facilities, and Infrastructure. The results of the risk
assessment were also made available to the public during the public review and comment periods
(see Section 5.3). The full process and results of this work is presented in the Risk Assessment
portion of this Plan (Section 7).

5.2.2.3 Step 3: Develop the Mitigation Plan
The HMPSC developed a series of goals and objectives in response to the results of the risk
assessment. A capability assessment was also conducted to help determine the capacity of the City
to implement hazard mitigation projects. The Mitigation Action Plan was discussed and validated
by the HMPSC. The results of these efforts are detailed in Sections 08 and 09.

5.2.2.4 Step 4: Implement the Plan and Monitor Progress
Finally, the HMPSC identified a process for on‐going monitoring and revisions to the Plan over the
next five years. Section 10 details the resulting monitoring, evaluation, and plan update procedures.

5.3 Involvement by the Public and Other Interested Parties
5.3.1 Public Involvement in the Plan
The Stakeholder Committee provided opportunities for public comment during the planning
process.
During the process, the HMPSC held meetings to determine how other agencies could become
involved. The Committee was comprised of many different types of agencies in the City including
but not limited to: City departments, non‐profits, state agencies, educational systems, and
authorities. This City‐wide group met several times during the process discussing, among other
things, the planning requirements, incorporation of data, and data analysis. Comments received
during these meetings were used in the formulation of the Hazard Mitigation Plan Update.
For the first public comment period, no formal meeting was held. Rather, the draft plan and a
comment form were posted to the City’s website, the City’s primary means of communicating with
residents and stakeholders. A press release was issued on the date the plan was posted. This
comment period began prior to the Plan’s submission to TDEM for review, and continued for 30
days. The planning committee also posted weekly Facebook and Twitter notifications to remind the
public that the plan was open for public comment. No comments were received during the public
comment period.
After receipt of APA status, and prior to adoption by the City Council, the City made the final plan
available via the City’s website to provide further opportunity for residents, local businesses,
neighboring jurisdictions, and all other interested parties to comment. This is in keeping with the
City’s usual practice regarding draft plans and public comment periods.
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5.3.2 Other Interested Party Involvement in the Plan
While a portion of the Stakeholder Committee was comprised of City staff and leaders, outside
partners and agencies were invited and encouraged to participate in the plan development process
and were offered the opportunity for membership on the Stakeholder Committee. The City
recognizes that they rely on outside agencies and organizations, and that these organizations bring
valuable information to the mitigation planning process. Invitees to the planning process included
neighboring communities, outside agencies, businesses, academia, private non‐profits and other
interested parties. The following parties were asked to participate in the Plan’s Stakeholder
Committee:










CenterPoint Energy
Galveston College
Texas A&M University Galveston
The University of Texas Medical Branch at Galveston
Texas Parks and Wildlife
Galveston Economic Development Partnership
Port of Galveston
Texas Department of Transportation
Galveston County

Specifically, the neighboring communities of Galveston County (via the County Office of Emergency
Management), Galveston College, the University of Texas Medical Branch, and Texas A&M
University‐Galveston were invited to participate in the Stakeholder Committee. Representatives
from each of these communities were contacted via email, just as other Stakeholder Committee
members were contacted, and were offered the opportunity to provide input and suggestions to the
Plan update. Table 5.2.2.1‐1 (previous) provides details of the specific representatives from each
neighboring community that attended and participated in the planning process; Appendix C
contains specific details as to who from each neighboring community was initially invited to
participate in the planning process. All invitees were contacted via email at the address listed in
Appendix C.

5.4 Review and Incorporation of Plans, Studies, Reports, and
Other Information (Updated)
5.4.1 Federal Government
Selected key federal sources of information and pre‐existing planning work are presented in Table
5.4.1‐1 (following).
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Table 5.4.1‐1
Federal Documents and Data Utilized
Federal Documents and Data Utilized
Existing Program/Policy/Technical Documents
FEMA Disaster Declarations database and other
general hazard data
FEMA/National Flood Insurance Program Flood
Maps (Flood Insurance Rate Maps, Digital Flood
Insurance Rate Maps (DFIRM))
FEMA Hazards US (HAZUS) v.3
FEMA Benefit Cost Analysis methodology
FEMA Community Status Book, Community Rating
System Eligible Communities
FEMA Tornado Activity in the United States
National Oceanic and Atmospheric Administration
(NOAA)/National Climatic Data Center (NCDC)
database
NOAA Coastal Service Center‐Historic Hurricane
Tracks Database
NOAA National Hurricane Center‐Hurricane
Preparedness, Storm Surge
NOAA Storm Prediction Center
United States Army Corp of Engineers (storm surge
mapping)
United States Census Bureau data
United States Geological Survey (USGS) National
Wetlands Research Center
United States Environmental Protection Agency
Toxic Release Inventory
United States Department of Transportation
Hazardous Materials Incident Data
US Department of Interior (DOI) Bureau of Ocean
Energy Management, Regulation, and Enforcement
US Department of Agriculture (USDA) National Fire
Plan
National Aeronautics and Space Agency

Method of Incorporation into the Plan
Used in hazard identification and risk assessment
(HIRA) development and history of loss data for
multiple hazards
Used in developing HIRA, strategies, and mitigation
actions
Used in developing various risk assessments
Used in developing various risk assessments
Used in developing capability assessments and
mitigation actions
Used in developing HIRA and history of loss data
Used in developing history and description of major
hazard events for multiple hazards
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing various risk assessments and
establishing planning context
Used in developing HIRA and loss data
Used in developing hazard identification, strategies,
and mitigation actions
Used in developing hazard identification, strategies,
and mitigation actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing HIRA, strategies and mitigation
actions
Used in developing hazard profiles

5.4.2 State of Texas
Selected state sources of information and pre‐existing planning work are presented in this section.

2013 State of Texas Hazard Mitigation Plan
The State Texas completed the current 2013 State Hazard Mitigation Plan (SHMP) to meet the
requirements of IFR Section 201.4(d), which mandates that states update their mitigation plans
every three years, “to reflect changes in development, progress in state wide mitigation efforts, and
changes in priorities.”
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The SHMP is the demonstration of the State of Texas’s commitment to reduce risks from natural
hazards and serves as a guide for both state and local decision makers as they commit resources to
reducing the effects of natural hazards on lives and property. It is designed to outline a strategy to
reduce risks from natural hazards in Texas, and to aid state and local emergency management
officials in developing hazard reduction programs.
The statewide mitigation strategies, goals, and objectives, methods of incorporating a varied cross
section of relevant disciplines, hazard specific information, and specific data sources are present
within the SHMP and were utilized in the development of the City of Galveston Hazard Mitigation
Plan.

Other State of Texas Information
In addition to the SHMP, selected state sources of information and pre‐existing planning work are
presented in Table 5.4.2‐1 (below).
Table 5.4.2‐1
Other State Documents and Data Utilized
State Documents and Data Utilized
Existing Program/Policy/Technical Documents
State of Texas Hazard Mitigation Plan (2013)
Data from the Bureau of Economic Geology (University of Texas)
Data from the Texas General Land Office
Data from the Houston‐Galveston Area Council
Data from Texas A&M University ‐ Galveston
Data from The University of Texas Medical Branch at Galveston
Data from Texas Commission on Environmental Quality
Data from the Texas Railroad Commission
Harris Galveston Subsidence District

Method of Incorporation
Used in development of HIRA.
Used in hazard profiling and
loss estimation
Used in development of HIRA,
strategies and mitigation
actions
Used in future development
analysis, development of HIRA
and strategies
Used in development of HIRA
and community profile
Used in development of HIRA
and community profile
Used in development of HIRA
and community profile
Used in development of HIRA
Used in development of HIRA

5.4.3 City of Galveston
As a municipal government, the City of Galveston has the authority to create ordinances and to
control land use. From the City of Galveston’s Charter:
City is and shall continue to be a Home Rule City, with full power of local self‐government, including
the right to amend this Charter, as provided by the Constitution and laws of this State. It shall have all
the powers granted to cities by the Constitution and laws of the State of Texas, together with all the
implied powers necessary to carry into execution such granted powers. It may use a corporate seal;
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may sue and be sued; may contract and be contracted with; may cooperate with the government of
the State of Texas or any agency or political subdivision thereof, or with the Federal government or
any agency thereof, to accomplish any lawful purpose for the advancement of the interest, welfare,
health, morals, comfort, safety, and convenience of the City and its inhabitants; may acquire property
within or without it corporate limits for any municipal purposes in fee simple, or in any lesser
interest or estate, by purchase, gift, devise, lease or condemnation, and subject to the provisions of
this Charter, may sell, lease, mortgage, hold, manage, and control such property as may now or
hereafter be owned by it; may pass ordinances and enact such regulations as may be expedient for
the maintenance of the good government, order, and peace of the City, and the welfare, health,
morals, comfort, safety and convenience of its inhabitants; and shall have and may exercise all
municipal powers, functions, rights, privileges and immunities of every kind and nature whatsoever,
subject only to the limitations imposed by the State Constitution, the State Laws, and this Charter.

Selected key City sources of information and pre‐existing planning work are presented in Table
5.4.3‐1 (below).
Table 5.4.3‐1
City Documents and Data Utilized
City Documents and Data Utilized
Existing Program/Policy/Technical Documents

Method of incorporation into the Plan

City GIS database map, infrastructure, parcels, land
use
Historic Assets Inventory and Data

Used in establishing planning context, development
of mitigation actions
Used to validate data used in risk assessment, future
development analysis
Used in development of HIRA and mitigation actions

Historic Assets Disaster Recovery plan

Used in development of HIRA and mitigation actions

Comprehensive Plan

Used in establishing planning context

Emergency Operations Plan

Used in hazard identification

Construction and Building Permits Data

Photographs and plans related to critical facilities
Repetitive Loss /Severe Repetitive Loss (RL/SRL)
inventory and data
Website materials (various)
Capital Improvement Plan

Used in development of risk assessments and
mitigation actions
Used in development of risk assessments and
mitigation actions
Used in establishing planning context
Used in development of risk assessments and
mitigation actions

5.4.4 Other Resources
Selected other key sources of information and pre‐existing planning work, including regional and
academic resources, are presented in Table 5.4.4‐1 (below).
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Table 5.4.4‐1
Other Documents and Data Utilized

Other Documents and Data Utilized
Existing Program/Policy/Technical Documents

Method of incorporation into the Plan
Used in development of community and hazard
profiles

Galveston Chamber of Commerce data
Right‐to‐Know Network‐biennial reporting,
emergency response notification database
Galveston Independent School District data
Galveston Historic Foundation data
Website materials (various)
Galveston County Health Department
Galveston: A History, by David McComb (1986)

Used in developing hazard profiling
Used in development of community profile
Used in development of community and hazard
profiles
Used in establishing planning context and in
development of HIRA
Used in development of HIRA
Used in establishing planning context and in
development of HIRA
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Section 06
Hazard Identification, Profiling, and Ranking
Contents of this Section
6.1
6.2
6.3
6.4

Requirement for Hazard Identification and Profiling
Hazard Identification (Updated)
Overview of the Type of Hazards That Can Affect the City of Galveston (Updated)
Methodology for Identifying Hazards of Concern (Updated)

6.1 Requirement for Hazard Identification and Profiling
Requirement §201.6(c)(2)(i): [The risk assessment shall include a] description of the type…location
and extent of all natural hazards that can affect the jurisdiction. The plan shall include information on
previous occurrences of hazard events and on the probability of future hazard events.
This section addresses the specific requirements regarding hazards in the planning area.

6.2 Hazard Identification
In accordance with IFR requirements, and as part of its efforts to support and encourage hazard
mitigation initiatives, the City of Galveston’s Hazard Mitigation Plan Stakeholder Committee
(HMPSC) prepared this general assessment of the hazards that have potential to impact the City.
The following subsections provide an overview of past hazard events in the county and brief
descriptions of the potential for future losses. Section 07 (Risk Assessment) includes more detailed
information about past and potential losses (risk) from a subset of the most significant hazards in
the City.
The term planning area is used frequently in this section. This term refers to the geographic limits
of the City of Galveston. The Risk Assessment section addresses the effects of hazards on the City of
Galveston, its assets, and residents.

6.2.1 Overview of the City of Galveston’s History of Hazards (updated)
Numerous federal agencies maintain a variety of records regarding losses associated with natural
hazards. Unfortunately, no single source is considered to offer a definitive accounting of all losses.
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The Federal Emergency Management Agency (FEMA) maintains records on federal expenditures
associated with declared major disasters. The United States Army Corps of Engineers (USACE) and
the Natural Resources Conservation Service (NRCS) collect data on losses during some of their
ongoing projects and studies. Additionally, the National Oceanic and Atmospheric Administration’s
(NOAA) National Climatic Data Center (NCDC) database collects and maintains data about natural
hazards in summary format. The data includes occurrences, dates, injuries, deaths, and costs. It
should be noted that many of these databases and other data collection services, including the
NCDC, have inherent data limitations when searching for information at a scale as small as a single
municipality. The best available data and records were used throughout this section.
Per the NCDC database, at least 101 weather‐related hazard events have occurred in the City of
Galveston between 1950 and 2015, including the following types of hazard events:








High Winds
Hail
Flooding
Tropical Systems
Waterspouts / Funnel Clouds / Tornadoes
Coastal Erosion
Lightning1

In addition to the hazard events captured by the NCDC, the City has experienced several other
hazard events. For example, at the height of Hurricane Rita, several fires broke out in Galveston.
Due to the extreme winds buffering the island as Rita passed by, the City’s Fire Department was
unable to respond to protect the at‐risk properties, leaving the fires to burn uncontrolled.
In the absence of definitive data on some of the hazards that may occur in the City of Galveston,
illustrative examples are useful. Table 6.2.1‐1 (following) provides information on the Presidential
Disaster Declarations that the City has received in the previous decade.
The City of Galveston has been included in 7 Presidential Disaster Declarations since 2001. Five
declarations were related to tropical systems; one was related to extreme wildfire conditions; the
final was the result of severe storms and flooding.2
Table 6.2.1‐1
Recent Major Disasters in Galveston, TX
Recent Major Disaster Declarations, 2001‐2015
Date and Disaster (DR, if
applicable)
November 2015
DR‐4245‐TX
September 2008
DR‐1791‐TX

Nature of Event
Severe Storms, Tornadoes, Straight‐line Winds, and Flooding
Hurricane Ike
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Recent Major Disaster Declarations, 2001‐2015
Date and Disaster (DR, if
applicable)
January 2006
DR‐1624‐TX
September 2006
DR‐1606‐TX
July 2003
DR‐1479‐TX
September 2002
DR‐1434‐TX
June and July 2001
DR‐1379‐TX

Nature of Event
Extreme Wildfire Threat
Hurricane Rita
Hurricane Claudette
Tropical Storm Fay
Severe Storms and Flooding
(Tropical Storm Allison)

6.3 Overview of the Type of Hazards That Can Affect the City of
Galveston (updated)
During the planning process, the City of Galveston’s Hazard Mitigation Plan Stakeholder Committee
(HMPSC) considered 19 natural and technological hazards and the risks they create for the City and
its material assets, operations, residents, and staff. The hazards were reconsidered for this Plan
update. The hazards and their disposition are shown in Table 6.3‐1 (following).
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Table 6.3‐1
Hazard List – City of Galveston

Biological Event
T/N
Coastal Erosion²
N

Coastal Retreat²
N
Coastal Subsidence²
N

Drought
N

Earthquake
N

Environmental Disaster
T
Expansive Soils
N


Extreme Heat
N

Extreme Wind
N



Flood
N


Hailstorm
N

Hazardous Material Incident (Fixed Site and

T
Transport)
Lightning
N

Sea Level Change
N

Severe Winter Storm
N

Terrorism
I

Tsunami
N


Wildfire/Urban Fire
N
Tropical Systems and Hurricanes
N


Tornadoes
N


Notes:
1. Type Legend: I = Intentional Acts; N = Natural; T = Technological / Manmade
2. Included, but combined with another hazard.











2016 Galveston
HMP Update

2011 Galveston
HMP

2016 UTMB HMP
Update

2016 Galveston
County Plan Update

2013 State of Texas
Mitigation Plan

Hazard

Hazard Type¹

City of Galveston Hazard List
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In the initial identification process, the City of Galveston HMPSC considered potential hazards to
identify those with the most chance to significantly affect the City. The hazards include those that
have occurred in the past and may occur in the future. A variety of sources were used to develop the
list of hazards considered by the HMPSC. These included national, regional, and local sources such as
the emergency operations plan, the State of Texas Hazard Mitigation Plan (SHMP), the Galveston
County Hazard Mitigation Plan, FEMA’s How‐To Series, websites, published documents, databases,
and maps, as well as discussion among the HMPSC members.
The HMPSC participated in an exercise regarding the types of hazards that have the potential to
threaten the City. To kickoff this initial exercise, the HMSC reviewed the hazards identified in the
County’s Plan Update and the SHMP, and additional hazards they could consider for inclusion in this
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Plan, including those discussed in FEMA 386 and the City’s Emergency Operations Plan. They were
asked to review the hazards and to provide comments on the hazards they believed should be
included in this Plan update. The HMPSC reviewed the hazards and determined that 15 posed the
greatest threat to the City of Galveston. The HMPSC held discussions on each of the hazards, and was
able to come to consensus on the disposition of each hazard. After these discussions and reviews, the
following hazards were selected by the HMPSC for inclusion in the Plan update:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Biologic Event (carryover from 2011 plan)
Coastal Hazards (carryover from 2011 plan)
Drought (carryover from 2011 plan)
Environmental Disaster (carryover from 2011 plan)
Extreme Heat (new)_
Extreme Wind Event (carryover from 2011 plan and separated)
Expansive Soils (new)
Flooding (carryover from 2011 plan)
Hail (new)
Hazardous Materials Incident (carryover from 2011 plan)
Lightning (carryover from 2011 plan)
Sea Level Change (carryover from 2011 plan)
Severe Winter Storms (new)
Tsunami (carryover from 2011 plan)
Wildfire/Urban Fire (carryover from 2011 plan)
Tropical Systems and Hurricanes (carryover from 2011 plan and separated)
Tornadoes (carryover from 2011 plan and separated)

One previously included hazard was eliminated from this Plan update. After review and discussion,
the HMPSC concluded that terrorism should not be included in this Plan update. The City has several
other planning mechanisms that are better suited to this man‐made threat, and the HMPSC
determined that this threat should not be carried over to this Plan update.
The following sections profile each of the 17 hazards listed above and include a description of the
hazard, location of the hazard, extent/severity of the hazard, impact on life and property, past
occurrences of the hazard, and the probability of future occurrences of the hazard.
To determine the probability of future occurrences of each hazard profiled, the following scale was
developed:
Low indicates that the hazard occurs an average of less than once every five years, and has resulted
or is anticipated to result in contained or minimal damage.
Moderate indicates that the hazard has occurred or is occurring with some regularity (at least once
in five years), but with limited spatial impacts, and either has or is anticipated to result in moderate
or limited damage
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High indicates that the hazard regularly occurs annually, and has the potential to impact a
widespread area of the jurisdiction.

6.3.1 Biological Event (updated)
Description of the Biological Event Hazard
Biological hazards, also known as biohazards, refer to biological substances that pose a threat to the
health of living organisms, primarily that of humans. This can include medical waste or samples of a
microorganism, virus or toxin (from a biological source) that can impact human health. It can also
include substances harmful to animals. The term and its associated symbol are generally used as a
warning, so that those potentially exposed to the substances will know to take precautions.
For the purposes of this hazard profile, biological events refer to those events that are accidental or
naturally occurring.
Location of the Biological Event Hazard
Biological events are non‐spatial, unless an effective quarantine can be established. All locations
within the City of Galveston are potentially at risk from this hazard.
Galveston is home to the University of Texas Medical Branch at Galveston (UTMB), which is a full
service medical campus that includes several medical and research facilities. In addition, UTMB also
conducts medical research; many research applications involve the use of live animals, pathogens,
and biological samples. In support of infectious disease research, UTMB has safely operated several
large suites of BSL‐3 and Animal BSL (ABSL) laboratories for several years. UTMB currently
operates a suite of eight BSL‐3 laboratories comprising a total of over 5,200 feet² and 2,400 feet² of
ABSL‐3 laboratories within the Keiller Building. The Keiller Building is home to the UTMB’s Center
for Biodefense and Emerging Infectious Diseases and the Pathology Department. Located between
the Keiller Building and Gail Borden Building is the John Sealy Pavilion for Infectious Diseases
Research, containing the Robert E. Shope BSL‐4 Laboratory, a 2,100 foot² BSL‐4 facility. In addition,
UTMB houses one of the nation’s most complete reference collections of bacteria, fungi, and viruses.
UTMB is also home to the Galveston National Lab (GNL), one of two National Biocontainment
Laboratories. GNL contains BSL‐4 labs. GNL maintains research space and capabilities to develop
therapies, vaccines and diagnostic tests for both naturally occurring and human‐created emerging
diseases, such as SARS, West Nile encephalitis, and avian influenza.
Figure 6.3.1‐1 (following) shows the campus of UTMB. Buildings in green are patient care facilities
and buildings in blue are research facilities, both of which routinely contain biohazards. 3 Building
41, located to the left of the patient care complex, is the Galveston National Lab.
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Figure 6.3.1‐1
UTMB Campus Map

Figure 6.3.1‐2 (following) shows the placement of the UTMB campus within the City of Galveston.
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Figure 6.3.1‐2
Location of UTMB Campus within City of Galveston

In addition, the City of Galveston is home to thousands of miles of sewer pipe, which contain millions
of gallons of untreated sewage prior to transport to sewage treatment facilities. Figure 6.3.1‐3
(following) shows the locations of these pipes.
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Figure 6.3.1‐3
Location of Sewer Pipes – City of Galveston

Extent/Severity of the Biological Event Hazard
The United States' Centers for Disease Control and Prevention (CDC) categorizes various diseases in
levels of biohazard, Level 1 being minimum risk and Level 4 being extreme risk.4


Biohazard Level 1: Bacteria and viruses including Bacillus subtilis, canine hepatitis,
Escherichia coli (E. Coli), varicella (chicken pox), as well as some cell cultures and non‐
infectious bacteria. At this level, precautions against the biohazardous materials in question
are minimal, most likely involving gloves and some sort of facial protection. Usually,
contaminated materials are left in open (but separately indicated) waste receptacles.
Decontamination procedures for this level are similar in most respects to modern
precautions against everyday viruses (i.e.: washing one's hands with anti‐bacterial soap,
washing all exposed surfaces of the lab with disinfectants, etc.). In a lab environment, all
materials used for cell and/or bacteria cultures are decontaminated via autoclave.
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Biohazard Level 2: Bacteria and viruses that cause only mild disease to humans, or are
difficult to contract via aerosol in a lab setting, such as hepatitis A, B, and C, influenza A,
Lyme disease, salmonella, mumps, measles, scrapie, dengue fever, and HIV. Routine
diagnostic work with clinical specimens can be done safely at Biosafety Level 2 (BSL‐2),
using BSL‐ 2 practices and procedures. Research work (including co‐cultivation, virus
replication studies, or manipulations involving concentrated virus) can be done in a BSL‐2
facility, using BSL‐3 practices and procedures. Virus production activities, including virus
concentrations, require a BSL‐3 facility and use of BSL‐3 practices and procedures.
Biohazard Level 3: Bacteria and viruses that can cause severe to fatal disease in humans,
but for which vaccines or other treatments exist, such as anthrax, West Nile virus,
Venezuelan equine encephalitis, SARS virus, variola virus (smallpox), tuberculosis, typhus,
Rift Valley fever, Rocky Mountain spotted fever, yellow fever, and malaria. Among parasites
Plasmodium falciparum, which causes Malaria, and Trypanosoma cruzi, which causes
trypanosomiasis, also come under this level.
Biohazard Level 4: Viruses and bacteria that cause severe to fatal disease in humans, and
for which vaccines or other treatments are not available, such as Bolivian and Argentine
hemorrhagic fevers, H5N1(bird flu), Dengue hemorrhagic fever, Marburg virus, Ebola virus,
hantaviruses, Lassa fever, Crimean‐Congo hemorrhagic fever, and other hemorrhagic
diseases. When dealing with biological hazards at this level the use of a Hazmat suit and a
self‐contained oxygen supply is mandatory. The entrance and exit of a Level Four biolab will
contain multiple showers, a vacuum room, an ultraviolet light room, autonomous detection
system, and other safety precautions designed to destroy all traces of the biohazard.
Multiple airlocks are employed and are electronically secured to prevent both doors
opening at the same time. All air and water service going to and coming from a BSL‐ 4 lab
will undergo similar decontamination procedures to eliminate the possibility of an
accidental release.

The Center for Disease Control and Prevention (CDC) determines the severity of pandemics and
communicable disease outbreaks based on a measurement system is known as the Pandemic
Severity Index. The index focuses less on how likely a disease will spread worldwide‐that is,
become a pandemic‐and more upon how severe the epidemic is. The main criterion used to
measure pandemic severity will be case‐fatality ratio (CFR), the percentage of deaths out of the
total reported cases of the disease.
The analogy of “category” levels was introduced to provide an understandable connection to
hurricane classification schemes, with specific reference to the aftermath of Hurricane Katrina. Like
the Saffir‐Simpson Hurricane Scale, the PSI ranges from 1 to 5, with Category 1 pandemics being
mildest (equivalent to seasonal flu) and level 5 being reserved for the most severe "worst‐case"
scenario pandemics (such as the 1918 Spanish flu).5
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Table 6.3.1‐1
Centers for Disease Control and Prevention Pandemic Severity Index
Centers for Disease Control and Prevention Pandemic Severity Index
Category

Case Fatality Ratio

Example(s)

1

less than 0.1%

Seasonal Flu and Swine Flu

2

0.1% to 0.5%

Asian Flu and Hong Kong Flu

3

0.5% to 1%

No examples provided

4

1% to 2%

No examples provided

5

2% or higher

Spanish flu

Given that Galveston is a coastal community with a high number of visitors and tourists (who arrive
by car, air and cruise ship), and given that the population is concentrated on the eastern third of the
island, Galveston could expect to experience the entire range of an outbreak’s severity.
Impact on Life and Property from the Biological Event Hazard
Biological events will have the most immediate impact on life. The extent of the impact will be
contingent on the type of infection or contagion, the severity of the outbreak, and the speed at
which it is transmitted. Property and infrastructure could be affected if large portions of the
population were affected and unable to perform maintenance and operations tasks. For example, if
a large percentage of workers are impacted, business, government and industry could have
depressed productivity and activity. This could lead to economic impacts and disruption in the City,
and could have a ripple effect to surrounding areas.
In case of a severe weather condition, operating procedures at the GNL facility call for a lockdown
of all infectious material and decontamination of high‐level biocontainment laboratories in the
event of an approaching hurricane. Storm preparedness is based on approximately 24‐hour notice
of probable landfall, considering the predicted strength of a storm. This allows sufficient time to
secure high containment operations, should this be deemed necessary, including the management
of animals.
Occurrences of the Biological Event Hazard
Occurrences of the biological event hazard are common. In recent history, there have been several E.
coli and Salmonella outbreaks traced to issues or deficiencies in the nation’s food supply, or to
restaurants or chains. Recent mutations in the influenza virus resulted in the World Health
Organization (WHO) declaring H1N1 to be a global pandemic.
Galveston is a port for cruise ships. In October 2014, the cruise ship Carnival Magic departed the
Port of Galveston with 4,200 passengers and 1,300 crew members. A few days out of port, the CDC
notified the ship that a passenger was a lab supervisor at Texas Health Presbyterian Hospital in
Dallas. Though this passenger has no direct contact with any infected patient and was not exhibiting
any symptoms of Ebola, the passenger had been present in a lab when Ebola samples were tested.
As a result, the CDC requested that the passenger be returned to the US from the next port of call,
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which was Belize. Until that disembarkment and return could occur, the passenger remained on
board the ship and in isolation.
In Galveston, UTMB has been conducting research on emerging infectious diseases and biodefense
for almost three decades. UTMB’s biodefense research infrastructure includes all levels of biosafety
laboratories with the recent addition of a 2,100 foot² BSL‐4 laboratory, the John Sealy Pavilion for
Infectious Diseases Research. Safety is a major concern in working with, and preventing the spread
of, highly infectious disease agents. There are five potential pathways for infectious agents to leave
biocontainment areas and to possibly cause human health effects. These pathways include direct
transmission, vector‐borne transmission, vehicle‐borne transmission, airborne transmission, and
waterborne transmission. UTMB has developed the necessary policies and procedures (e.g.,
Laboratory Security and Safety Plan for Laboratories Working with Select Agents, Biological Safety
Manual and Standard Operating Procedures for Keiller Building BSL‐3 Facility, and Biosafety Manual
Robert E. Shope, MD BSL‐4 Laboratory Policies and Procedures) that are applied to all facilities that
handle biohazards during operations. These policies and procedures, coupled with adequate and
appropriate worker training and adherence to NIH, CDC, USDHHS, and other standards, guidelines,
and procedures for biocontainment facility operation significantly reduce any threat to worker and
public health and safety. In the unlikely event of a biocontainment breach, the public would be
notified through a coordinated effort involving Federal, state, and local agencies.
Probability of Future Occurrences of the Biological Event Hazard
While a high concentration of biohazards does exist in the City of Galveston, all required
containment measures and plans are in place for such an event. The likelihood of such an event
occurring and impacting the community is low. A naturally occurring infection would have a larger
impact, and such an event is more likely to occur. Therefore, the probability of future occurrence of a
biohazard event is low.

6.3.2 Coastal Hazards (updated)
This hazard profile includes coastal erosion, coastal retreat, and coastal subsidence. Additional
information regarding location, extent, and occurrence can be found in Section 6.3.12, Sea Level
Change.
Description of Coastal Hazards
Coastal Erosion
Coastal erosion is a hydrologic hazard, and is defined by the wearing away of land or the removal of
beach or dune sediments by wave action, tidal currents, wave currents, or drainage. Waves,
generated by storms, wind, or fast moving motor craft, cause coastal erosion, which may take the
form of long‐term losses of sediment and rocks, or merely the temporary redistribution of coastal
sediments. Erosion in one location may result in accretion nearby. Coastal erosion may result from
a natural process, or it may be the result of human action.
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Coastal erosion can be classified as either long‐term or short‐term, depending on the time over
which it occurs. Long‐term erosion usually refers to a trend of erosion extending over several years
and can be caused by a deficit in the annual sediment budget or in the longshore transport rates
along the beach. It is possible for this type of erosion to occur without any significant impact to the
beach’s natural system if the beach profile is not changed by development but merely shifted
landwards.
Short‐term erosion refers to erosion occurring over a period of days because of extreme weather
events such as severe storm or hurricane activity. Short‐term erosion results in sudden and abrupt
changes to the profile of the beach. During short‐term erosion events, significant sand transport
occurs offshore. After the storm passes, normal beach processes usually produce onshore sand
transport, restoring the beach naturally. This natural restoration process may take many months or
years. In some cases, intervention to restore the beach to its former condition is not required. The
effect of severe hurricanes; however, may last for decades and can result in relatively permanent
features such as relocated tidal entrances.
Coastal erosion is a natural phenomenon of beaches. Beaches respond to environmental factors
such as annual variations in the amount of sand washed down from rivers, changes in river delta
channels, and changes in the weather, especially prevailing winds, severe storms and hurricanes.
The beach profile that is affected by the physical process of erosion extends from the top of the
dune system to a nearshore point seaward of the intertidal zone. As environmental conditions
change, the profile changes as sand is moved onshore or offshore. The movement of sand may
appear as beach erosion, beach accretion, dune build‐up, or the formation of sand bars.
Coastal Retreat
Coastal retreat is defined as any section of beach that is accreting or retreating as the result of a
complex interaction between the conflicting forces of sediment deposition, tidal movement, the
long‐shore current and sand storage in dunes and bars.
Coastal retreat can be the result of coastal erosion, and can worsen the impacts of tropical systems
and other coastal storms.
Coastal Subsidence
Coastal subsidence is defined as the loss of coastal surface elevation due to the removal of
subsurface support.
Subsidence can be the result of both nature and human action. Some natural subsidence occurs
over long periods of time, due to the natural settling process of millions of years’ accumulation of
sediments.
Most subsidence is caused by human action, however. In the Houston–Galveston area of coastal
Texas, much of the coastal subsidence has occurred because of the removal of groundwater. Large
amounts of groundwater have been pumped from the aquifers beneath the area, allowing the clay
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to compact under the weight of the ground and built environment above it. In other parts of the
world, subsidence is caused by oil and gas withdrawals and coal mining.
Subsidence is of concern in low lying coastal areas, where the land is already low in relation to the
water. As the ground subsides, be it from natural or human action, the elevation of the land in
relation to mean sea level becomes less and less, increasing the risk from and exposure to hazards
associated with coastal storms and tropical systems. Further inland, the effects of subsidence are
not as apparent, though the hazard does still exist.
Coastal subsidence is also of concern and can be particularly hazardous to those areas that are
simultaneously experiencing changes in sea level. (NOTE: Sea Level Change is profiled as a separate
hazard in this Plan. Please see section 6.3.11)
Location of Coastal Hazards
Coastal Erosion
As a barrier island with more than 30 miles of Gulf‐facing beach, and a similar amount of Bay‐facing
shoreline, Galveston has a history of coastal erosion. All shoreline areas of Galveston have the
potential to experience erosion. Information from the University of Texas Bureau of Economic
Geology indicates that as of 2011 (the most recent period for which data is available), the extreme
eastern end of Galveston Island trends more towards stable or accreting, whereas the western end of
the island is experiencing erosion. 6
Coastal Retreat
Coastal retreat is occurring in portions of Galveston, most notably at Pier 15 at the Port of
Galveston, and in places along the West End.
Figure 6.3.2‐1 (following) illustrates the location of the coastline in 1956, 1996, and the projected
location of the coastline by 2056. The location in this map is on the West End of Galveston, which is
the only location experiencing coastal retreat as of this update. 7
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Figure 6.3.2‐1
Galveston Coastal Retreat

Coastal Subsidence
Coastal subsidence is a regional phenomenon, generally affecting large geographic areas, such as the
Houston‐Galveston area, which is one of the most extreme cases of subsidence in the US, with up to
four meters of subsidence offering along the Houston Ship Channel, to the north of Galveston Island.8
As of this update, it is understood that all shoreline areas of Galveston may experience subsidence,
with areas near and along the Port (on the Bay side of the island) currently known to be
experiencing it. All other documented subsidence is in the general Houston‐Galveston area, but has
not been documented as specifically occurring on Galveston Island or in the City of Galveston.
Extent/Severity of Coastal Hazards
Coastal Erosion
Coastal erosion is measured as a rate, in terms of either linear feet (i.e., the feet of shoreline
recession per year) or as volumetric loss (i.e., cubic yards of eroded sediment per linear foot of
shoreline frontage per year). Figure 6.3.2‐2 (following) shows the shoreline changes in the West
Bay adjacent to Galveston Island over time.9 Rates of erosion are indicated in terms of feet per year.
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Figure 6.3.2‐2
West Bay Shoreline Changes from 1930s‐1982

As shown in this figure, Bay‐facing areas on the eastern end of the island and on the extreme
western end appear to be stable. This means that they are eroding at a rate of less than 2 feet per
year. The more central Bay‐facing areas of the island are experiencing erosion at rates between 2
and 10 feet per year.
Per the Texas Commission on Environmental Quality, the State agency charged with wetlands
conservation and protection, from the early 1950s to 1989, Galveston Bay lost nearly 35,000 acres
(20%) of its wetlands. By some estimates, more than 22 acres of wetlands – areas vital to protecting
the island from storm and tidal surges – have been lost to erosion in recent years alone.
Per the Texas General Land Office, portions of Galveston are experiencing fairly significant coastal
erosion, while other areas are either stable or accreting. Each coastal storm event only increases the
erosion that is otherwise occurring, and has the potential to alter the stability or accretion rates of
other areas. Depending on the specific location and the circumstances, Galveston could expect to
experience all situations, from severe erosion to accretion.
Coastal Retreat
Currently, no scale exists to measure the severity of coastal retreat. The severity of the hazard is
relative to the area in which is it occurring.
The following figure (6.3.3‐3) was obtained from a report issued by the USGS’s National Wetlands
Research Center, in Lafayette, LA. The graph illustrates a conceptual model of coastal retreat in
relation to a 1 meter (3.28 feet) anticipated rise in sea level over the next century. Note the
anticipated increased intrusion of saltwater into freshwater areas along the coast. Though this
model is based on climate change characteristics, retreating coastlines and increases in sea level
will result in increased saltwater intrusion in sensitive coastal areas.10
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Figure 6.3.3‐3
Coastal Retreat and Sea Level Change

A July 2011 report of the Coastal Coordination Council, prepared for the Texas General Land Office,
studied shoreline change rates along the Texas Gulf Coast, including Galveston Island. The report
states the following:
Notable areas undergoing extensive and significant shoreline retreat include the muddy marshes on
the upper Texas coast between High Island and Sabine Pass, the sandy barrier‐island shoreline on
Galveston Island west of the seawall, the low, fluvial/deltaic headland constructed by the Brazos and
Colorado Rivers, the sandy, headland‐flanking Matagorda Peninsula west of the Colorado River, San
Jose Island (a sandy, central Texas coast barrier island), and the northern end and much of the
southern half of Padre Island, a sandy barrier island on the lower Texas coast. Significant net shoreline
advance occurred adjacent to the long jetties that protect dredged channels at Sabine Pass, Bolivar
Roads, and Aransas Pass, near tidal inlets at the western ends of Galveston Island and Matagorda
Peninsula, near the mouth of the Brazos River, along most of Matagorda Island, and on the central part
of Padre Island.11

The report goes on to confirm an average rate of retreat of 1.24 meters per year for the entire Texas
Gulf coast, and an average rate of 1.6 meters per year along the upper Texas coast, including the City
of Galveston.
As coastal retreat is typically a slow‐developing hazard, this calculation serves as the extent of the
coastal retreat hazard as of this Plan update.
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Coastal Subsidence
Fact Sheet 110‐02 from the US Geological Survey states the following:
Land subsidence in the Houston‐Galveston Bay area has increased the frequency and
severity of flooding. In this low‐lying coastal environment, more than 10 ft of subsidence
has shifted the position of the coastline and changed the distribution of wetlands and
aquatic vegetation. In fact, the San Jacinto Battleground State Historical Park, site of the
battle that won Texas independence and commemorated with the San Jacinto Monument, is
now partly submerged.
Near the coast, the result of land subsidence is an apparent increase in sea level, or a
relative sea‐level rise—the net effect of global sea‐level rise and regional land subsidence in
the coastal zone. The sea level is in fact rising because of regional and global processes. The
combined effects of the eustatic sea‐level rise and natural consolidation of the sediments
along the Texas Gulf Coast yield a relative sea‐level rise from natural causes that locally
might exceed 0.08 inch per year (Paine, 1993). Although global warming is contributing to
the present‐day sea‐level rise and might result in a sea‐level increase of nearly 4 in. by 2050
(Titus and Narayanan, 1995), human‐induced subsidence, by far, has been the dominant
cause of relative sea‐level rise along the Texas Gulf Coast during the 20th century, exceeding
1 in. per year throughout much of the affected area (Coplin and Galloway, 1999).
Galveston Bay is one of the most important bay ecosystems in the United States. The estuary
is Texas’ leading bay fishery, and it supports vibrant recreation and tourism industries.
More than 60 percent of the bay’s 232 miles of shoreline is composed of highly productive
wetlands; because of subsidence, however, more than 26,000 acres of emergent wetlands
have been converted to open water and barren flats (White and others, 1993). Subsidence
also has contributed to an appreciable loss of submerged aquatic vegetation (mostly
seagrass) since the 1950s. Some bay shorelines have become more susceptible to erosion by
wave action because of loss of wetlands. As sea level rises, marshes along the shoreline are
drowned. When development is located near the shoreline, the potential for the landward
migration of marshes is greatly diminished. The result is a reduction in wetland habitats,
habitats that provide the foundation for commercial and recreational fisheries.12
A subsidence rate of more than approximately one inch annually has been documented on Galveston
Island. The rate of sea level rise exacerbates this rate, making it difficult to separate the rate of
subsidence from the rate of rise.
As coastal subsidence rise is typically a slow‐developing hazard, this calculation serves as the extent
of the hazard as of this Plan update.
Impact on Life and Property from Coastal Hazards
Coastal Erosion
Coastal erosion and the efforts taken to alleviate it have a huge effect upon both the infrastructure
and the economies that support the increasing coastal population. The processes that cause erosion
are interrelated and can have a compounding affect upon one another. Several contributing factors
to coastal erosion in Texas are influenced by human activity:
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Dams on the major rivers have reduced the volume sand and sediment from reaching the
Gulf coast;
Rivers have been diverted to better develop shipping lanes, resulting in critical erosion of
nearby communities and land, as well as shoaling, flooding, and safety issues in other areas;
Navigation structures such as jetties and dikes have changed the way sand moves along the
coast, eroding down‐drift shorelines;
Maintenance dredging of navigation channels has taken sand and sediment out of the
littoral system;
Seawalls, groins, and other protective structures have caused erosion of down‐drift beaches
and shorelines;
Wakes, surges, and waves from boats, ships, barges, and other vessels have eroded
shorelines adjacent to navigation channels;
Groundwater and petroleum extractions are causing land subsidence and subjecting large
regional areas of coastal land to be converted to open water; and
Wetland loss from dredging and filling to accommodate development has reduced the
wetlands’ ability to buffer erosion effects from winds and waves.

Erosion of coastal Texas negatively affects the state’s economy, damages natural resources, and
threatens the health and safety of millions of Texans and visitors, including closure and flooding of
roads used for hurricane evacuations. Erosion damage to the beach dune system has occurred along
the Texas Gulf coast, compromising the integrity of this natural defense against hurricane surges
and other severe storm impacts.
Approximately 30,000 commercial fishermen catch almost 100 million pounds of coastal fish and
shellfish annually, with an estimated value of approximately $270 million. The total economic
contribution to the state’s economy from the nearly 850,000 sport fishermen is over $2 billion per
year.
Coastal habitats attract 40,000 coastal waterfowl hunters, photographers, swimmers, campers,
bird‐watchers, boaters, and sightseers, generating an additional $3 billion per year.
Coastal destinations account for 30% of travel in Texas, which equates to some $10 billion per year.
The City of Galveston, as just such a destination, is financially dependent upon the tourism dollars
that their beaches generate. Coastal wetlands crucial to fish and waterfowl populations are
increasingly impacted by erosion and conversion to open water.
Texas coastal industries depend on the Gulf Intra‐Coastal Water Way (GIWW) and the major Texas
ports for import of raw materials and export of products. Overwhelmingly, Texas coastal industry is
petrochemical‐based. Among the planned expansions for Texas coastal industry are nine liquid
natural gas facilities. Navigation structures (e.g., jetties and dikes) and Operation and Maintenance
(O&M) practices protect and maintain the waterways for commerce, but have the unintended
consequence of causing erosion of adjacent shorelines. Additionally, vessel wakes, surges, and
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waves are among the causes of erosion of Texas coastal land. The growth of industry and expansion
of shipping will only exacerbate the erosion unless coastal erosion response projects are completed
in several key areas.
The GIWW extends 426 miles along the Texas Gulf Coast and links Texas’s deep‐water ports. The
GIWW provides the state’s oil, chemical, and mining industries direct access to important
Midwestern markets and plays a vital economic role in Texas.
Coastal Retreat
The impact on life and property from coastal retreat is similar, if not identical, to the impacts
experienced from coastal erosion.
Coastal Subsidence
Subsidence of coastal areas has the potential to be catastrophic to the City of Galveston, its assets
and residents. The island is already subject to flooding, both from rainfall and from coastal storms.
Any further decrease in elevation would only serve to worsen these conditions. This would lead to
increases in property damage and threats to the health and safety of residents.
The anticipated impact to structures is expected to be minimal, unless the subsidence occurred
underneath the structure or the supporting foundation. In this case, it’s anticipated that there would
be an impact to structures, and to the people who occupy them. Depending on the size of the area
affected by the subsidence, this impact could be a range, from minimal to severe.
In addition, the City owns and maintains a great deal of horizontal infrastructure that is at risk from
the impacts of coastal subsidence. This includes roads, water lines, and sewer lines. Much of this
infrastructure is in a state of temporary repair in the aftermath of Hurricane Ike, and is likely to
remain so for a significant period. This temporary infrastructure is predominantly above ground,
while other infrastructure is slightly below grade, which is standard in this part of Texas.
Occurrences of Coastal Hazards
Coastal Erosion
On average, 235 acres per year of land along the Texas gulf coast and land along the state’s bays,
estuaries, and navigation channels is lost due to erosion. Sixty‐three percent of the Texas Gulf
shoreline has an historical erosion rate of more than two feet per year, with some locations eroding
more than 10 feet per year.13
Table 6.3.2‐1
Location of Critically Eroding Shoreline in Texas
Locations of Critical Shoreline Erosion in Texas, 2010
Critical Erosion
County
Gulf Shoreline
Bay Shoreline
(Gulf)
168,960 feet
327,360 feet
142,560 feet
Jefferson
(32 miles)
(62 miles)
(27 miles)
Chambers
5,280 feet
865,920 feet
5,280 feet
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County

Harris
Galveston
Brazoria
Matagorda
Jackson

Locations of Critical Shoreline Erosion in Texas, 2010
Critical Erosion
Gulf Shoreline
Bay Shoreline
(Gulf)
(1 miles)
(164 miles)
(1 mile)
459,360 feet
0
0
(87 miles)
290,400 feet
1,536,480 feet
253,440 feet
(55 miles)
(291 miles)
(48 miles)
153,120 feet
924,000 feet
105,660 feet
(29 miles)
(175 miles)
(20 miles)
321,024 feet
2,170,080 feet
179,520 feet
(60.8 miles)
(411 miles)
(34 miles)
147,840 feet
0
0
(28 miles)

Erosion Rates
(Gulf)
0
‐2 to ‐11 feet/year
‐2 to ‐17 feet/year
‐2 to ‐30 feet/year
0

Galveston experienced significant beach erosion from Hurricane Ike, as evident in Figure 6.3.2‐4
(following). These photographs are of structures at the eastern end of Galveston Island, and are Gulf‐
facing.14
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Figure 6.3.2‐4
Evidence of Short‐Term Erosion Following Hurricane Ike – Eastern End

As is evident in these before‐and‐after photographs, the short‐term coastal erosion experienced
during Hurricane Ike was extensive. Note also the complete loss of natural vegetation and dune
systems.
The following photographs are of structures on the West End of Galveston Island, and are Gulf‐
facing. They also show significant loss of beach, vegetation and dune systems.
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Figure 6.3.2‐5
Evidence of Short‐Term Erosion Following Hurricane Ike – West End

Coastal Retreat
Some portions of Texas beaches are advancing and some are retreating. In general, the beaches are
retreating. A substantial reduction of the width and breath of beaches, along with a reduction in
dune structures, could allow hurricane driven storm surge to move further inland than what would
otherwise be the case. A reduction in coastal marshes can have a similar effect.
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In general, the State regards this as a minor threat. In the areas seaward of most major Texas
coastal cities, the beach/coastal marsh is stable or accreting.
Coastal Subsidence
In the critical areas along Galveston Bay, the land surface has sunk as much as 10 feet since 1906,
per the Harris Galveston Subsidence District. Experts have been studying the subsidence phenomena
for almost 100 years, and with each hurricane, subsidence and flooding problems worsen.
Simply put, subsidence will cease when communities cease pumping too much groundwater.
However, the conversion from groundwater to alternative sources of water (surface water, treated
effluent, etc.) is not as simple. Many of the cities, industries, and others in the coastal areas
converted years ago to surface water, at considerable costs. This has had positive effects on this
hazard and its consequences.
No reports of significant additional occurrences of these coastal hazards were discovered since the
2010 Plan was developed.
Probability of Future Occurrences of Coastal Hazards
Each of these coastal hazards has impacted Galveston or is currently impacting Galveston. Each of
them can be expected to impact Galveston in the future. These hazards are slow‐developing, and are
a fact of life for this island community. Using the scale provided in the beginning of this section, the
probability of a future occurrence of at least one of these hazards – and potentially all three – is high.

6.3.3 Drought (updated)
Description of the Drought Hazard
Drought is a normal part of virtually all climatic regions, including areas with high and low average
rainfall. Drought is the consequence of anticipated natural precipitation reduction over an extended
period, usually a season or more in length. Drought is one of the most complex of all natural hazards,
as it is difficult to determine a precise beginning or end. In addition, drought can lead to or be
exacerbated by other hazards, such as extreme heat or wildfires.
Droughts are classified as meteorological, hydrologic, agricultural and socioeconomic. Each of these
classifications can be defined as follows:




Meteorological drought is defined by a period of substantially diminished
precipitation duration and/or intensity. The commonly used definition of
meteorological drought is an interval of time, generally on the order of months or years,
during which the actual moisture supply at a given place consistently falls below the
climatically appropriate moisture supply.
Agricultural drought occurs when there is inadequate soil moisture to meet the needs
of a particular crop at a particular time. Agricultural drought usually occurs after or
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during meteorological drought, but before hydrological drought and can affect livestock
and other dry‐land agricultural operations.
Hydrological drought refers to deficiencies in surface and subsurface water supplies. It
is measured as stream flow, snow pack, and as lake, reservoir, and groundwater levels.
There is usually a delay between lack of rain or snow and less measurable water in
streams, lakes, and reservoirs. Therefore, hydrological measurements tend to lag behind
other drought indicators.
Socio‐economic drought occurs when physical water shortages start to affect the
health, well‐being, and quality of life of the people, or when the drought starts to affect
the supply and demand of an economic product.

Location of the Drought Hazard
Droughts can affect areas as small as a few counties to entire regions of the country. Droughts are
not defined by a specific geographic boundary or location. The entire city, which is about 209 miles²,
is at risk from or exposed to the drought hazard. The City could also be severely impacted by
droughts on the mainland, as all their potable water originates from mainland sources.
Extent/Severity of the Drought Hazard
Droughts are measured using the Palmer Drought Severity Index (PDSI), also known as the Palmer
Index. The Palmer Index was developed by Wayne Palmer in the 1960s and uses temperature and
rainfall information in a formula to determine dryness. It has become the semi‐official drought
index.
The Palmer Index is most effective in determining long term drought—a matter of several
months—and is not as good with short‐term forecasts (a matter of weeks). It uses a 0 as normal,
and drought is shown in terms of minus numbers; for example, ‐2 is moderate drought, ‐3 is severe
drought, and ‐4 is extreme drought. The Palmer Index is also useful for reflecting excess rain using a
corresponding level reflected by plus figures; i.e., 0 is normal, +2 is moderate rainfall, etc.
The advantage of the Palmer Index is that it is standardized to local climate, so it can be applied to
any part of the country to demonstrate relative drought or rainfall conditions. The negative is that it
is not as good for short term forecasts, and is not particularly useful in calculating supplies of water
locked up in snow, so it works best east of the Continental Divide.
Table 6.3.3‐1 (following) illustrates the PDSI classifications.15

July 27, 2017 – Page 6‐25

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Table 6.3.3‐1
Palmer Drought Severity Index
Palmer Drought Severity Index
Classification
Description
4.00 or more
Extremely wet
3.00 to 3.99
Very wet
2.00 to 2.99
Moderately wet
1.00 to 1.99
Slightly wet
0.50 to 0.99
Incipient wet spell
0.49 to ‐0.49
Near normal
‐0.50 to ‐0.99
Incipient dry spell
‐1.00 to ‐1.99
Mild drought
‐2.00 to ‐2.99
Moderate drought
‐3.00 to ‐3.99
Severe drought
‐4.00 or less
Extreme drought

Drought is monitored nation‐wide by the National Drought Mitigation Center (NDMC). Indicators are
used to describe broad scale drought conditions across the country. Indicators correspond to the
intensity of the drought. Based on information obtained from the US Drought Monitor, as of this plan
update most of Texas ‐ including the City of Galveston ‐ is not currently experiencing drought
conditions.16
Galveston is subject to periodic dry spells, as is all coastal Texas. Should a prolonged drought occur
on the mainland or affect the source of potable water for the City, the City would experience the
more severe effects of drought, even if local drought conditions were not severe. The City could
experience the full extent of the PDSI scale, either directly (occurring on the island and in the City) or
indirectly (occurring on the mainland and impacting the availability of potable water to the City).
Impact on Life and Property from the Drought Hazard
Droughts can affect a large geographic area, and can range in size from a few counties to a few states.
Their potential to impact wildlife and agricultural concerns can be enormous. Droughts can kill
crops, edible plants and wildlife habitat, and destroy grazing lands and trees. Dead or dying
vegetation, a normal result of drought, can then serve as a prime ignition source for wildfires.
Perhaps the best‐known example of the impacts on life and property from drought is the Dust Bowl.
The phenomenon was caused by severe drought coupled with decades of poor farming and land
management practices. Deep plowing of the virgin topsoil of the Great Plains killed the natural
grasses that normally kept the soil in place and trapped moisture even during periods of drought
and high winds.
During the (naturally occurring) drought of the 1930s, with no natural anchors to keep the soil in
place, it dried, turned to dust, and blew away eastward and southward in large dark clouds. At
times the clouds blackened the sky reaching all the way to East Coast cities such as New York and
Washington, D.C. Much of the soil ended up deposited in the Atlantic Ocean, carried by prevailing
winds which were in part created by the dry and bare soil conditions. These immense dust
storms—given names such as "Black Blizzards" and "Black Rollers"—often reduced visibility to a
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few feet and produced deadly electrical storms. The Dust Bowl affected an estimated 100M acres,
centered on the panhandles of Texas and Oklahoma, and adjacent parts of New Mexico, Colorado,
and Kansas.
The Dust Bowl was an ecological and human disaster caused by misuse of land and years of
sustained, naturally occurring drought. Millions of acres of farmland became useless, and hundreds
of thousands of people were forced to leave their homes to survive.
The worst drought in 50 years affected at least 35 states during the summer of 1988. In some areas
the lack of rainfall dated back to 1984. In 1988, rainfall totals over the Midwest, Northern Plains,
and the Rockies were 50‐85% below normal. Crops and livestock died and some areas became
desert. Forest fires began over the Northwest, and by autumn 4,100,000 acres had burned. A
government policy called "Let Burn" was in effect for Yellowstone National Park, with disastrous
results. Half of the National Park ‐ 2,100,000 acres ‐ was charred when a huge forest fire developed.
For the City of Galveston, the impact of a drought could be enormous. As a barrier island, Galveston
has no local source of potable water. All potable water must be purchased from mainland suppliers
and transported to the island via a pipeline. In the event of a prolonged drought, it is possible that
there would not be enough water available to the City to maintain its current pressure levels (and
therefore to maintain the safety of the potable water system), or to support the population.
Businesses and services that depend on water could be devastated, including fire and emergency
services. Given the number of wood‐frame structures in the City, a structure fire combined with
limited water or water pressure conditions because of drought could be disastrous.
Drought has the potential to significantly affect special populations, including the elderly, children,
and tourists. In addition, a drought of a prolonged nature could have significant impacts on the
City’s ability to obtain and distribute potable water, which is required to sustain life, safety and
health.
Occurrences of the Drought Hazard
The historic frequency of occurrence of drought for the Galveston area is occasional. Based on
historical data, it can be expected that every 6 years Galveston County (the smallest unit for which
data is available) will experience at least 1 drought season. Historical frequencies from 1895 to 1995
reveal that the entire Texas Gulf Coast Basin (which includes the City of Galveston) has suffered
drought conditions at least every 10‐20 years.
Since the last plan, drought conditions in Galveston and east Texas have improved, and there have
been no recent occurrences of the hazard.
Probability of Future Occurrences of the Drought Hazard
Using the scale provided at the beginning of this section, the probability of a future occurrence of the
drought hazard is low. This is verified by the US Seasonal Drought Outlook, issued by the Climate
Prediction Center of the National Weather Service.17
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Figure 6.3.3‐1
US Seasonal Drought Outlook
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6.3.4 Environmental Disaster (updated)
Description of the Environmental Disaster Hazard
An environmental disaster is an incident, which causes harm or negative consequences to the
natural environment due to human activity. Environmental disasters may be exacerbated by natural
phenomenon, but they do not originate from nature. While the actual harm that some environmental
disasters may cause can be debated, the consequences to humans and to the built environment are
rarely debatable.
Examples of environmental disasters include:










Habitat destruction is the process in which natural habitat is rendered functionally unable
to support the species present. In this process, the organisms which previously used the site
are displaced or destroyed, reducing biodiversity. Habitat destruction by human activity
mainly for the purpose of harvesting natural resources for industry production and
urbanization. Clearing habitats for agriculture is the principal cause of habitat destruction.
Other important causes of habitat destruction include mining, logging, and urban sprawl.
Habitat destruction is currently ranked as the most significant cause of species extinction
worldwide.
Land pollution is the degradation of Earth's land surfaces often caused by human activities
and the misuse of land resources. It occurs when waste is not disposed of properly. Health
hazard disposal of urban and industrial wastes, extraction of minerals, and improper use of
soil by inadequate agricultural practices are a few causes. Urbanization and industrialization
are major sources of land pollution.
An oil spill is an unintentional release of a liquid petroleum hydrocarbon into the
environment due to human activity, and is a form of pollution. The term often refers to
marine oil spills, where oil is released into the ocean or coastal waters. Oil spills include
releases of crude oil from tankers, offshore platforms, drilling rigs and wells, as well as spills
of refined petroleum products (such as gasoline) and their by‐products, and heavier fuels
used by large ships such as bunker fuel, or the spill of any oily refuse or waste oil. Spills may
take months or even years to clean up. Oil also enters the marine environment from natural
oil seeps. Most human‐made oil pollution comes from land‐based activity, but public
attention and regulation has tended to focus most sharply on seagoing oil tankers.
Smog is a kind of air pollution; the word "smog" is a hybrid of smoke and fog. Modern smog
is a type of air pollution derived from vehicular emission from internal combustion engines
and industrial fumes that react in the atmosphere with sunlight to form secondary
pollutants that also combine with the primary emissions to form photochemical smog. Smog
is also caused by large amounts of coal burning in an area caused by a mixture of smoke and
sulfur dioxide.
Damage to underground septic tanks and systems can lead to serious environmental
contamination for local communities. Storm surge and other flooding events exert
hydrostatic and hydrodynamic forces on the system, including the tanks, causing damage to
the containment system, including leaking, seeping and – in some cases – can cause the tank
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itself to “pop” out of the ground. This leads to raw sewage contamination of both the land
area and the surrounding waters.
Location of the Environmental Disaster Hazard
Environmental disasters can happen anywhere in or near Galveston. As a barrier island, the City is
surrounded by Gulf and Bay waters. Any spill or incident in those waters will likely impact the City
and its residents. Incidents on the mainland also have the potential to impact the City, depending on
the incident type and weather conditions.
In addition, there are an unidentified number of individually‐owned septic systems on the West End
of Galveston Island. All septic systems are located west of the Seawall. These systems have caused
environmental damage after being damaged by storm surge themselves. Currently, no map exists
that illustrates the locations of these systems.
Extent/Severity of the Environmental Disaster Hazard
There is no single method of determining the extent or severity of an environmental disaster. Some
types of events have severity scales; others do not. This section provides an example of the types of
scales and indices that might be used, depending on the type of disaster and how the environment is
impacted.
To determine air quality, the US Environmental Protection Agency (EPA) has established the Air
Quality Index. This index has established boundaries to indicate the healthfulness of the ambient air
in a given location. This information is available through the EPA, and is often is included with local
weather forecasts on news programs. Table 6.3.4‐1 (below) shows this index.18
Table 6.3.4‐1
US Air Quality Index
Air Quality Values
0 – 50
51 – 100
101 – 150
151 – 200
201 – 300
301 – 500

EPA Air Quality Index
Levels of Health Concern
Good
Moderate
Unhealthy for Sensitive Groups
Unhealthy
Very Unhealthy
Hazardous

Color
Green
Yellow
Orange
Red
Purple
Maroon

There are many severity scales that are used for chemical or product spills. Each of these scales,
however, is specific to the type of chemical or product, and many are specific to the geography of the
area.
Depending on the type of environmental disaster that occurred, Galveston could experience severe
consequences. Any incident in the Gulf of Mexico or the shipping channels would likely impact
Galveston before the Texas mainland. Galveston is also subject to frequent coastal storms, which also
increase the likelihood and severity of environmental disasters.
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Impact on Life and Property from the Environmental Disaster Hazard
Environmental disasters can effect agriculture, biodiversity, the economy and human health. The
causes include pollution, depletion of natural resources, industrial activity or agriculture. As the
original Plan was being developed in 2010, the world was watching the largest oil contamination
event in US history unfold in the Gulf of Mexico, a few hundred miles offshore from Galveston. In July
2010, oil from the Deepwater Horizon accident began washing up on the beaches in Galveston and
the Bolivar Peninsula to the north of Galveston. Oil has also impacted coastal communities in
Louisiana, Alabama, Mississippi, and Florida. This incident underscores the point that environmental
disasters have far reaching effects and consequences.
As a barrier island, the City has the potential of being impacted by an incident in the Gulf of Mexico.
The City has nearly 30 miles of Gulf‐facing coastline. The Bureau of Ocean Energy Management
maintains statistics on offshore drilling. Per their information, there are 29,290 offshore leases in the
Gulf of Mexico as of January 31, 2016.19 Each one of these leases poses a risk to the shoreline of
Galveston, to the people that live in and visit the City, and to the ecosystems that make up the island.
Occurrences of the Environmental Disaster Hazard
In the aftermath of Hurricane Ike, the City experienced an environmental disaster from the damage
to privately‐owned and maintained septic systems on the West End of Galveston Island. It is
unknown exactly how many on‐site sewage treatment systems there are on the Island; the Galveston
County Health Department (the agency responsible for permitting the systems) estimates there to be
several hundred, though many were installed prior to the presently‐required permitting process.
The small lot sizes, high water tables and regular tidal erosion combine to make this hazard a
frequent risk. After Hurricane Ike, entire systems were washed out, leading to bacterial
contamination of the property and surrounding area. Also, in many cases, the tank lid collapsed
under the additional weight of the water, allowing the contents to escape and the tanks to fill with
sand and debris.
The Galveston County Health Department estimates that they identified 140 damaged septic systems
after Hurricane Ike, though this number is far from concrete. The wide‐spread damage left by
Hurricane Ike made it difficult to determine what debris belonged to what property, or even if the
septic system was damaged. Specific management and cleanup information was provided to
homeowners from the Texas Commission on Environmental Quality (TCEQ) and the US
Environmental Protection Agency (EPA) to guide property owners through the clean‐up and use of
these damaged or compromised systems in the wake of Hurricane Ike.
In March 2014, the 585‐foot bulk carrier Summer Wind collided with a barge. The barge was carrying
924,000 gallons of marine fuel oil – 170,000 of which spilled in Galveston Bay. The cleanup of the
spill was accomplished in approximately six weeks, with limited negative impacts to the City of
Galveston or Galveston Island. The impacts were limited largely due to the swiftness of the response
to the spill.
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The Galveston area faces the effects of environmental disasters with some regularity; the City is part
of the designated Houston‐Galveston‐Brazoria Ozone Nonattainment Area. Constant challenges are
faced in dealing with the effects of poor air quality in the area.
Probability of Future Occurrences of the Environmental Disaster Hazard
While large‐scale environmental disasters are rare, smaller occurrences happen regularly on
Galveston Island, often as cascading events in conjunction with other hazards. Based on local
knowledge and expertise, and using the scale provided earlier in this section, the HMPSC ranked the
probability of future occurrence of the environmental disaster hazard as moderate.

6.3.5 Expansive Soils
Description of the Expansive Soils Hazard
Expansive soils are soils and soft rock that swell or shrink due to changes in the moisture content.
These soils tend to be primarily composed of bentonite, smectite, or other reactive clays that attract
water.
While these types of soils are not generally present on Galveston Island – which is comprised
largely of sandy soils from the fill that was used to elevate the island (at least on the east end) – the
effect is the same. The sandy soils swell when wet, causing shifting of the built environment.
Location of the Expansive Soils Hazard
Expansive soils can be found throughout Texas, including the entirety of the planning area.
Figure 6.3.5‐1 (following) illustrates this fact. As seen in this figure, the planning area is
contained within the areas coded blue, which are defined as “Part of unit (generally less than
50%) consists of clay having high swelling potential.” 20
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Figure 6.3.5‐1
Expansive Soils in Texas

The approximate location of the City of Galveston is indicated in the figure above. The entire
City, which is about 209 miles², is exposed to the expansive soils hazard, as the island

itself is comprised of soils that are largely comprised of clay with a high swelling
potential.
Extent/Severity of the Expansive Soils Hazard
ASTM International (formerly known as the American Society for Testing and Materials) develops
voluntary industry standards for a variety of industry. A standard is a document that has been
established to meet applicable requirements and regulations. While ASTM standards are voluntary,
they are widely used in a variety of industries. 21
ASTM has developed a standard test method for an expansion index of soils. This test is designed to
indicate the swelling potential of compacted soil. While the use of this standard requires reliable
texting methodology, the scale developed can provide indications of the potential expansion of the
tested soil.22
Table 6.3.5‐1 (following) provides an overview of this scale. 23 it is unknown how the soils
throughout the City would fall on this scale, but it is thought that the potential exists for the
complete range of expansion to occur.
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Table 6.3.5‐1
Classification of Potential Expansion of Soils Using ASTM’s Expansion Index
ASTM Expansion Index
Expansion Index

Potential for Expansion

0 – 20

Very low

21 – 50

Low

51 – 90

Medium

91 – 130

High

>131

Very High

Impact on Life and Property from the Expansive Soils Hazard
Expansive soils pose a risk to the built environment around them. Specifically, structures
built on top of these soils can experience shifting, setting, and other foundation damages.
In extreme cases, the entire structure may collapse or be damaged by these soils.
In addition, utilities that are run through these soils, and roadways that are on top of them, may
also experience damage. Expansion and contraction of the surrounding or underlying soils can
result in shifting, cracking, or other damages to utility lines and roadways, rendering them useless
or impassable. This can result in utility and transportation interruptions that negatively impact
operations and movement. Swelling and contracting of the soils on the island has caused shifting
and movement of utility line assets, which impacted service and availability of the utilities in and to
the City.
Previous Occurrences of the Expansive Soils Hazard
Occurrences of expansive soils cannot be documented until damages occur. Thus, this hazard
cannot be considered a time‐specific hazard.
The City of Galveston has reported experiencing the effects of expansive soils on occasion.
Swelling and contracting of the soils on the east end of Galveston Island have caused shifting
and movement of utility lines, which has resulted in minor disruptions in service and caused
repairs to the infrastructure. None of these events can be considered catastrophic, and all were
repaired in short order. The City considers these instances to be an on‐going maintenance and
repair concern for their utility infrastructure. No reports of serious or significant occurrences of
the hazard were reported during the development of this Plan update.
Probability of Future Occurrences of the Expansive Soils Hazard
The SHMP notes that while this hazard is prevalent in the state, it is not well documented. The
SHMP ranks the frequency of occurrence of the expansive soil hazard as unlikely, meaning that
an event is possible within the next ten years24.

July 27, 2017 – Page 6‐34

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
This Plan update concurs with that assessment, and – in consideration of the scale provided
earlier in this section ‐ assigns a probability of low for a future occurrence.

6.3.6 Extreme Heat
Description of the Extreme Heat Hazard
North American summers are hot; most summers see heat waves in one section or another of the
US. East of the Rockies, they tend to combine both high temperature and high humidity, although
some of the worst have been catastrophically dry.
Extreme heat is defined as summertime weather that is substantially hotter and/or more humid
than average for a location at that time of year. Extreme heat conditions can increase the incidence
of mortality and morbidity in affected populations.
Location of the Extreme Heat Hazard
Extreme heat is not a hazard with a defined geographic boundary. The entire planning area can
expect to experience the hazards.
Extent/Severity of the Extreme Heat Hazard
The National Weather Service (NWS) issues a range of watches and warnings associated with
extreme heat, as illustrated below:






Excessive Heat Outlook: when the potential exists for an excessive heat event in the next 3
to 7 days. An outlook is used to indicate that a heat event may develop. It is intended to
provide information to those who need considerable lead time to prepare for the event,
such as public utilities, emergency management and public health officials.
Excessive Heat Watch: when conditions are favorable for an excessive heat event in the
next 12 to 48 hours. A watch is used when the risk of a heat wave has increased, but its
occurrence and timing is still uncertain. It is intended to provide enough lead time so those
who need to set their plans in motion can do so, such as established individual city
excessive heat event mitigation plans.
Excessive Heat Warning/Advisory: when an excessive heat event is expected in the next
36 hours. These products are issued when an excessive heat event is occurring, is imminent,
or has a very high probability of occurrence. The warning is used for conditions posing a
threat to life or property. An advisory is for less serious conditions that cause significant
discomfort or inconvenience and, if caution is not taken, could lead to a threat to life and/or
property.

The NWS also developed the Heat Index (HI). The HI is sometimes referred to as the "apparent
temperature". The HI, given in degrees F, is a measure of how hot it feels when relative
humidity (RH) is added to the actual air temperature. To find the HI, NWS uses the Heat Index
Chart, found following in Figure 6.3.6‐1. As an example, if the air temperature is 96°F (found on
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the top of the table) and the RH is 65% (found on the left of the table), the HI ‐ or how hot it
feels ‐ is 121°F. This is at the intersection of the 96° column and the 65% row.
Since HI values were devised for shady, light wind conditions, exposure to full sunshine can
increase HI values by up to 15°f. Also, strong winds, particularly with very hot, dry air, can be
extremely hazardous.
Note the shaded zone above 105°F on the Heat Index Chart. This corresponds to a level of HI that
may cause increasingly severe heat disorders with continued exposure and/or physical activity.
Figure 6.3.6‐1
Heat Index Chart25

The City of Galveston could experience the full extent of the hazard, as defined NOAA’s Heat Index
Chart, though it is mostly likely that high temperatures max out in the ‘extreme caution’ or ‘danger
range’ of the scale, based on data maintained by the NCDC.
When extreme heat occurs or is forecast to occur, the NWS issues heat advisories based on heat
indices; these advisories are issued through the media and the Emergency Alert System. The
NWS aids state and local health officials in preparing civil emergency messages for severe heat
waves, in addition to preparing special weather statements that define who is most at risk, safety
rules, and the expected severity of the situation. The NWS also aids state and local authorities
with issuing warnings and survival tips.
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The NWS has defined criteria for these heat advisories, which are issued by the local office of the
NWS. Table 6.3.6‐1 (following) provides these criteria. 26
Table 6.3.6‐1
National Weather Service – Heat Product Criteria
National Weather Service Heat Products
Alert Issued

Criteria

Excessive Heat Warning

An Excessive Heat Warning is issued within 12 hours of the onset of
extremely dangerous heat conditions. The general rule of thumb for this
Warning is when the maximum heat index temperature is expected to be
105° or higher for at least 2 days and night time air temperatures will
not drop below 75°; however, these criteria vary across the country,
especially for areas not used to extreme heat conditions. If you don't
take precautions immediately when conditions are extreme, you become
seriously illness or even die.

Excessive Heat Watch

Heat watches are issued when conditions are favorable for an excessive
heat event in the next 24 to 72 hours. A Watch is used when the risk of a
heat wave has increased but its occurrence and timing is still uncertain.

Heat Advisory

A Heat Advisory is issued within 12 hours of the onset of extremely
dangerous heat conditions. The general rule of thumb for this Advisory
is when the maximum heat index temperature is expected to be 100° or
higher for at least 2 days, and night time air temperatures will not drop
below 75°; however, these criteria vary across the country, especially for
areas that are not used to dangerous heat conditions. Take precautions
to avoid heat illness. If you don't take precautions, you could become
seriously ill or even die.

Excessive Heat Outlook

Excessive Heat Outlooks are issued when the potential exists for an
excessive heat event in the next 3‐7 days. An Outlook provides
information to those who need considerable lead‐time to prepare for the
event.

Impact on Life and Property from the Extreme Heat Hazard
Health risks from extreme heat include sunburn, dehydration, heat cramps, heat exhaustion,
and heat stroke. Heat disorders generally result from a reduction or collapse of the body’s
ability to cool itself by circulatory changes and sweating, or a chemical (salt) imbalance caused
by too much sweating. When the body cannot cool itself, or when it cannot compensate for
fluids and salt lost through perspiration, the temperature of the body’s inner core begins to rise,
and heat‐related illness may develop. All other factors being equal, the severity of heat
disorders tends to increase with age. Heat cramps in a 17‐year‐old may be heat exhaustion in
someone who is 40, and heat stroke in a person over 60.
Table 6.3.6‐2 (following) provides the potential health hazards associated with heat, by
category. 27
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Table 6.3.6‐2
Potential Health Hazards Associated with Heat Index
Potential Health Hazards from Heat
Category
Heat Index
Health Hazards
Extreme
130°F‐
Heat stroke/ sunstroke is likely with continued exposure.
Danger
Higher
105°F‐
Sunstroke, muscle cramps, and/or heat exhaustion with prolonged
Danger
129°F
exposure and/or physical activity.
Extreme
Sunstroke, muscle cramps, and/or heat exhaustion with prolonged
90°F‐ 105°F
Caution
exposure and/or physical activity.
Caution
80°F‐ 90°F
Fatigue possible with prolonged exposure and/or physical activity.

Approximately 35% of the City of Galveston’s population is over 50 and is more vulnerable to the
extreme heat hazard.
In addition to the effects that extreme heat can have on people, there are also potential effects to
the City of Galveston’s assets from extreme heat. Increases in the exterior temperature mean that
the utilities and processes by which interior spaces are controlled and conditioned must work
harder to regulate those interior temperatures. This places an additional strain on existing utility
systems, which can fail under the increased workload. Failure of cooling mechanisms places people
at risk from prolonged exposure to extreme heat.
Occurrences of the Extreme Heat Hazard
The record high temperature in Galveston was 104°F, recorded on September 5, 2000. Average
summer temperatures are routinely in the 90s, and can exceed 100°F throughout the planning
area.28 Per the NCDC, there have been seven occurrences of extreme heat, with two fatalities,
recorded for Galveston since 1999.29 No occurrences of the hazard were recorded by the NCDC or
reported since the previous plan was developed.

Probability of Future Occurrences of the Extreme Heat Hazard
Generally, temperatures across the globe are increasing. The previous few summers in eastern
Texas have been above‐average in temperature. The SHMP places the probability of a future
occurrence of the extreme heat hazard as highly likely.30 Given that the planning area is located
entirely within Texas, this plan concurs with that assessment, and places the probability of a future
occurrence as high.

6.3.7 Extreme Wind (updated and separated)
Description of the Extreme Wind Hazard
This section focuses on the extreme wind hazard. This hazard is most often accompanied by other
storm hazards, but can occur as a stand‐alone hazard event.
As defined by the National Weather Service, wind is
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The horizontal motion of the air past a given point. Winds begin with differences in air pressures.
Pressure that's higher at one place than another sets up a force pushing from the high toward the low
pressure. The greater the difference in pressures, the stronger the force. The distance between the
area of high pressure and the area of low pressure also determines how fast the moving air is
accelerated. Meteorologists refer to the force that starts the wind flowing as the "pressure gradient
force." High and low pressures are relative. There's no set number that divides high and low
pressure. Wind is used to describe the prevailing direction from which the wind is blowing with the
speed given usually in miles per hour or knots.

The extreme winds hazard will focus on severe thunderstorms and straight line winds.
The National Oceanic and Atmospheric Administration (NOAA) defines a severe thunderstorm as
A thunderstorm that produces a tornado, winds of at least 58 mph (50 knots), and/or hail at least ¾"
in diameter. Structural wind damage may imply the occurrence of a severe thunderstorm. A
thunderstorm wind equal to or greater than 40 mph (35 knots) and/or hail of at least ½" is defined
as approaching severe.

Straight line winds are responsible for most thunderstorm wind damages, and can exceed 100 MPH.
One type of straight‐line wind, the downburst, is a small area of rapidly descending air beneath a
thunderstorm. A downburst can cause damage equivalent to a strong tornado and can be extremely
dangerous to aviation
Location of the Extreme Wind Hazard
Extreme winds can and do impact the entirety of the city of Galveston. As the City is a barrier island
that is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to
and at risk from extreme wind events.
Extent/Severity of the Extreme Wind Hazard
The severity and extent of extreme winds events varies, depending on the type of storm that
produces the event. Table 6.3.7‐1 (following) demonstrates the Beaufort Wind Force Scale, used to
describe primarily maritime wind conditions.31
Table 6.3.7‐1
Beaufort Wind Force Scale

Beaufort Wind Force Scale
Beaufort
Number
0

Wind Speed
in MPH
>1

1

1‐3

Light Air

2

4‐7

Light Breeze

3

8‐12

Gentle Breeze

4

13‐18

Moderate Breeze

5

19‐24

Fresh Breeze

Seaman’s Term

Effects on Land

Calm

Calm; smoke rises vertically
Smoke drift indicates wind direction; vanes do not
move
Wind felt on face; leaves rustle; vanes begin to move
Leaves, small twigs in constant motion; light flags
extended
Dust, leaves and loose paper raised up; small
branches move
Small trees begin to sway
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Beaufort Wind Force Scale
Beaufort
Number

Wind Speed
in MPH

Seaman’s Term

6

25‐31

Strong Breeze

7

32‐28

Moderate Gale

8

39‐46

Fresh Gale

9

47‐54

Strong Gale

10

55‐63

Whole Gale

11

64‐72

Storm

12

73<

Hurricane Force

Effects on Land
Large branches of trees in motion; whistling heard
in wires
Whole trees in motion; resistance felt in walking
against the wind
Twigs and small branches broken off trees
Slight structural damage occurs; slate blown from
roofs
Seldom experienced on land; trees broken;
structural damage occurs
Very rarely experienced on land; usually with
widespread damage
Violence and destruction

As a barrier island, Galveston expects to experience the entire range of extreme winds. Galveston has
experienced the full extent of the scale on numerous occasions, including every hurricane that has
come into proximity to the island.
Impact on Life and Property from the Extreme Wind Hazard
Extreme winds have the potential to devastate the City of Galveston. The City’s location as a barrier
island makes it particularly susceptible to extreme winds. All areas of the City are at risk from the
extreme wind hazard. Extreme wind can damage buildings, building components, infrastructure,
exposed equipment, vehicles, exposed utilities, trees, and people. Trees may be uprooted, which
may result in downed power lines, vehicle damages, and building damages when they fall.
Flying debris is a primary concern with extreme wind, as is the structural integrity of buildings.
Though the City has adopted, continually evaluates, and enforces stringent building codes, designed
to protect the built environment, these building codes only apply to newer construction in most
circumstances. Older building stock remains at risk from extreme wind events in most cases.
Table 6.3.7‐2 (following) provides details of impacts to the City from the hazard.
Occurrences of the Extreme Wind Hazard
Table 6.3.7‐2 (following) details selected occurrences of extreme wind events in the City of
Galveston. The storm type and estimated damages, fatalities and injuries are noted (where data
available). Note that this table is intended to be representative of the hazard occurrences, may not
include all known occurrences, but does include all documented occurrences since the previous
plan was approved in 2011.3233
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Table 6.3.7‐2
Occurrences of the Extreme Wind Hazard in the City of Galveston
Occurrences of the Extreme Wind Hazard in the City of Galveston
Date
June 10,
1975
August 31,
1981

Type of
Extreme
Winds
Severe
Thunder‐
storm
Severe
Thunder‐
storm

Fatalities

Injuries

Estimated
Damages

0

0

None
Reported

61 KTS

0

0

None
Reported

80 KTS

May 2, 1993

Severe
Thunder‐
storm

0

0

$50M
(County‐
wide)

March 9,
1994

Severe
Thunder‐
storm

0

0

$5,000

June 23,
1996

Severe
Thunder‐
storm

0

0

None
Reported

November
5, 1997

Severe
Thunder‐
storm

0

0

$51,000

June 6,
1998

Severe
Thunder‐
storm

0

0

$20,000

October 6,
1998

Severe
Thunder‐
storm

0

0

$5,000

Notes

Numerous trees were knocked down, roofs
were damaged, and power line were blown or
knocked down county‐wide. The National
Weather Service Office in downtown Galveston
reported a wind gust to 68 MPH while at
Scholes Field a peak gust of 98 MPH was
recorded. At Scholes Field three hangers were
destroyed and two private aircraft were
damaged. Two shrimp boats were blown onto
the north jetty at the entrance to Galveston
Bay. One shrimp boat capsized in the West Bay.
The United States Coast Guard reported
numerous fishing boats and barges broke away
from their mooring. Galveston City Manager
reported 64 businesses damaged; twelve
apartment complexes and several large stores
had roofs stripped of shingles and windows
blown in. Near 10,000 homes were without
power. Many vehicles were damaged from
flying debris.
Bow echo moved across western portion of
Galveston Island producing winds of 80 to 100
MPH. These winds were recorded by three
citizens who owned home‐based anemometers.
The highest wind recorded was 102 MPH.
Damage was minimal since most homes in this
region were on stilts in this region. Only
damage was some breakaway walls on the
ground floor were blown down.
Coast Guard reported 50‐70 KT gusts at Pelican
Cut in Galveston Bay.
Power lines down and an 18 ‐wheeler
overturned at Harborside Drive & Avenue A.
Windows blown out at the Moody Center on
the Seawall. Garden shed at nursery on 32nd
Street destroyed. Power lines blown down in
eastern Galveston. Hotel roof on 61st Street
blown off.
Coast Guard estimated 85 KT winds at the ferry
landing. 150‐foot dry dock blew off moorings
into a ship. Dredge pipes (75‐foot‐long, 2000‐
3000 pounds) blown off shore into the water.
75 MPH gusts at the Ferry landing in Galveston
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Occurrences of the Extreme Wind Hazard in the City of Galveston
Date

Type of
Extreme
Winds

Fatalities

Injuries

Estimated
Damages

May 10,
1999

Severe
Thunder‐
storm

0

0

$200,000

May 2, 2000

Severe
Thunder‐
storm

0

0

$1M

April 8,
2002

Severe
Thunder‐
storm

0

0

$70,000

December
30, 2002

Severe
Thunder‐
storm

0

0

$30,000

May 08,
2005

Severe
Thunder‐
storm

0

0

$175,000

May 22,
2007

Severe
Thunder‐
storm

0

0

None
Reported

Notes
Portion of convenience store on Broadway
destroyed. Fence blown down at Gulf Health
Care Center. Numerous power poles, street
signs and traffic signs blown down between
61st and 71st Streets near Harborside Drive.
Roof of home torn off and 2‐ton boat blown
into car along Channelview Drive. Numerous
reports of trees and power lines down across
island. Wind speed not recorded.
A strong storm system produced widespread
severe thunderstorms over southeast Texas.
Storm surveys revealed most of the wind
damage to be due to downburst winds. Severe
damage occurred at Scholes Field in Galveston
where several small planes were overturned
and the NOAA P‐3 research aircraft was
damaged.
There were an extensive number of power
lines down along FM 3005 on Galveston Island.
Wind damage to homes on the West End of
Galveston Island, most extensive at Terramar
and Bay Harbor subdivisions, with 4 houses
missing up to half their roofs, and a couple
dozen homes with missing shingles and blown
out windows.
140 feet of roof ripped off the Shops at the
Balinese Room on the Galveston seawall.
Exactly one week after the December 23rd
outbreak, Southeast Texas received another
round of severe weather as the next storm
system moved out of the southwestern US
toward Texas. This event only lasted three
hours (compared to eighteen hours on the
23rd). This event only had three tornadoes
(compared to ten on the 23rd). However,
damage from two of these three tornadoes was
significant since it occurred over heavily
populated areas. This event had no injuries,
and the total damage cost was just under
$450,000. Wind reported at 65 KTs at the
Pleasure Pier.
Building damage along the Port of Galveston,
vehicle blown off the road and trees down. One
house shifted about ten feet into another house
next door, dislodging it from its piers (both
homes were Galveston 1900 Storm survivors).
Wind speeds measured at 61 KTs.
53 KTs winds reported. Tree downed in the
Gulf Village subdivision near Stewart Road.
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Occurrences of the Extreme Wind Hazard in the City of Galveston
Type of
Extreme
Winds

Date

August 30,
2009

April 20,
2012
May 27,
2014

Severe
Thunder‐
storm,
Tornado
Severe
Thunder‐
storm
Severe
Thunder‐
storm

Fatalities

Injuries

Estimated
Damages

Notes

0

0

Unknown

51 KTs Wind gust was measured at Galveston
Scholes Field. Several strong thunderstorms
formed late in the evening near Galveston
Island along a nearly stationary surface front. A
waterspout developed off the coast near
Galveston Island before moving inland and
doing damage as a tornado.

0

0

Unknown

78 MPH winds were recorded at Moody
Gardens.

0

0

Unknown

Winds of 60MPH blew down utility poles and
power lines in the City.

Probability of Future Occurrences of the Extreme Wind Hazard
Based on the history of extreme wind events, local knowledge, and the City’s location as a barrier
island, using the scale provided at the beginning of this section, the probability of a future
occurrence of extreme winds is high.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

6.3.8 Flooding (updated)
Description of the Flooding Hazard
Floods are naturally occurring events. Excess water from snowmelt, rainfall, or storm surge
accumulates and either overflows onto banks or backs up into adjacent floodplains. Flooding in
coastal environments can be exacerbated by tidal influence in low lying areas.
The National Flood Insurance Program (NFIP) defines flood in the following way:
A general and temporary condition of partial or complete inundation of two or more acres
of normally dry land area or of two or more properties from overflow of inland or tidal
waters, from unusual and rapid accumulation or runoff of surface waters from any source,
or from mudflow.
Location of the Flooding Hazard
As a barrier island, the entirety of the City of Galveston is subject to flooding. Though a portion of
the City is protected by the Seawall, it is important to remember that this protection is only on the
Gulf‐facing side of the City; there is no such protection for the portion of the city that faces the Bay.
See Figure 6.3.8‐1 (following) for flood zone designations and boundaries, as defined by FEMA.
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Figure 6.3.8‐1
Location of Special Flood Hazard Areas in Galveston

Flood Control and Protection in Galveston
In the aftermath of the 1900 hurricane, physical changes were made to the Island to provide for
flood protection. Portions of the Island itself were elevated, using fill dredged from Galveston Bay.
Some portions of the Island were elevated to a height of 17’ MSL. Note that this elevation occurred
only on the eastern third of the Island, which was and remains the more densely populated portion.
No such grade rising occurred on the West End, which remains largely at its natural elevation.
In addition to the elevation, construction of a seawall was commenced. The Galveston Seawall is a
flood protection device that was built after the Galveston Hurricane of 1900 for protection from
future storm surge inundation. Construction began in September 1902, and the initial segment was
completed on July 29, 1904. From 1904 to 1963, the seawall was extended from 3.3 miles to over
10 miles long, its present length. It was constructed to approximately 17’ high (MSL), and 16’ thick
at its base. The Seawall was listed in the National Register of Historic Places in 1977 and designated
a National Civil Engineering Landmark by the American Society of Civil Engineers (ASCE) in 2001.
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Extent/Severity of the Flooding Hazard
Virtually the entirety of Galveston lies within an SFHA, as noted in Map 6.3.8‐1. This includes the
majority of residential structures, historic assets, critical facilities, and City‐owned assets.
In Galveston, the threat of flooding from coastal storm surge inundation is real. With more than 30
miles of Gulf‐facing beach, and just as many miles of Bay‐facing shore, the City is surrounded by
water that is subject to hurricanes and other coastal storm events. Storm surge is a result of
extreme winds pushing on the surface of the ocean, causing the water to rise to a height above
normal sea level. When storm surge encounters land, it is measured in height above normal tide
levels. Though a portion of the City is protected by the Seawall and has been artificially elevated,
most the land within the City’s jurisdiction is not protected and has not been artificially elevated. It
is worth noting that the Seawall was constructed to a height of 17’ MSL; storm surge of any greater
height could overtop the protection, leaving the entirety of the land within the City’s jurisdiction
vulnerable to storm surge inundation.
In support of the NFIP, FEMA identifies those areas that are more vulnerable to flooding by
producing Flood Hazard Boundary Maps (FHBM), Flood Insurance Rate Maps (FIRM), and Flood
Boundary and Floodway Maps (FBFM). Several areas of flood hazards are commonly identified on
these maps. One of the areas identified in the Special Flood Hazard Area (SFHA), which is a high‐
risk area defined as any land that would be inundated by a flood having a 1% chance of occurring in
any given year (also known as the base flood). The flood zone designations are defined as follows:












Zone V (1% annual chance flooding). Areas along coasts subject to inundation by the 1%
annual chance of flooding with additional hazards associated with storm‐induced waves.
Because hydraulic analyses have not been performed, no BFEs or flood depths are shown.
Zones VE and V1‐30 (1% annual chance flooding). Areas along coasts subject to
inundation by the 1% annual chance of flooding with additional hazards associated with
storm‐induced waves. BFEs derived from detailed hydraulic analyses are shown within
these zones. (Zone VE is used on new and revised maps in place on Zones V1‐30.)
Zone A (1% annual chance flooding). Areas with a 1% annual chance of flooding and a
26% chance of flooding over the life of a 30‐year mortgage. Because detailed analyses are
not performed for such areas, no depths or base flood elevations are shown within these
areas.
Zone AE (1% annual chance of flooding). Areas with a 1% annual chance of flooding and
a 26% chance of flooding over the life of a 30‐year mortgage. In most instances, base flood
elevations derived from detailed analyses are shown at selected intervals within these
zones.
Zone AH (1% annual chance of flooding). Areas with a 1% annual chance of flooding
where shallow flooding (usually areas of ponding) can occur with average depths between
one and three feet.
Zone AO (1% annual chance of flooding). Areas with a 1% annual chance of flooding,
where shallow flooding average depths are between one and three feet.
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Zone X (shaded) (0.2% annual chance of flooding). Represents areas between the limits
of the 1% annual chance flooding and 0.2% chance flooding.
Zone X (unshaded). Areas outside of the 1% annual chance floodplain and 0.2% annual
chance floodplain, areas of 1% annual chance sheet flow flooding where average depths are
less than one (1) foot, areas of 1% annual chance stream flooding where the contributing
drainage area is less than one (1) square mile, or areas protected from the 1% annual
chance flood by levees. No Base Flood Elevation or depths are shown within this zone.

In addition to the threat from storm surge and other tropical causes of flooding, the City is also
prone to street flooding during heavy rain events. The storm water drainage system on the island is
gravity‐fed, and the island itself has limited changes in elevation from one side to the other. This
means that storm water drains slowly through the drainage system, and often backs up in the storm
water system. This leads to gutter and street flooding for a period after heavy rain events.
The National Weather Service has established definitions of flood stages and accompanying
watches and warnings, used in warnings and notifications to all users of their products, including
the public and emergency managers. Table 6.3.8‐1 below, provides these terms and their
definitions.34
Table 6.3.8‐1
National Weather Service Flood Stages

Term

Flood stage

Flood categories

Minor flooding
Moderate flooding

Major flooding

Flood Categories
Definition
An established gage height for a given location at which a rise
in water surface level begins to impact lives, property, or
commerce. The issuance of flood (and in some case flash flood)
warnings is linked to flood stage. Not necessarily the same as
bankfull stage.
Terms defined for each forecast point which describe or
categorize the severity of flood impacts in the corresponding
river/stream reach. The severity of flooding at a given stage is
not necessarily the same at all locations along a river reach
due to varying channel/bank characteristics or presence of
levees on portions of the reach. Therefore, the upper and
lower stages for any given flood category are usually
associated with water levels corresponding to the most
significant flood impacts somewhere in the reach.
Minimal or no property damage, but possibly some public
threat (e.g., inundation of roads)
Some inundation of structures and roads near stream. Some
evacuations of people and /or transfer of property to higher
elevations.
Extensive inundation of structures and roads. Significant
evacuations of people and/or transfer of property to higher
elevations.
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Flood Categories
Definition

Term

Record flooding
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138

Flooding which equals or exceeds the highest stage or
discharge observed at a given site during the period of record.
The highest stage on record is not necessarily above the other
three flood categories – it may be within any of them or even
less than the lowest, particularly if the period of record is
short (e.g., a few years).

The City of Galveston has experienced the complete extent of the flood hazard, including major
flooding (Hurricane Ike, 2008) and Record Flooding (1900 Storm), and could experience the
complete range in the future.
The 1900 Storm produced the highest recorded surge and flood elevations on Galveston Island.
This was due in part to the fact that at the time of the 1900 Storm the Island was at its natural
elevation, with no portion of it having been elevated at that time. NOAA’s historical archives
contain a report on the 1900 Storm written by Isaac Cline, the Local Forecast Official and Section
Director for the Galveston Weather Office during the 1900 Storm. This report contains the
following description from this first‐hand account of the storm surge and subsequent flooding:
The water rose at a steady rate from 3 p.m. until about 7:30 p.m., when there was a sudden rise of
about four feet in as many seconds. I was standing at my front door, which was partly open,
watching the water, which was flowing with great rapidity from east to west. The water at this
time was about eight inches deep in my residence, and the sudden rise of 4 feet brought it above
my waist before I could change my position. The water had now reached a stage 10 feet above the
ground at Rosenberg Avenue (Twenty‐fifth street) and Q street, where my residence stood. The
ground was 5.2 feet elevation, which made the tide 15.2 feet. The tide rose the next hour, between
7:30 and 8:30 p.m., nearly five feet additional, making a total tide in that locality of about twenty
feet. These observations were carefully taken and represent to within a few tenths of a foot the
true conditions. Other personal observations in my vicinity confirm these estimates. The tide,
however, on the bay or north side of the city did not obtain a height of more than 15 feet. It is
possible that there was 5 feet of backwater on the Gulf side as a result of debris accumulating four
to six blocks inland.35

Hurricane Ike produced a wide range of flood heights in the City, with official high water marks
ranging from 7.5’ MSL to 12.8’ MSL. The figure following indicates the high‐water marks for the
storm’s impact area, as measured by the Harris County Flood Control District, and referenced in
NOAA’s official report on Hurricane Ike.
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Figure 6.3.8‐2
Hurricane Ike High Water Mark Measurements36

Based on these two accounts, which represent the most significant extent of flooding experienced in
the City, the extent of the flood hazard for those portions of the Island that remain at natural
elevation (the West End) is approximately 20’ MSL. For those portions of the Island that were
elevated after the 1900 Storm, the extent of the flood hazard is approximately 12‐13’ MSL, based on
Hurricane Ike.
Impact on Life and Property from the Flooding Hazard
A 1% flood event poses a significant threat to the City, its assets, and its residents. Structures that
exist or are constructed in the SFHA are subject to damage from flood waters and floating debris, as
well as to being undermined by erosion or scour. Moving water exerts hydrodynamic pressure on
such structures, whereas still water exerts hydrostatic pressure. Both hydrostatic and
hydrodynamic forces can cause serious damage, including complete destruction, of non‐mitigated
structures. Utility systems, such as HVAC systems, water and septic lines, and electrical systems,
can be compromised, damaged or destroyed by flood waters, even if not completely inundated.
The best‐known flood event in Galveston’s history is, of course, the 1900 Hurricane. This hurricane,
also known as The Great Storm, redefined the City and its residents, and was the impetus for both
the elevation of the Island and the construction of the Seawall. At the time of the 1900 Storm, the
highest point in the city of Galveston was 8.7’ above sea level. The hurricane brought with it a storm
surge of over 15 feet, which inundated the entire island. The surge knocked buildings off their
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foundations and the surf pounded them to pieces. More than 3,600 homes were destroyed and a
wall of debris faced the ocean.
As severe as the damage to the city’s buildings was, the human toll was even greater. Rescuers
arrived to find the city destroyed. It is believed 8,000 people – at least 20% of the island’s
population ‐ lost their lives. Estimates range from 6,000 to 12,000, with no possibility of
determining an actual death toll. Most had drowned or been crushed as the waves pounded the
debris that had been their homes hours earlier. Many survived the storm itself but died after
several days trapped under the wreckage of the city, with rescuers unable to reach them. The
rescuers could hear the screams of the survivors as they walked on the debris trying to rescue those
they could. A further 30,000 were left homeless. More people were killed in this single storm than
the total of those killed in all the tropical cyclones that have struck the US since. As of 2009, more
than 300 tropical systems have struck the US. The Galveston Hurricane of 1900 remains the
deadliest natural disaster in US history.
108 years later, almost to the day, Hurricane Ike devastated Galveston Island. Ike began impacting
the City on Friday, September 12, 2008. Waves began crashing along the Seawall early that
morning. By later that afternoon, the storm surge began overtopping the Seawall. Widespread
flooding included downtown Galveston: 6’ deep inside the Galveston County Courthouse, and the
University of Texas Medical Branch at Galveston was devastated by flood waters. Wide scale
flooding caused failures of UTMB systems and allowed mold to invade buildings. Students were
transferred to other Texas medical schools immediately after the storm while determinations were
made about the future of the hospital and medical school. All emergency facilities were moved to
the Houston medical center. It was not until August 1, 2009 that UTMB's emergency room was
reopened.
In addition, the floodwaters of Ike also devastated the City’s water and wastewater systems. The
failure of both systems to function resulted in the delayed return of evacuated residents, due to
unsafe and unsanitary living conditions on the Island. Most residents were prohibited from
returning to their homes – those whose homes remained ‐ for at least a week after the flood waters
receded.
The NFIP, Repetitive Loss, and Severe Repetitive Loss Properties
The City of Galveston joined the NFIP on May 07, 1971, and is a member of the program in good
standing. Since the completion of their first hazard mitigation plan, the City has also joined the
Community Rating System. The City joined the CRS in August 2013, and is currently rated as a Class
7, per the City’s Floodplain Manager.
From 1971 through 2015, residents and businesses in Galveston have made 20,021 claims against
NFIP policies. Those claims resulted in payments of $790,110,119 to policy holders, for an average
claim payment of almost $40,000.
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The City also has many properties that have been designated by the NFIP as either Repetitive Loss
or Severe Repetitive Loss. A Repetitive Loss (RL) property is any insurable building for which two
or more claims of more than $1,000 were paid by the National Flood Insurance Program (NFIP)
within any rolling ten‐year period, since 1978. A RL property may or may not be currently insured
by the NFIP. Currently there are over 122,000 RL properties nationwide.
The National Flood Insurance Reform Act of 2004 also recognized repetitive loss as a significant
problem and defined severe repetitive loss as: “a single‐family property (consisting of 1 to 4
residences) that is covered under flood insurance by the NFIP and has incurred flood‐related
damage for which 4 or more separate claims payments have been paid under flood insurance
coverage, with the amount of each claim payment exceeding $5,000 and with cumulative amount of
such claims payments exceeding $20,000; or for which at least 2 separate claims payments have
been made with the cumulative amount of such claims exceeding the reported value of the
property. 37
As of July 31, 2015, there were 492 properties designated as RL in the City of Galveston. An
additional 27 properties were designated as SRL. Of these designated properties, 104 were
classified as commercial, and 388 were classified as residential.
Occurrences of the Flooding Hazard
Table 6.3.8‐2 (below) depicts the occurrences of the flood hazard in the City of Galveston. The type
of flooding and estimated damages, fatalities and injuries are noted (where data available). Note
that this table, which is based on both local reports and NCDC data, is intended to be representative,
may not include all known occurrences of the flood hazard, but does include all documented
occurrences since the previous plan was approved in 2011.38
Table 6.3.8‐2
Occurrences of the Flood Hazard in the City of Galveston
Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Date
Fatalities Injuries
Notes
Flooding
Damages
Local police reported street flooding on the
05‐30‐1995
Urban
0
0
Unknown
island.
The center of Tropical Storm Dean made
landfall near San Luis Pass and moved
Tropical
$400,000
inland. Tides were three to 3.5 feet above
07‐30‐1995
Storm
0
0
(affected
normal and ranged from 3.3 feet at
Dean
area)
Morgan’s Point to 4.8 feet at Pleasure Pier
above lower low water.
5‐7" rainfall caused street and bayou,
04‐25‐1997
Flash
0
0
Unknown
flooding.
Heavy rain combined with high tides
11‐05‐1997
Flash
0
0
$20,000
caused severe street flooding in the eastern
half of Galveston Island.
Harborside Drive, 19th Street, 30th Street,
06‐29‐1998
Flash
0
0
Unknown 35th Street, and 50th Streets impassable
due to high water.
July 27, 2017 – Page 6‐50

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking

Date

08‐21‐1998

09‐07‐1998

06‐‐2001
08‐15‐2002
10‐08‐2002

07‐14‐2003

Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Fatalities Injuries
Notes
Flooding
Damages
Beach erosion accounted for the damage
estimates. Tides ran 2‐3 feet above
Tropical
predicted astronomical levels. Most areas
Storm
0
0
$25,000
across SE Texas averaged 2‐4 inches of rain
Charley
fall, however locations to the coast received
4‐6 inches.
On the beach front at Galveston Pleasure
Pier the tides rose above 4 feet above
MLLW on Wednesday afternoon and
remained above this level until the Friday
afternoon. The maximum level was reached
on Thursday evening when the gauge read
around 7 feet above MLLW or about 4.5 feet
above the predicted levels. In Galveston Bay
a similar even took place. With tides above
4 feet MLLW for 36 to 48 consecutive hours
and winds in excess of 25 mph through the
same period led to the destructive waves
Tropical
$287 M
along the beach front. These destructive
Storm
2
0
(declared
waves resulted in most of the dune systems
Frances
area)
from High Island to Sargent, Texas being
almost destroyed. Over 4 inches of rain fell
over all the Houston/Galveston County
Warning area. With tides already running 4
to 6 feet above normal the runoff from the
rains was not able to easily runoff into the
bays thus resulting in more widespread
flooding of inland creeks and bayous
especially early Friday morning. Most of the
damage was along the coast and around
Galveston Bay where high tides and winds
destroyed dunes and personal property.
Tropical
Storm
0
0
Unknown Flooding from Tropical Storm Allison.
Allison
Water in cars and businesses, streets
Flash
0
0
$100,000 closed. Island received more than 11 inches
of rain.
Roads flooded and impassable on Galveston
Flash
0
0
$15,000
Island after almost 3.50 inches of rain in 2
1/2 hours.
Major beach erosion was observed from
High Island to Freeport. Large geo‐tubes on
$10.9M
Hurricane
Galveston Island and the Bolivar Peninsula
0
0
(declared
Claudette
did significantly reduce erosion. Coastal
area)
roads along the west end of Galveston Bay
were under water due to tidal flooding.

July 27, 2017 – Page 6‐51

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking

Date

08‐30‐2003

09‐23‐2005

08‐19‐2006
10‐16‐2006

09‐13‐2008

05‐14‐2010
09‐01‐2015

233
234
235
236
237
238

Occurrences of the Flood Hazard in the City of Galveston
Type of
Estimated
Fatalities Injuries
Notes
Flooding
Damages
Heavy rainfall between 6 and 12 inches was
Tropical
observed from extreme eastern Galveston
Storm
0
0
$50,000
County to across the Bolivar Peninsula and
Grace
northward into Chambers and portions of
Liberty Counties.
Dunes protecting many beach houses along
the West End of Galveston Island were
washed away. Large geo tubes along
portions of the West End of Galveston
Island did reduce erosion in areas where
$60,000
Hurricane
they were installed. Most flooding was due
0
0
(City‐
Rita
to high tides along Galveston Island and the
specific)
Bolivar Peninsula. Most of this flooding
occurred near the time of landfall as water
in Galveston Bay was pushed south out of
the Bay onto the north facing shores of the
island and the peninsula.
Flooding across the East End of Galveston
Flash
0
0
$10,000
Island and in The Strand area.
Coastal flooding lead to high water in
Coastal
0
0
$75,000
Galveston near Offatt’s Bayou and 61st
Street.
The unusually large storm produced an
unusually large hurricane force wind field.
The large wind field caused tides around
Galveston Island to rise as much as nine
feet 24 hours before the storm made
16
landfall. Complete tide gauge records for
Hurricane unaccoun numero
this area are unavailable since many of the
$200M+
Ike
ted for
us
sensors failed from salt water intrusion and
residents
large wave action, although ground
assessment teams determined that the
surge was generally between 15 and 20 ft.
Storm surge levels on Galveston Island and
on the west side of Galveston Bay are
estimated to be between 10 and 15 ft.
Flash
Heavy rainfall led to inundation of Stewart
0
0
Unknown
Flooding
Road.
Heavy rainfall led to flash flooding and
Flash
inundated roadways throughout the island,
0
0
$10,000
Flooding
including major thoroughfares and the
Texas A&M Galveston Campus.

Probability of Future Occurrences of the Flooding Hazard
Given that Galveston is a barrier island with more than 95% of its jurisdiction located within the
Special Flood Hazard Area, using the scale provided at the beginning of this section, the probability
of future occurrences of flooding is high.
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6.3.9 Hail
Description of the Hail Hazard
Hail is defined as falling ice, roughly round in shape and at least 0.2’ in diameter. Hail develops in
the upper atmosphere as ice crystals that are bounced about by high velocity updraft winds; the ice
crystals accumulate frozen droplets and fall after developing enough weight. The size of hailstones
varies and is a direct consequence of the severity and size of the storm that produces them – the
higher the temperatures at the Earth’s surface, the greater the strength of the updrafts and the
amount of time hailstones are suspended, the greater the size of the hailstone.
Location of the Hail Hazard
Hail is a non‐spatial hazard. All locations in the planning area at risk from the hail hazard.
Extent/Severity of the Hail Hazard
The National Oceanic and Atmospheric Administration (the parent agency for the NWS) and the
Tornado and Storm Research Organization (TORRO) both created Hailstorm Intensity Scales.
Table 6.3.9‐1 (below) provides details of these scales. 39
Table 6.3.9‐1
Combined NOAA/TORRO Hailstorm Intensity Scale
Hail Intensity Scales
Size
Intensity
Typical Hail Approximate
Code
Category
Diameter
Size
H0
Hard Hail
Up to 0.33”
Pea
Potentially
Marble or
H1
0.33” – 0.60”
Damaging
mothball
Potentially
H2
0.60” – 0.80” Dime or grape
Damaging
Nickel to
quarter

Typical Damage Impacts
No damage
Slight damage to plants and crops
Significant damage to fruit, crops and
vegetation
Severe damage to fruit and crops,
damage to glass and plastic structures,
paint and wood scored
Widespread glass damage, vehicle body
damage
Wholesale destruction of glass, damage
to tiled roofs, significant risk of injuries
Aircraft body dented, brick walls pitted
Severe roof damage, risk of serious
injuries

H3

Severe

0.80” – 1.20”

H4

Severe

1.20” – 1.60”

H5

Destructive

1.60” – 2.0”

H6

Destructive
Very
Destructive
Very
Destructive

2.0” – 2.4”

Half dollar to
ping pong ball
Silver dollar to
golf ball
Lime or egg

2.4” – 3.0”

Tennis ball

3.0” – 3.5”

Baseball to
orange

Severe damage to aircraft body

3.5” – 4.0”

Grapefruit

Extensive structural damage, risk of
severe or fatal injuries to persons
caught in the open

H7
H8
H9

Super
Hailstorms

A 3” hail event (Very Destructive) was recorded in 1975, and is assumed to demonstrate the extent
of the hail hazard that the City is likely to experience, though it is possible that the City could
experience a Super Hailstorm in the future.
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Impact on Life and Property from the Hail Hazard
In general, the impacts to assets and operations with the City from the hail hazard are expected to
be moderate to low. The more modern structures meet stringent wind and flood construction
standards, which should provide residual protection from hail events, which are often short‐lived.
Historic structures on the Island are far more likely to be damaged. Also more likely to be damaged
are assets on exposed rooftops, such as satellite and communications equipment, solar panels and
emergency lighting.
Vehicles are another area of concern. Vehicles are often in use and parked in uncovered areas, and
are constantly exposed to the weather, and would be at significant risk to hail events. While parking
garages for private vehicles are available, street and lot parking are the more popular options. Each
vehicle parked in the open is vulnerable to hail damage. Since 1950, five occurrences of hail have
resulted in at least $26,000 in damages to property in the City of Galveston, based on NCDC
records.40 This estimate is likely low, as it only includes reported damages, but is a useful as a point
of reference for the impact that a hail event can have on a City.
While it is possible that people could be injured by hail, this is a very rare occurrence, with no
occurrences recorded in the City.
Occurrences of the Hail Hazard
According to the NCDC, 112 hail events have been reported in Galveston County (the lowest unit for
which records are maintained) from 1950 to 2015. At least 12 of these occurrences were reported
on Galveston Island, resulting in a confirmed average recurrence rate of more than five years.
There was one reported occurrence of the hail hazard in the City of Galveston since the 2011 Plan; it
is accounted for in the statistics above.
Probability of Future Occurrences of the Hail Hazard
Based on historic occurrence (one event in Galveston every 5.42 years) and in consideration of the
scale provided at the beginning of this section, the probability of a future occurrence of the hail
event is low.

6.3.10

Hazardous Materials Incident (updated)

Description of the Hazardous Materials Incident Hazard
A hazardous material is a biological, chemical, or physical agent with the potential to cause harm to
the environment or people on its own or when combined with other factors or materials. For the
purposes of this mitigation plan, this hazard will include fixed site facilities, pipelines, and
transportation incidents.
Hazardous materials incidents are technological (meaning non‐natural hazards created or
influenced by humans) events that involve large‐scale accidental or intentional releases of chemical,
biological, or radiological (nuclear) materials.
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Pipeline incidents are typically incidents in which the pipeline is breached or fails. An estimated 2.2
million miles of pipelines carry hazardous materials throughout the US – more than 77,000 miles of
which is in Texas. Pipelines transport natural gas, crude or refined oils, fuels, and petrochemical
products. Some pipelines also transport liquefied gases, such as carbon dioxide.
Hazardous materials come in the form of explosives, flammable and combustible substances, toxic
releases and waste materials. These substances are most often released as a result of transportation
accidents or because of chemical accidents in plants. Hazardous materials in various forms can
cause death, serious injury, long‐lasting health effects, and damage to buildings, homes, and other
property. Many products containing hazardous chemicals are used and stored in homes routinely.
These products are also shipped daily on the nation's highways, railroads, waterways, and
pipelines.
Hazardous materials are monitored and recorded by the US Environmental Protection Agency (ESP)
through the Toxics Release Inventory (TRI), which is a publically accessible database that contains
information on toxic chemical releases and other hazardous materials activities. Data is reported
annually by certain industry groups and various federal agencies. This inventory was established
under the Emergency Planning and Community Right‐to‐Know Act of 1986 (EPCRA) and later
expanded by the Pollution Prevention Act of 1990.
Each year, facilities that meet specified thresholds must report their releases and other waste
management activities for listed toxic chemicals to the EPA and to their state or tribal entity. A
facility must report incidents that meet the following criteria:
1. The facility falls within one of the following industrial categories:
a. Manufacturing,
b. Metal mining,
c. Coal mining,
d. Electric generating facilities that combust coal and/or oil,
e. Chemical wholesale distributors,
f. Petroleum terminals and bulk storage facilities,
g. RCRA Subtitle C treatment, storage and disposal (TSD) facilities, and
h. Solvent recovery services;
2. Has 10 or more full‐time employees (or equivalent); and
3. Manufactures or processes more than 25,000 pounds or uses more than 10,000 pounds of
any listed chemical during the calendar year. Persistent, bioaccumulative and toxic (PBT)
chemicals are subject to different thresholds of 10 pounds, 100 pounds, or 0.1 grams,
depending on the chemical.
Tier 2 data is a publicly available database from the Texas Department of State Health Services Tier
2 Chemical Reporting Program. Under the community right‐to‐know regulations imposed at the
state and federal levels, all facilities that store significant quantities of hazardous chemicals must
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share this information with state and local emergency responders and planners. Facilities in Texas
share this information by filing annual hazardous chemical inventories with the state, Local
Emergency Planning Committees (LEPCs), and local fire departments. The Texas Tier 2 reports
contain facility identification information and detailed chemical data about the hazardous materials
stored at the facility.
A facility must report chemicals to the Tier 2 database if it meets the following criteria:
1. Any company using chemicals that could present a physical or health hazard, or
2. If an industry has an Occupational Safety and Health Administration (OSHA) deemed
chemical that exceeds the appropriate threshold at any point in time. These chemicals may
be on a list of 356 Extremely Hazardous Substances (EHS), or may be one of the 650,000
reportable hazardous substances that do not appear on the EHS list.
Hazardous materials pose a secondary event risk to communities when they are involved in
transportation accidents. Transport by ground, rail and sea is a common occurrence in the US.
Location of the Hazardous Materials Incident Hazard
Galveston is home to UTMB, which is both a major medical center and a research university. As
such, UTMB routinely handles significant quantities of hazardous materials. UTMB’s many clinics,
laboratories, and research facilities use a variety of hazardous materials. The handling and storage
of hazardous materials are addressed in the UTMB Safety Manual. The UTMB Safety Manual
instructs laboratories to develop an inventory of their chemicals.
UTMB manages its radiological waste in accordance with the Texas Radioactive Substances Rules.
UTMB developed a Radiation Safety Manual to address the handling and disposal of radioactive
material. All radioactive waste must be segregated and disposed of per guidelines in the Radiation
Safety Manual. Some radioactive wastes are released into the sanitary sewage system when allowed
under regulations in the UTMB policy Disposal of Hazardous Waste. Radioactive waste materials
that are soluble or dispersible in water can be released into the sanitary sewage system. Certain
materials listed in the Radiation Safety Manual are prohibited from sewage disposal because of
their chemical or biological nature.
Figure 6.3.10‐1 (following) shows the location of 51 fixed site hazardous material facilities in the
City. Note that all fixed site facilities are located on the east end of the island, excepting one
wastewater treatment facility.
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Map 6.3.10‐1
Hazardous Materials Facilities

Figure 6.3.10‐2 (following) shows the location of hazardous materials lines and pipelines in the City
of Galveston.
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Figure 6.3.10‐2
Location of Hazardous Materials Lines and Pipelines in Galveston

Extent/Severity of the Hazardous Materials Incident Hazard
The threat from the hazardous materials incident is to structures located along transmission lines
and transportation routes in the City. There are critical facilities located along these routes.
The severity of this hazard is a range. Minor incidents would likely cause no damage and little
disruption. Major incidents could have fatal and disastrous consequences. The severity of a
hazardous material release relates primarily to its impact on human safety and welfare and on the
threat to the environment.
Threat to Human Safety and Welfare
 Poisoning of water or food sources and/or supply
 Presence of toxic fumes or explosive conditions
 Damage to personal property
 Need for the evacuation of people
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Interference with public or commercial transportation

Threat to the environment
 Injury or loss of animals or plants or habitats that are of economic or ecological importance
such as; commercial, recreation, or subsistence fisheries (marine plants, crustaceans,
shellfish, aquaculture facilities) or livestock; seal haul outs; and marine bird rookeries
 Impact to ecological reserves, forests, parks, archaeological, and cultural sites
Galveston’s concentrated east end could increase the severity of any incident involving hazardous
materials. Hazardous materials could come into contact with more people and structures before
they were able to dissipate, which could increase the severity of the event in terms of exposure rates.
Depending on the hazardous materials involved, the location of the incident, and the weather
conditions at the time of the incident, Galveston could experience a routine incident or a devastating
incident involving hazardous materials.
Impact on Life and Property from the Hazardous Materials Incident Hazard
Hazardous materials incidents refer to uncontrollable releases of hazardous materials at a facility,
which poses a risk to the health, safety, property, and the environment. The most well‐known
example of a large‐scale fixed‐site hazardous materials incident is that which occurred at the Union
Carbide plant in Bhopal, India in 1984. This incident caused 2,500 deaths and injuries to many
others. More recently, in June 2010, 2 pipeline incidents in as many days killed 3 people and injured
3 others. Both incidents occurred in Texas.
Although incidences on the Bhopal scale are rare, smaller scale incidents–those requiring a
response and evacuation or other protective measures–are relatively common.
Depending on the severity of the incident, the potential impact to life and property is great in
Galveston. Incidents can cause multiple fatalities, completely shut down facilities (and the
surrounding area) for days or weeks, and cause extensive property and infrastructure damage.
Weather conditions can directly impact how a hazardous materials incident develops or can be the
initiator of the incident, as in the case of unprotected facilities inundated by storm surge. Non‐
compliance with fire and building codes can substantially increase damage from an incident, as the
containment features may not be up to standards.
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Occurrences of the Hazardous Materials Incident Hazard
The National Transportation Safety Board (NTSB) lists records of five NTSB‐investigated accidents
in or near the City of Galveston from 2011 to 2015. Of those, three were marine accidents and two
were aviation accidents.41 The documents related to each of these incidents makes note of hazardous
materials concerns, largely from fuel spills rather than cargo, in each of these incidents.
Table 6.3.10‐1 (below) lists occurrences of hazardous materials accidents in or near the City of
Galveston from 2000 – 2015, as recorded by the Pipeline and Hazardous Materials Safety
Administration.42
Table 6.3.10‐1
Hazardous Materials Incidents – 2000‐2015
Hazardous Materials Incidents in Galveston, 2000‐2015
Incident Date
Mode of Transportation
Carrier
April 11, 2000
Highway
DSI Transports, Inc.
April 11, 2000
Highway
DSI Transports, Inc.
February 4, 2001
Highway
DSI Transports, Inc.
Trimac Transportation South,
October 26, 2001
Highway
Inc.
December 17,
Highway
CTL Distribution, Inc.
2001
April 9, 2002
Rail
Dothan BNSF, Inc.
October 08, 2002
Rail
Dothan BNSF, Inc.
July 6, 2004
Highway
CTL Distribution, Inc.
April 12, 2005
Rail
Dothan BNSF, Inc.
June 04, 2005
Rail
Dothan BNSF, Inc.
November 22,
Rail
Ineos USA, LLC
2006
December 12,
Rail
BNSF Railway Company
2007
January 30, 2008
Rail
Oxea Corporation
November 2, 2009
Rail
Praxair, Inc.
January 31, 2010
Rail
BNSF Railway Company
August 10, 2010
Rail
BNSF Railway Company
January 7, 2012
Rail
Texas International Terminals
Union Pacific Railroad
March 16, 2012
Rail
Company, Inc.
December 8, 2014
Highway
CTL Distribution, Inc.

Damages
$0
$50
$0
$0
$2,700
$800
$905
$850
$1,605
$1,181
$2,501
$5,610
$800
$0
$965
$703
$156,000
$2,112
$7,500

Probability of Future Occurrences of the Hazardous Materials Incident Hazard
Occurrences of the hazardous materials incident hazard are often dependent on external factors.
An incident can be caused intentionally or accidentally, and may or may not involve human action.
Major disaster events can be a major cause, as inundation by flood water or damage from high
winds may result in a hazardous materials release. This is usually caused or exacerbated by damage
to infrastructure, such as water supply/distribution and waste water treatment facilities.
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It is almost impossible to predict the statistical probability of future occurrences of the hazardous
materials incident hazard, as there are simply too many variables, including human behavior.
However, the number of possible points of origin for such an incident must be considered, and the
data suggests that the City experiences at least one hazardous materials incident annually.
Therefore, the probability of future occurrence is high.

6.3.11

Lightning (updated)

Description of the Lightning Hazard
Lightning is an atmospheric discharge of electricity accompanied by thunder, which typically occurs
during thunderstorms, and sometimes during volcanic eruptions or dust storms. In the atmospheric
electrical discharge, a leader of a bolt of lightning can travel at speeds of 130,000 MPH, and can
reach temperatures approaching 54,000 °F, hot enough to fuse silica sand into glass. There are
some 16 million lightning storms in the world every year.
Lightning can also occur within the ash clouds from volcanic eruptions, or can be caused by violent
forest fires which generate sufficient dust to create a static charge.
Lightning rapidly heats the air in its immediate vicinity to about 36,000 °F ‐ about three times the
temperature of the surface of the sun. This compresses the surrounding air and creates a
supersonic shock wave, which decays to an acoustic wave that is heard as thunder.
How lightning initially forms is still a matter of debate: Scientists have studied root causes ranging
from atmospheric conditions (wind, humidity, friction, and atmospheric pressure) to the impact of
solar wind and accumulation of charged solar particles. Ice inside a cloud is thought to be a key
element in lightning development, and may cause a forcible separation of positive and negative
charges within the cloud, thus assisting in the formation of lightning.
Some lightning strikes exhibit particular characteristics; scientists and the general public have
given names to these various types of lightning. The lightning that is most‐commonly observed is
streak lightning. This is nothing more than the return stroke, the visible part of the lightning stroke.
Most lightning occurs inside a cloud and is not observed during a thunderstorm.
The following are descriptions of various terms used to describe lightning, both scientific and
common usage:



Cloud‐to‐Ground Lightning. This is the best known and second most common type of
lightning. Of all the different types of lightning, it poses the greatest threat to life and
property since it strikes the ground. Cloud‐to‐ground lightning is a lightning discharge
between a cumulonimbus cloud and the ground. It is initiated by a leader stroke moving
down from the cloud.
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Bead Lightning. Bead lightning is a type of cloud‐to‐ground lightning which appears to
break up into a string of short, bright sections, which last longer than the usual discharge
channel. It is relatively rare. Several theories have been proposed to explain it; one is that
the observer sees portions of the lightning channel end on, and that these portions appear
especially bright. Another is that, in bead lightning, the width of the lightning channel
varies; as the lightning channel cools and fades, the wider sections cool more slowly and
remain visible longer, appearing as a string of beads.
Ribbon Lightning. Ribbon lightning occurs in thunderstorms with high cross winds and
multiple return strokes. The wind will blow each successive return stroke slightly to one
side of the previous return stroke, causing a ribbon effect.
Staccato Lightning. Staccato lightning is a cloud to ground lightning strike which is a
short‐duration stroke that appears as a single very bright flash and often has considerable
branching.
Ground‐to‐Cloud Lightning. Ground‐to‐cloud lightning is a lightning discharge between
the ground and a cumulonimbus cloud initiated by an upward‐moving leader stroke. It is
much rarer than cloud‐to‐ground lightning. This type of lightning forms when negatively
charged ions called the stepped leader rises from the ground and meets the positively
charged ions in a cumulonimbus cloud. Then the strike goes back to the ground as the
return stroke.
Cloud‐to‐Cloud Lightning. Lightning discharges may occur between areas of cloud
without contacting the ground. When it occurs between two separate clouds it is known as
inter‐cloud lightning and when it occurs between areas of differing electric potential within
a single cloud, it is known as intra‐cloud lightning. Intra‐cloud lightning is the most
frequently occurring type.
Heat Lightning. Heat lightning is a common name for a lightning flash that appears to
produce no thunder because it occurs too far away for the thunder to be heard. The sound
waves dissipate before they reach the observer.
Dry Lightning. Dry lightning is a term used for lightning that occurs with no precipitation
at the surface. This type of lightning is the most common natural cause of wildfires.
Pyrocumulus clouds produce lightning for the same reason that it is produced by
cumulonimbus clouds. When the higher levels of the atmosphere are cooler, and the surface
is warmed to extreme temperatures due to a wildfire, volcano, etc., convection will occur,
and the convection produces lightning. Therefore, fire can beget dry lightning through the
development of more dry thunderstorms which cause more fires.

Location of the Lightning Hazard
Lightning is a non‐spatial hazard, and has the potential to affect the entire planning area
equally. The entire City, which is about 209 miles², is at risk from or exposed to the

lightning hazard.
Extent/Severity of the Lightning Hazard
The National Weather Service (NWS) uses a Lightning Activity Level scale to indicate the frequency
and character of cloud‐to‐ground (C/G) lightning, the most common form of lightning on Earth. The
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scale uses a range of 1 – 6, with 6 being the high end of the scale. Table 6.3.11‐1 (following) provides
this severity scale.43
Table 6.3.11‐1
Lightning Activity Level
Rank
1

2

3

4

5

6

Lightning Activity Level Scale
Cloud and Storm
Areal
Counts C/G per Counts C/G per
Development
Coverage
5 Minutes
15 Minutes
No Thunderstorms
None
None
None
Cumulus clouds are
common but only a few
reach the towering stage. A
single thunderstorm must
be confirmed in the rating
<15%
1‐5
1‐8
area. The clouds mostly
produce virga but light rain
will occasionally reach
ground. Lightning is very
infrequent.
Cumulus clouds are
common. Swelling and
towering cumulus cover less
than 2/10 of the
sky. Thunderstorms are
15% to
6‐10
9‐15
few, but 2 to 3 occur within
24%
the observation area. Light
to moderate rain will reach
the ground, and lightning is
infrequent.
Swelling cumulus and
towering cumulus cover 2‐
3/10 of the
sky. Thunderstorms are
25% to
scattered but more than
11‐15
16‐25
50%
three must occur within the
observation area. Moderate
rain is commonly produced,
and lightning is frequent.
Towering cumulus and
thunderstorms are
numerous. They cover
more than 3/10 and
>50%
>15
>25
occasionally obscure the
sky. Rain is moderate to
heavy, and lightning is
frequent and intense.
Dry lightning
outbreak. (LAL of 3 or
greater with majority of
>15%
None
None
storms producing little or
no rainfall.)
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Galveston frequently experiences moderate to severe lighting, because of its relative location in a
sub‐tropical climate. It is possible that all areas within the City of Galveston could experience the
entire extent of the lightning hazard, as defined in the above table, though the mid‐range of the scale
is a more frequent occurrence, based on historical records and anecdotal accounts.
Impact on Life and Property from the Lightning Hazard
Lightning is the leading cause of weather‐related personal injuries. Perhaps because lightning is a
common weather phenomenon, most people do not take the associated risks of exposure to
lightning as seriously as they should.
Lightning is a major cause of storm related deaths in the US, out pacing hurricanes and tornados in
most years. A lightning strike can result in a cardiac arrest (heart stopping) at the time of the injury,
although some victims may appear to have a delayed death a few days later if they are resuscitated
but have suffered irreversible brain damage. Those struck by lightning report a variety of after
effects, including:











Fatigue
Brain and nervous system damage
Headaches
Ringing in the ears
Dizziness
Nausea and vomiting
Sleep difficulties
Seizures
Chronic pain
Personality changes, likely due to frontal lobe damage

Lightning is response for at least three fatalities in Galveston (1997, 1999, & 2006).
In addition to the impact lightning can have on people, lightning can have significant impact on
property, including utility infrastructure, such as lift stations and electrical sub‐stations. The
introduction of a significate electrical charge can destroy an electrical system that supplies power
to buildings on the island, damaging or destroying anything connected to the electrical system of
the building.
Lightning is the leading natural cause of wildfires, and can lead to structure fires as well. The
historic structures and districts in the City are particularly vulnerable, as they are primarily wood‐
frame construction and are often closer together than modern residences. Lightning has been the
cause of several structure fires in the City in the past (1997, 2006, & 2010).
In addition to direct losses such as property damage to buildings, a lightning strike may result in
indirect losses that often accompany the destruction or damage of buildings and their contents. For
example, municipalities rely upon the integrity of their structures as they provide services to their
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communities. A stroke of lightning to an unprotected building that house the police or fire station
may result in an interruption of vital services to the community. The consequences of such an
interruption can range from the public's loss of confidence to a citizen's death when a department
is unable to respond to an emergency call.
Occurrences of the Lightning Hazard
As a barrier island in a sub‐tropical climate, Galveston is frequently subject to lightning. While no
major assets have been damaged by lightning, this is likely due to the lightning protection systems in
place to protect city‐owned assets. The NCDC has recorded five occurrences of lightning in the City
since 1996; these incidents resulted in three fatalities and $370,000 in property damage. Local
reports, however, place the number of occurrences of lightning significantly higher, particularly in
the summer months, when it is an almost‐daily occurrence. There have been no new occurrences of
the lightning hazard since the 2011 Plan update, according to the NCDC.
Probability of Future Occurrences of the Lightning Hazard
Based on the historical frequency of occurrence of lightning, and in consideration of the scale
provided at the beginning of this section, the probability of future occurrence of the lightning hazard
is high.

6.3.12

Sea Level Change (updated)

Description of the Sea Level Change Hazard
For purposes of this mitigation plan, sea level change is defined as changes in the height of the sea
in relation to the height of the land, and is considered a separate, yet inextricably related, hazard
from coastal erosion, retreat and subsidence.
Local mean sea level (MSL) is defined as the height of the sea with respect to a land benchmark,
averaged over a period (such as a month or a year) long enough that fluctuations caused by waves
and tides are smoothed out. One must adjust perceived changes in MSL to account for vertical
movements of the land, which can be of the same order (millimeters/year) as sea level changes.
Some land movements occur because of isostatic adjustment of the mantle to the melting of ice
sheets at the end of the last ice age. The weight of the ice sheet depresses the underlying land, and
when the ice melts away the land slowly rebounds. Atmospheric pressure, ocean currents and local
ocean temperature changes also can affect MSL.
Eustatic change (as opposed to local change) results in an alteration to the global sea levels, such as
changes in the volume of water in the world oceans or changes in the volume of an ocean basin.
Submergence refers to permanent flooding of the coast caused by a rise in global sea level and/or
subsidence of the land. At many coastal sites, submergence is the most important factor responsible
for land loss. How much land will be lost because of sea‐level rise depends partly on how fast the
water is rising. It has been estimated that each year global sea level rises about 1.8 mm (.07 inches)
because of a worldwide increase in water volume. However, this value is substantially less than the
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total rise in relative sea level recorded at many tide gauges, so scientists have concluded that the
remaining amount of relative sea‐level rise is caused by land subsidence. At any coastal site the
relative sea level includes the global sea‐level component (eustasy), tectonic uplift or down
warping, and at some locations subsidence that is the result of natural sediment compaction or
subsidence induced by the withdrawal of subsurface fluids such as groundwater, oil, and natural
gas. Land loss can also occur in those coastal areas that are experiencing uplift (relative fall in sea
level) such as along the Pacific coast and parts of Alaska (e.g. Juneau). This is because storm surges
and high waves continue to cause land loss.
Not only is sea level rising in a relative sense at many coastal sites, statistical analyses of long‐term
records show that the present rates of relative sea‐level rise are much greater than rates of
submergence were for the past few thousand years. This discrepancy between historical and
geological rates of submergence has been interpreted as evidence that atmospheric warming since
the industrial revolution has caused thermal expansion of the oceans and melting of mountain
glaciers and possibly the Antarctic ice sheet.
Location of the Sea Level Change Hazard
Changes in local sea level have the potential to occur anywhere in the world where the land meets
the ocean. As a barrier island, the entirety of Galveston could be subject to the sea level change
hazard.
The figure below (6.3.12‐1) provides estimates of sea level rise based on measurements from
satellite radar altimeters. The local trends were estimated using data from TOPEX/Poseidon (T/P),
Jason‐1, and Jason‐2, which have monitored the same ground track since 1992. Altimetry data are
provided by the NOAA Laboratory for Satellite Altimetry.44
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Figure 6.3.12‐1
Sea Level Change, in millimeters per year, 1993‐2016

As indicated by the color coding on the above map, the upper Texas Coast has experienced sea
level changes of approximately four millimeters since 1993. The approximate location of the
City of Galveston has been indicated in the figure above. The entire City, which is about 209

miles², is at risk from or exposed to sea level change.
Extent/Severity of the Sea Level Change Hazard
Per the USGS, global sea level and the Earth's climate are closely linked. The Earth's climate has
warmed about 1°C (1.8°F) during the last 100 years. As the climate has warmed following the end
of a recent cold period known as the "Little Ice Age" in the 19th century, sea level has been rising
about 1 to 2 millimeters (.03 to .06 inches) per year due to the reduction in volume of ice caps, ice
fields, and mountain glaciers in addition to the thermal expansion of ocean water. If present trends
continue, including an increase in global temperatures caused by increased greenhouse‐gas
emissions, many of the world's mountain glaciers will disappear. For example, at the current rate of
melting, all glaciers will be gone from Glacier National Park, Montana, by the middle of the next
century. In Iceland, about 11 percent of the island is covered by glaciers (mostly ice caps). If
warming continues, Iceland's glaciers will decrease by 40 percent by 2100 and virtually disappear
by 2200.
Most of the current global land ice mass is in the Antarctic and Greenland ice sheets. Complete
melting of these ice sheets could lead to a sea‐level rise of about 80 meters (262 feet), whereas
melting of all other glaciers could lead to a sea‐level rise of only one‐half meter (1.64 feet). Table
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6.3.12‐1 (below) illustrates the estimated potential maximum seal level rise from the total melting
of present‐day glaciers.45
Table 6.3.12‐1
Estimated Potential Maximum Sea Level Rise from Melting of All Present‐Day Glaciers
Estimated Potential Sea Level Rise from Melting of All Present‐Day Glaciers
Estimated Sea Level Rise
Location
Estimated Volume (km3)
(meters)
East Antarctic Ice Sheet
26,039,200
64.80
West Antarctic Ice Sheet
3,262,000
8.06
Antarctic Peninsula
227,100
.46
Greenland
2,620,000
6.55
All other ice caps, ice fields, and
180,000
.45
valley glaciers
Totals:
32,328,300
80.32

A July 2011 report of the Coastal Coordination Council, prepared for the Texas General Land Office,
studied sea level rise rates along the Texas Gulf Coast, including Galveston Island. The report states
the following:
The most recent relative sea‐level rise rates from selected Texas tide gauges ranges from
1.93 to 6.84 mm/yr. These rates were calculated by the National Oceanic and Atmospheric
Administration through 2006 from periods of record that begin between 1908 (Galveston
Pier 21) and 1963 (Port Mansfield). The highest rates (above 5 mm/yr) are calculated for
upper and central Texas coast tide gauges at Galveston (Pier 21 and Pleasure Pier), Sabine
Pass, and Rockport. The lowest rate (1.93 mm/yr) is calculated for Port Mansfield, which
also has the shortest record. The remaining gauges (Port Isabel, north Padre Island, and
Freeport) have rates between 3.48 to 4.35 mm/yr.
Galveston Pier 21 has the longest period of record. Long‐term rates of sea‐level rise
calculated from monthly averages of sea level between April 1908 and April 2011 are 6.31
mm/yr, similar to the NOAA‐calculated rate through 2006. Sea‐level rise at this gauge has
not been constant; calculations of average rate of change over a rolling 19‐year window
(centered on the mid‐date) show multiyear oscillations in average rate that range from 1.0 to
13.3 mm/yr. 46
For a 99‐year period beginning in 1908, the rate of sea level rise at Pier 21 (on the Galveston Bay
side of the island) was measures at 6.39 mm/yr, on average. For the Gulf‐facing side of the Island, a
50‐year period beginning in 1957 showed a rise rate of 6.84 mm/yr.
As sea level rise is typically a slow‐developing hazard, this calculation serves as the extent of the
hazard now.
Impact on Life and Property from the Sea Level Change Hazard
Reports, studies and data from the international scientific community seem to indicate that current
and future sea level changes could be expected to have several impacts, particularly on coastal
systems. Such impacts may include
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increased coastal erosion;
higher storm‐surge flooding;
more extensive coastal inundation;
changes in surface water quality and groundwater characteristics;
increased loss of property and coastal habitats;
increased flood risk and potential loss of life;
loss of cultural resources and values;
impacts on agriculture and aquaculture through decline in soil and water quality; and
loss of tourism, recreation, and transportation functions.

There is an implication that many of these impacts will be detrimental—especially for the three‐
quarters of the world's poor who depend on agriculture systems. However, owing to the great
diversity of coastal environments; regional and local differences in projected relative sea level and
climate changes; and differences in the resilience and adaptive capacity of ecosystems, sectors, and
countries, the impacts will be highly variable in time and space.
In Galveston, sea level rise has slow‐moving implications for the entire planning area. Galveston has
a wide array of infrastructure, including water and sewer lines and vital roadways, which run
parallel to the coast, and would be at risk of inundation if the water in the Gulf of Mexico continues
to rise at its current rate. In addition, there are at least 25 residential structures that are seaward of
the 200‐foot line, and are likely to be affected by sea level rise sooner than others.
Occurrences of the Sea Level Change Hazard
Regardless of its cause, coastal submergence contributes to land loss in several ways. The most
easily recognized effects of submergence are land losses caused by permanent flooding. The passive
inundation of the shore typically expands estuaries, lakes, and lagoons at the expense of adjacent
uplands and wetlands. The slope of the land surface and rate of sea level rise control the extent of
permanent flooding. Steep slopes and low rates of sea‐level rise produce negligible flooding,
whereas low slopes and rapid rates of sea‐level rise inundate such vast areas so rapidly that the
submergence can be detected in a few decades. Rapid coastal submergence has been documented at
Baytown, Texas near Houston and on the Mississippi Delta. Subsiding land areas experience greater
and more prolonged flooding by salt water associated with storms. This means that storm surges of
historical record would inundate larger areas if similar storms were to occur today. Eventually the
repeated inundation by saltwater expands the flood zones and alters the predominant wetland
plant assemblages. This occurs because salinities within the wetlands and estuaries increase, as
they are permanently flooded. In many coastal regions the inundation of salt water actually
accelerates wetland losses because both fresh‐water and salt‐water marshes are destroyed faster
than new wetlands are created. The intolerant fresh‐water marshes are killed by salt‐water,
whereas the salt‐water marshes are drowned and converted to open water.
Submergence also accelerates coastal erosion because it facilitates greater inland penetration of
storm waves. An example is retreat of the bluffs at Calvert, Maryland on the Chesapeake Bay.
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Because of submergence, some bluffs that were not previously reached by storm waves are
subjected to erosion. In addition to accelerated land loss, coastal submergence causes intrusion of
salt‐water into coastal aquifers and into the rivers that empty into the estuaries. Submergence also
changes surface drainage patterns, raises groundwater levels, and causes areas even above sea
level to pond water and to be poorly drained. Around Pamlico Sound, North Carolina, dead trees are
an indication of rising freshwater levels caused by the relative rise in sea level.
As a barrier island, Galveston is subject to the effects of seal level rise. Sea level rise is a large scale,
global hazard. The data that is available is on a large scale rather than on a local level. For example,
NOAA tracks changes in sea level by body of water, such as the Caribbean Sea or the Gulf of Mexico.
Therefore, all occurrence data that is available for this hazard as it relates to Galveston is at the
level of the Gulf of Mexico. The image below indicates the change in sea level rise in the Gulf of
Mexico from 1992 through 2016, which is the most recent data available from NOAA. This data
indicates an increase in sea level in the Gulf of Mexico – including the coasts of Galveston ‐ of 3.3
mm per year (+/‐ 4 mm per year).
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Figure 6.3.12.2
Mean Sea Level – Gulf of Mexico

Sea level rise is occurring, and will be an on‐going hazard to the City. Currently, the impact of sea
level rise to Galveston is minimal. It is anticipated, as the sea level continues to rise, that this will
change in the next decade or two, and that the impact to Galveston will increase as time goes on.
Probability of Future Occurrences of the Sea Level Change Hazard
Predicting the fate of our shorelines and coastal ecosystems is confounded by the diverse set of
environmental forces and gradients that differ for each physical and biological setting. Areas along
the Gulf Coast, for example, share the Gulf of Mexico but have different tidal regimes, energies and
amplitudes, as well as different ecosystems, tropical and temperate. The frequency, periodicity, and
intensity of tropical storm landfalls likewise varies across the Gulf basin. The degrees of coastal
development and protections that have been applied by state and county as dictated by population,
port facilities, or other priorities also differ.
Given that sea levels are in constant flux, and that Galveston is prone to both coastal erosion and
subsidence, the probability of future occurrence of the sea level change hazard is high. While this
hazard is slow developing, it is nevertheless constant in its happening.
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6.3.13

Severe Winter Storm

Description of the Severe Winter Storm Hazard
Winter storms are uncommon in the planning area, but they do occasionally happen. In some
cases, these winter storms can and have caused serious damage in areas where they occur.
Severe winter storms can encompass a variety of hazards that can produce life threatening
situations and damage to property, as detailed below.
Snow
The National Weather Service defines snow as “precipitation is the form of ice crystals,
mainly of intricately branched, hexagonal form and often agglomerated into snowflakes,
formed directly from the freezing [disposition] of the water vapor in the air.”
Heavy snow accumulations, generally more than 6” of snow in less than 24 hours or more
than 4” in less than 12 hours, can immobilize a community by bringing transportation to a
halt. Until the snow can be removed, transportation routes are slowed or closed completely,
limiting or halting the transportation of goods, services, and people. These closures also
disrupt emergency services. In addition, accumulations of snow on roofs can cause collapse,
and can cause trees and power lines to fall. A quick thaw after a significant snowfall can lead
to substantial flooding, particularly in urban areas where there is more impermeable
surface. Injuries and fatalities related to heavy snow are often associated with physical
exertion (from shoveling) and from hypothermia.
Ice
Ice is the sold form of water, produced by freezing temperatures. The National Weather
Service defines an ice storm as “occasions when damaging accumulations of ice are
expected during freezing rain situations. Significant accumulations of ice pull down tress
and utility lines, resulting in loss of power and communication. These accumulations of ice
make walking and driving extremely dangerous. Significant ice accumulations are usually
accumulations of ¼ inch or greater.”
The term “ice storm” is used to describe occasions when damaging accumulations of ice are
expected during freezing rain situations. Ice storms can be the most damaging of winter
phenomena, and are often the cause of automobile accidents, utility failures, personal
injury, and death. Moreover, they significantly impact the delivery of emergency services.
Location of the Severe Winter Storm Hazard
Severe winter storms are non‐spatial hazards. All locations in the planning area at risk from severe
winter storms.
Extent/Severity of the Severe Winter Storm Hazard
Severe winter storms have a wide range of extent and severity markers and characteristics.
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Snow
Various intensities of snowfall are defined differently:







Blizzard describes winds of 35 mph or more with considerable falling and/or
blowing snow that reduces visibility to less than one‐quarter mile for at least three
hours.
Blowing snow describes wind‐driven snow that reduces surface visibility. Blowing
snow may be falling snow and/or snow on the ground that is picked up by the wind.
Blowing snow if typically accompanied by drifting snow.
Snow squall describes a brief, intense snow shower accompanied by strong, gusty
winds. Accumulation from snow squalls can be significant.
Snow shower describes snow that falls at varying intensities for short durations.
Accumulations are possible, but not required.

Blizzard warnings are issued for winter storms that are predicted to meet the definition of a
blizzard. Blowing snow advisories are issued when such conditions are expected. Snow
advisories are issued when a low‐pressure system produces snow that may cause
significant inconveniences, but do not meet warning criteria, and – if caution is not
exercised – could lead to life threatening situations. The threshold criterion carries from
area to area. Such an advisory may be issued if the forecaster feels the situation warrants
one, even if the minimum criteria is not expected to be met. For example, a snow advisory
may be issued for the first snow of the season, or if snow has not fallen in some time.
Ice
Ice presents a hazard in a variety of forms:







Ice storm is an occasion when damaging accumulations of ice during freezing rain
situations. Significant amounts of ice typically damage trees and utility lines, and
accumulations can make walking and driving exceptionally hazardous. Significant
accumulations are typically one‐quarter inch or greater.
Sleet is rain that freezes into ice pellets before it reaches the ground. Sleet usually
bounces when hitting a surface and does not stick to objects; however, it can
accumulate like snow and cause roads and walkways to become hazardous.
Freezing drizzle is a drizzle that falls as a liquid but freezes into a glaze upon
contact with the cold ground or surface structures.
Freezing rain is rain that falls onto a surface that has a temperature below freezing.
The cold surface causes the rain to freeze so the surfaces—trees, utility wires,
vehicles, and roads—become glazed with ice.

An ice storm warning is issued by the National Weather Service when freezing rain
produces a significant and possibly damaging accumulation of ice. The criteria for this
warning varies from place to place, but will typically be issued any time more than one‐
quarter inch of ice is expected to accumulate in a given area.
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A sleet warning is issued when an accumulation of more than one‐half inch of sleet is
expected. This is a relatively rare scenario; most warnings are issued as winter storm
warnings for heavy sleet.
A freezing drizzle advisory or a freezing rain advisory is issued when freezing rain or
freezing drizzle is forecast but significant accumulation is not expected. However, even
small amounts of freezing rain or freezing drizzle can cause significant travel
disruptions.
Finally, the National Weather Service may issue a winter weather advisory when a low‐pressure
system produces a combination of winter weather (snow, freezing rain, etc.) that present a hazard
but does not meet established warning criteria. A winter storm watch is issued when there is a
potential for heavy snow or significant ice accumulations, usually at least 24‐36 hours in advance;
the criteria for what defines a winter storm varies from place to place. A winter storm warning is
issued when a winter storm is actively producing or is forecast to produce heavy snow or
significant ice accumulations; the criteria for what defines a winter storm varies from place to
place.
Severe winter weather is a rare occurrence in Galveston. Because of this, when it does occur, it does
not take a great deal of accumulation to have a significant impact on the City. NCDC has recorded
three incidents of severe winter weather since 1997. In the first – an ice storm – no details were
recorded regarding accumulation or duration, though the records do indicate that approximately
1,100 traffic accidents occurred, that there were three fatalities attributed to the incident, and that
the incident caused approximately $800,000 in damages. Later storms did have accumulations
recorded. On Christmas Eve 2004, approximately one inch of snow fell in Galveston, resulting in the
City’s only White Christmas. In 2011, an ice storm coated the City with between one tenth and two
tenths of an inch of ice. These events show the extent of the severe winter storm hazard hat the City
can expect to experience.
Impact on Life and Property from the Severe Winter Storm Hazard
According to the National Severe Storms Laboratory (NSSL), most deaths from winter storms are
not related to the storm itself. Rather, they are related to traffic accidents, heart attacks (from
shoveling snow), and hypothermia (from prolonged exposure to cold).
Heavy accumulations of ice can bring down trees and topple utility poles and communication
towers. Ice can disrupt communications and power for days while utility companies repair damage.
Even small accumulations of ice can be severely dangerous to motorists and pedestrians. Bridges
and overpasses are particularly dangerous because they freeze before other surfaces.
Severe winter weather can bring the City of Galveston to a standstill by inhibiting outdoor activities,
knocking down trees and utility lines, and by inhibiting transportation routes.

July 27, 2017 – Page 6‐74

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
In addition to the threat posed to humans, severe winter storms pose a significant threat to utility
production, which in turn threatens facilities and operations that rely on utilities, specifically climate
stabilization. As temperatures drop and stay low, increased demand for heating places a strain on
the electrical grid, which can lead to temporary outages.
Occurrences of the Severe Winter Storm Hazard
NCDC has recorded three winter storm events in Galveston since 1997. Two events were ice storms;
the other was heavy snow. The most notable of these events – the heavy snow event – occurred on
Christmas Eve in 2004. For the first time in recorded history, much of Southeast Texas experienced a
white Christmas. NCDC reported the following description:
An arctic cold front had pushed across Southeast Texas on Wednesday (December 22nd) dropping
temperatures below freezing, so plenty of cold air was in place Christmas Eve when the snow began.
What made this event unusual was not just the cold air being in place, but the depth of the cold air that
was in place over the area. Before the heavy snow began on the night of Christmas Eve, the entire
depth of the atmosphere over Southeast Texas was below freezing. Normally when winter weather
events occur in Southeast Texas, the depth of the cold air is much shallower, resulting in ice (freezing
rain or sleet) being a lot more common than snow.
The morning of Christmas Eve, a strong upper level low was evident on satellite across northern
Mexico. Ahead of this system, some snow began across Southeast Texas, but the dry atmosphere kept
the snowfall light during the day, resulting in only trace amounts or a light dusting through late
afternoon. Eventually, the atmosphere moistened up by late in the day as the upper level low
approached from the west.
The upper low moved across South Texas during the nighttime hours Christmas Eve, resulting in a
band of heavy snowfall just north of the track of the system. The band of heaviest snowfall, about 20
miles wide, was centered from Victoria to Edna to Bay City to Lake Jackson. In this area, approximately
9 to 12 inches of snow fell. All areas south of a line from around Garwood to Needville to Friendswood
to Texas City saw at least 3 inches of snow, with 4 inches falling on Galveston Island and 6 inches
reported in Angleton and Alvin. North of this area, the snowfall totals dropped off rapidly. Snowfall
totals of around an inch occurred in Clear Lake and Missouri City, with accumulations in Houston
generally ranging from a dusting to around an inch. The heavier snowfall occurred over the coastal
counties south of Houston because this area had more moisture in the atmosphere (being closer to the
Gulf), and was also closer to the track of the upper level low. As you headed north and got north of
Interstate 10, the atmosphere was too dry to support much more than just a few flurries.47

There have been no new occurrences of the severe winter storm hazard since the 2011 Plan.
Probability of Future Occurrences of the Severe Winter Storm Hazard
Based on the frequency of recorded events (every 6 years, on average), and using the scale
provided at the beginning of this section, the probability of a future occurrence is low.

July 27, 2017 – Page 6‐75

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking

6.3.14

Tsunami (updated)

Description of the Tsunami Hazard
A tsunami is a series of water waves (called a tsunami wave train) caused by the displacement of a
large volume of a body of water, such as an ocean or a large lake. Due to the immense volumes of
water and energy involved, tsunamis can devastate coastal regions. Casualties can be high because
the waves move faster than humans can run.
Earthquakes, volcanic eruptions and other underwater explosions (detonations of nuclear devices
at sea), landslides and other mass movements, bolide impacts, and other disturbances above or
below water all have the potential to generate a tsunami. From the area of the disturbance, tsunami
waves travel outwards in all directions. They can cause damage to coastal areas hundreds or
thousands of miles from their point of origin.
Some meteorological conditions, such as deep depressions that cause tropical cyclones, can
generate a storm surge, called a meteotsunami, which can raise tides several feet above normal
levels. The displacement comes from low atmospheric pressure within the centre of the depression.
As these storm surges reach shore, they may resemble (though are not) tsunamis, inundating vast
areas of land. Such a storm surge inundated Myanmar in May 2008.
In the open ocean, tsunami waves travel at speeds of up to 600 MPH. They are not visible to
humans, however, as they are hidden by the deep water that they travel in. The time lapse between
wave crests typically ranges from 5 to 90 minutes. As the tsunami wave approaches shallow coastal
waters, the wave slows down. The wave height becomes noticeable once it moves into shallower
waters. Waves can, without warning, rise to several feet – in some cases, tens of feet. Although the
waves do slow down when they encounter shallow waters, this reduction in speed is negligible,
considering that a 100‐foot wave has been traveling at up to 600 MPH across the open ocean. A
tsunami can throw a series of waves more than 100’ in height into the shore. The waves typically
occur in sets, and the first wave is almost never the largest. Successive waves may continue to
arrive for many hours after the initial arrival.
Location of the Tsunami Hazard
Coastal areas at greatest risk from tsunamis are those less than 50’ above mean sea level, and those
within 1 mile of the shore. As the City of Galveston is far below 50’ MSL, the entire City is within the
potential hazard area.
Extent/Severity of the Tsunami Hazard
The severity of a tsunami can be measured using the Papadopoulos/Imamura Tsunami Scale. This
12‐point scale of tsunami intensity was proposed in 2001 by Gerassimos Papadopoulos and
Fumihiko Imamura. The tsunami scale is arranged according to a tsunami's effects on humans (a),
effects on objects including boats (b), and damage to buildings (c). The scale is presented in Table
6.3.14‐1 (following).48
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Table 6.3.14‐1
Papdopoulos/Imamura Tsunami Intensity Scale
Papadopoulos/Imamura Tsunami Scale
Level

Damage

I

Not felt

Wave Height
(in meters)
‐‐

II

Scarcely felt

‐‐

III

Weak

‐‐

IV

Largely Observed

‐‐

V

Strong

1 meter

VI

Slightly damaging

2 meters

VII

Damaging

3 meters

VIII

Heavily damaging

4 meters

IX

Destructive

8 meters

Description
‐‐
a. Felt by few people onboard small vessels. Not observed on
the coast.
a. Felt by most people onboard small vessels. Observed by a
few people on the coast.
a. Felt by all onboard small vessels and by few people onboard
large vessels. Observed by most people on the coast.
b. Few small vessels move slightly onshore.
a. Felt by all onboard large vessels and observed by all on the
coast. Few people are frightened and run to higher ground.
b. Many small vessels move strongly onshore, few of them
crash into each other or overturn. Traces of sand layer are left
behind on ground with favorable circumstances. Limited
flooding of cultivated land.
c. Limited flooding of outdoor facilities (such as gardens) of
near‐shore structures.
a. Many people are frightened and run to higher ground.
b. Most small vessels move violently onshore, crash strongly
into each other, or overturn.
c. Damage and flooding in a few wooden structures. Most
masonry buildings withstand.
a. Many people are frightened and try to run to higher ground.
b. Many small vessels damaged. Few large vessels oscillate
violently. Objects of variable size and stability overturn and
drift. Sand layer and accumulations of pebbles are left behind.
Few aquaculture rafts washed away.
c. Many wooden structures damaged, few are demolished or
washed away. Damage of grade 1 and flooding in a few
masonry buildings.
a. All people escape to higher ground, a few are washed away.
b. Most of the small vessels are damaged, many are washed
away. Few large vessels are moved ashore or crash into each
other. Big objects are drifted away. Erosion and littering of the
beach. Extensive flooding. Slight damage in tsunami‐control
forests and stop drifts. Many aquaculture rafts washed away,
few partially damaged.
c. Most wooden structures are washed away or demolished.
Damage of grade 2 in a few masonry buildings. Most
reinforced‐concrete buildings sustain damage, in a few
damages of grade 1 and flooding is observed.
a. Many people are washed away.
b. Most small vessels are destroyed or washed away. Many
large vessels are moved violently ashore, few are destroyed.
Extensive erosion and littering of the beach. Local ground
subsidence. Partial destruction in tsunami‐control forests and
stop drifts. Most aquaculture rafts washed away, many
partially damaged.

July 27, 2017 – Page 6‐77

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Papadopoulos/Imamura Tsunami Scale
Level

Damage

Wave Height
(in meters)

X

Very destructive

12 meters

XI

Devastating

16 meters

XII

Completely
devastating

32 meters

Description
c. Damage of grade 3 in many masonry buildings, few
reinforced‐concrete buildings suffer from damage grade 2.
a. General panic. Most people are washed away.
b. Most large vessels are moved violently ashore; many are
destroyed or collide with buildings. Small boulders from the
sea bottom are moved inland. Cars overturned and drifted. Oil
spills, fires start. Extensive ground subsidence.
c. Damage of grade 4 in many masonry buildings, few
reinforced‐concrete buildings suffer from damage grade 3.
Artificial embankments collapse, port breakwaters damaged.
b. Lifelines interrupted. Extensive fires. Water backwash drifts
cars and other objects into the sea. Big boulders from sea
bottom are moved inland.
c. Damage of grade 5 in many masonry buildings. Few
reinforced‐concrete buildings suffer from damage grade 4,
many suffer from damage grade 3.
c. Practically all masonry buildings demolished. Most
reinforced‐concrete buildings suffer from at least damage
grade 3.

Any tsunami of size could be devastating to the City of Galveston. With low elevation and limited
means of evacuation, the impact to the City could be catastrophic, were the Seawall to fail to protect
the City. As a barrier island, the City of Galveston could experience the full range of the tsunami
hazard as identified by the scale above, though there is no historic precedent for any such
occurrence.
Impact on Life and Property from the Tsunami Hazard
Tsunamis can cause great property damage and loss of life where they come ashore, with most
fatalities resulting from drowning. Associated risks include water pollution, saltwater inundation,
damaged infrastructure, and extensive flooding.
Galveston has a wide array of infrastructure, including water and sewer lines and vital roadways,
which run parallel to the coast, and would be at risk of inundation if there were a tsunami.
Numerous public and private structures would also be vulnerable to the tsunami hazard.
Occurrences of the Tsunami Hazard
Major tsunamis occur about once per decade. Based on historical data, about 59% of the world's
tsunamis have occurred in the Pacific Ocean, 25% in the Mediterranean Sea, 12% in the Atlantic
Ocean, and 4% in the Indian Ocean. The Mediterranean and Caribbean Seas both have small
subduction zones, and have histories of locally destructive tsunamis. Only a few tsunamis have been
generated in the Atlantic and Indian Oceans. In the Atlantic Ocean, there are no subduction zones at
the edges of plate boundaries to spawn such waves except small subduction zones under the
Caribbean and Scotia arcs.
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The most destructive tsunami to impact the US struck Hilo, Hawaii in 1960. The magnitude‐9.5
Great Chilean Earthquake of May 22, 1960 is the strongest earthquake ever recorded. Its epicenter,
off the coast of South Central Chile, generated one of the most destructive tsunami of the 20th
Century. It also caused a volcanic eruption. It spread across the entire Pacific Ocean, with waves
measuring up to 75’ high. The first tsunami arrived at Hilo approximately 15 hours after it
originated off the coast of South Central Chile. The highest wave at Hilo Bay was measured at
around 35 ft. 61 lives were lost allegedly due to people's failure to heed warning sirens. Almost 22
hours after the quake, the waves hit the ill‐fated Sanriku coast of Japan, reaching up to 9’ above high
tide, and killed 142 people. Up to 6,000 people died in total worldwide due to the earthquake and
tsunami.
In the modern era, the best‐known occurrence of the tsunami hazard was the Indonesian Tsunami
that occurred December 26, 2004. The 2004 Indian Ocean earthquake was an undersea megathrust
earthquake that occurred on December 26, 2004, with an epicenter off the west coast of Sumatra,
Indonesia. The earthquake was caused by subduction and triggered a series of devastating tsunamis
along the coasts of most landmasses bordering the Indian Ocean, killing nearly 230,000 people in
14 countries, and inundating coastal communities with waves up to 100’ high. It was one of the
deadliest natural disasters in recorded history. Indonesia was the hardest hit, followed by Sri
Lanka, India, and Thailand. With a magnitude of between 9.1 and 9.3, it is the second largest
earthquake ever recorded on a seismograph. This earthquake had the longest duration of faulting
ever observed, between 8.3 and 10 minutes. It caused the entire planet to vibrate as much as
0.4 inches and triggered other earthquakes as far away as Alaska.
There has been one confirmed occurrence of a tsunami affecting Galveston. The origin point for this
event was a major earthquake that struck the island of Puerto Rico October 11, 1918. The
magnitude for the earthquake has been reported at around 7.5 (or Level IX in the Rossi‐Forel scale
used at that time); however, that might not be an exact number. The earthquake triggered a
tsunami with waves measured at approximately 20’ that lashed the west coast of Puerto Rico and is
remembered as one of the worst natural disasters that have struck the island. The losses resulting
from the disaster were approximately 116 casualties and $4 million in property. The tsunami
reached Galveston as a disturbance on tide gauges. No damage or wave height information was
recorded from this event.
There have been no new occurrences of the tsunami hazard since the 2011 Plan.
Probability of Future Occurrences of the Tsunami Hazard
In August 2008, a qualitative tsunami hazard assessment was prepared by NOAA and the US
Geological Service (USGS). This assessment indicated that the US Gulf Coast has a very low risk of
tsunamis. This assessment was based on National Geophysical Data Center (NGDC) and USGS data.
The report specifically stated that the vulnerability was low based on the following factors:



Very low wave run‐up
Very low hazard frequency
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Very low earthquake occurrence
No reported fatalities.

Based on the information in this assessment, and in consideration of the almost non‐existent
historical occurrences, given the scale provided at the beginning of this section the probability of a
future occurrence of the tsunami hazard is low.

6.3.15

Wildfire/Urban Fire (updated)

Description of the Wildfire/Urban Fire Hazard
Fire is the rapid oxidation of a material in the chemical process of combustion, releasing heat, light,
and various reaction products. Slower oxidative processes like rusting or digestion are not included
by this definition. The flame is the visible portion of the fire and consists of glowing hot gases. If hot
enough, the gases may become ionized to produce plasma. Depending on the substances alight, and
any impurities outside, the color of the flame and the fire's intensity might vary.
Fire in its most common form can result in conflagration, which has the potential to cause physical
damage through burning. Fire is an important process that affects ecological systems across the
globe. The positive effects of fire include stimulating growth and maintaining various ecological
systems. Fire has been used by humans for cooking, generating heat, signaling, and propulsion
purposes. The negative effects of fire include decreased water purity, increased soil erosion, an
increase in atmospheric pollutants and an increased hazard to human life.
Wildfires, also known as a wild land fire, are any fire that occurs on grassland, forest or prairie,
regardless of ignition source, damages or benefits. Wildfires are usually a naturally‐occurring
phenomenon, though they can be caused by human action – namely arson. A wildfire differs from
other fires by its extensive size, the speed at which it can spread out from its original source, its
potential to change direction unexpectedly, and its ability to jump gaps such as roads, rivers and fire
breaks. Wildfires are characterized in terms of the cause of ignition, their physical properties such as
speed of propagation, the combustible material present, and the effect of weather on the fire.
Urban fires are considered a man‐made hazard, in that their origins can arise from human activity
and be fueled by dense development. (For the purposes of this hazard profile, urban fires are
assumed to be accidental and their consequences unintended.)
Location of the Wildfire/Urban Fire Hazard
Wildfires occur in less populated areas. Urban fires occur in urban areas. The City of Galveston is
home to both areas. Figure 6.3.15‐1 (following) illustrates the areas within the City with the highest
potential for wildfire.
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Figure 6.3.15‐1
Wildland Fire Potential

While the entire planning area is potentially at risk, the historic areas of the City are of concern.
Historic structures are largely built of wood, and are typically more vulnerable to fire than those of
newer construction materials and methods.
Extent/Severity of the Wildfire/Urban Fire Hazard
The USDA’s Fire, Fuel, and Smoke Science Program publishes a GIS‐based product known as the
Wildfire Hazard Potential (WHP)1. The WHP is a raster geospatial product produced by the US
Forest Service that can assist with evaluations of wildfire risk or prioritization of fuel management
needs across large landscapes. The objective of the product is to depict the relative potential for
wildfire that would be difficult to suppress or contain. The 2014 (current) version of the product is
built on several sources, including spatial fuels and vegetation data from LANDFIRE 2010 and point
locations of actual fire occurrences. An index of WHP classes of very low, low, moderate, high, and
very high is included in the product. Areas mapped with higher WHP values represent fuels with
higher probability of experiencing torching, crowning, and other forms of extreme fire behavior
under conducive weather conditions, based primarily on 2001 landscape conditions. On its own, the
Versions of this product prior to 2014 were known as the Wildland Fire Potential map. For consistency, this
update uses the previous term.

1
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WHP map is not an explicit map of wildfire threat or risk, but when paired with spatial data
depicting recourse and assets such as communities, structures, or utilities, it can approximate
relative wildfire risk to those resources and assets.49
As seen in Figures 6.3.15‐1(previous), most the City of Galveston falls within either the non‐burnable
or very loss wildfire potential rating, based on the US Forest Service’s Wildfire Hazard Potential
scale. Figure 6.3.15‐2 (below) provides a closer look at this potential.
Figure 6.3.15‐2
Wildland Fire Potential

Based on this figure, the majority of the area of the City of Galveston – approximately 95% ‐ falls
within either a very low potential rating or a non‐burnable area. Approximately 5% of the City falls
within a low potential rating. The City occupies an area of approximately 209 miles², which means
that approximately 10.45 miles² have a low potential for wildfire, and 198.55 miles² have either very
low potential or is in a non‐burnable area. As no wildfire events have been recorded by either the
City or NCDC, it is assumed that approximately 10 miles² is the extent of possible wildfires within
the City of Galveston.
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Impact on Life and Property from the Wildfire/Urban Fire Hazard
The interface problem has escalated over the previous few decades, primarily due to increases in
population, urban expansion, land‐management decisions, and the desire of humans to intermingle
with nature. The relationship between humans, their property and wild land areas has significantly
increased human exposure to wild fires, and has increased the potential for wildfires to spread to
urban areas.
More and more people are choosing to live in woodland settings or near forests or rural areas. Many
of these homes are nestled in classic fire‐interface hazard zones, such as ridgelines or cliff edges.
This placement increases the property’s exposure to wild land fire interface incidents. Years of fire
suppression practices have significantly disturbed natural fire occurrences. Nature uses wildfire as a
renewal process, and suppression practices can interrupt this cycle. The result has been a gradual
but steady accumulation of understory and canopy fuels. These fuels can feed high‐energy, intense
wildfires and further increase the hazards from and exposure to wild land interface problems.
Most areas on Galveston Island have a very low WFP class or is considered non‐burnable. The State
Park, located on the west end of the island, occasionally has wildfires. Depending on the size of the
wildfire, FM 3005, the main east‐west roadway across the island, could be impassable due to smoke.
It also may become necessary to evacuate people, specifically those with respiratory issues, due to
smoke inhalation.
Occurrences of the Wildfire/Urban Fire Hazard
The City of Galveston was the site of one of the worst urban fires in Texas history. In November
1885, a fire began at a foundry at 17th Street and Strand Avenue, in Galveston’s Central Business
District. A stiff wind was blowing from the northeast, which carried sparks from the fire several
blocks. Within minutes, the fire had spread several blocks, to 19th Street and Avenue O.
Galveston's first professional fire department was barely a month old when the fire broke out, and
was no match for the conflagration. The pressure on its newly installed saltwater system proved
insufficient, and bits of shell clogged the nozzles of the fire hose. By the time it burned itself out, the
fire had consumed forty‐two blocks, and destroyed 568 buildings and homes. More than $1 MM in
damage (in 1885 dollars) was sustained. Despite this incredible level of damage, no fatalities
occurred because of the blaze.
As a result of the Great Galveston Fire of 1885, as the event came to be known, building standards
within the City were changed to require the use of fire resistant materials within the Central
Business District.
The modern City of Galveston Fire Department responds to thousands of calls each year, both urban
and wildfire, and everything in between. Table 6.3.15‐1 (below) provides estimates of the number of
calls by type from 2011‐2015, which accounts for all fires that have occurred in the City since the
previous plan was approved. As is evident in this table, the City experiences more than 360 urban
fires each year, on average, based on their recorded statistics for structure fires, vehicle fires,
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electrical/equipment fires, and dumpster/rubbish fires. The City experiences an average of 50
wildfires each year, based on their recorded statistics for brush fires, grass fires, and natural
vegetation fires.
Table 6.3.15‐1
Galveston Fire Department Calls
Galveston Fire Department Calls 2011‐2015
Year
Structure Vehicle
Electrical
Dumpster Brush Fire
Fire
Fire
or
or Rubbish
Equipment Fire
2011
154
23
249
70
16
2012
121
34
125
71
14
2013
97
29
111
65
11
2014
100
36
133
76
14
2015
99
42
139
56
10
Totals:

571

164

757

338

65

Grass Fire

61
29
27
20
17

Natural
Vegetation
Fire
10
13
3
4
1

154

31

Probability of Future Occurrences of the Wildfire/Urban Fire Hazard
The probability of wildfire frequently changes, based on fuel loads and weather conditions. Using
the scale provided at the beginning of this section, however, results in a probability of high, as at
least one fire has occurred each year in Galveston that meets the definition of ‘wildfire.’
The probability of urban fire is harder to predict, as it often involves human behavior.
Consideration of the probability of urban fire, however, must take into consideration the number of
abandoned / vacant structures on the island, and the number of historic, wood‐frame structures
found throughout the Island’s East End. Based on current conditions and historic occurrence, the
probability of a future occurrence of urban fire is high.

6.3.16 Tropical Systems and Hurricanes (updated and separated)
Description of the Tropical Systems and Hurricanes Hazard
Per the National Hurricane Center, a hurricane is an intense tropical weather system of strong
thunderstorms with well‐defined surface circulation and sustained winds of 74 MPH or higher.
Hurricanes begin as a tropical disturbance in the open ocean. The following table (6.3.16‐1)
illustrates the terms used to define the various tropical weather systems.50
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Table 6.3.16‐1
Tropical Weather System Definitions
Tropical Weather System Definitions
Term
Definition
A discrete tropical weather system of apparently organized convection ‐‐
generally 100 to 300 NMI in diameter ‐‐ originating in the tropics or subtropics,
Tropical Disturbance
having a non‐frontal migratory character, and maintaining its identity for 24
hours or more. It may or may not be associated with a detectable perturbation of
the wind field.
A warm‐core non‐frontal synoptic‐scale cyclone, originating over tropical or
subtropical waters, with organized deep convection and a closed surface wind
circulation about a well‐defined center. Once formed, a tropical cyclone is
Tropical Cyclone
maintained by the extraction of heat energy from the ocean at high temperature
and heat export at the low temperatures of the upper troposphere. In this they
differ from extra‐tropical cyclones, which derive their energy from horizontal
temperature contrasts in the atmosphere.
A tropical cyclone in which the maximum sustained surface wind speed (using
Tropical Depression
the U.S. 1‐minute average) is 33 KT (38 MPH or 62 KM/HR) or less.
A tropical cyclone in which the maximum sustained surface wind speed (using
Tropical Storm
the U.S. 1‐minute average) ranges from 34 KT (39 MPH or 63 KM/HR) to 63 KT
(73 MPH or 118 KM/HR).
A tropical cyclone in which the maximum sustained surface wind (using the U.S.
1‐minute average) is 64 KT (74 MPH or 119 KM/HR) or more. The term
Hurricane
hurricane is used for Northern Hemisphere tropical cyclones east of the
International Dateline to the Greenwich Meridian. The term typhoon is used for
Pacific tropical cyclones north of the Equator west of the International Dateline.

The ingredients for a hurricane include a pre‐existing weather disturbance, warm tropical waters,
moisture and relatively light winds aloft. Persistent, favorable conditions can produce violent
winds, destructive waves, torrential rains and powerful floods. Annually, an average of ten tropical
systems develop over the Atlantic Ocean, Caribbean Sea, and Gulf of Mexico. Many of these storms
remain over open water and never move towards land. In an average year, six of these storms
become hurricanes. In an average three‐year period, five hurricanes strike the US coastline,
anywhere from Texas to Maine. Of these, two are typically major or intense hurricanes, with
classifications of Category 3 or higher.
A hazard associated with hurricanes is extreme wind. As wind speeds increase, pressure against
objects is added at a disproportionate rate. Pressure against a wall rises with the square of the wind
speed, which means that a threefold increase in wind speed gives a nine‐fold increase in pressure.
Thus, a 25 MPH wind causes approximately 1.6 pounds of pressure per foot². A 4”x8” sheet of
plywood will be pushed by a weight of 50 pounds. In 75 MPH winds, that force becomes 450
pounds, and in 125 MPH winds, it becomes 1,250 pounds. For some structures, this force is enough
to cause failure. These winds will weaken after landfall due to loss of warm‐water energy source,
and the encountering of great friction over land.

July 27, 2017 – Page 6‐85

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Location of the Tropical Systems and Hurricanes Hazard
Extreme winds can and do impact the entirety of the city of Galveston. As the City is a barrier island
that is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to
and at risk from tropical systems and hurricanes.
Extent/Severity of the Tropical Systems and Hurricanes Hazard
Hurricanes are categorized according to the strength of their winds using the Saffir‐Simpson Wind
Scale. This scale ranks only wind speed, and increases in scale. It is important to note that lower
category storms can inflict greater damage than higher category storms, depending on where they
strike, other weather they interact with, and how slow their forward speed. A prime example is
Hurricane Ike. This storm had winds classified as Category 2, yet was one of the costliest and most
destructive hurricanes in US history, due largely to its (then) Category 4 storm surge. This disparity
in Hurricane Ike’s Saffir‐Simpson Scale categorization resulted in the removal of storm surge
predictions from Saffir‐Simpson Wind Scale classifications.
Table 6.3.16‐2 (following) illustrates the wind speed classification and expected wind effects on
land from various coastal storm categories, as provided by the National Hurricane Center. These
descriptions of land effects are general and are for explanatory purposes only. The actual damage to
land from a given storm will be reliant on a variety of factors, including construction, placement,
age, and condition of the structure.51
Table 6.3.16‐2
Saffir‐Simpson Wind Scale
Saffir‐Simpson Wind Scale
Category

Expected
Wind Speed
(mph)

Example Storm(s)

Category 1
Hurricane

74 – 95

Hurricane Dolly
(2008) ‐ South
Padre Island, Texas

Category 2
Hurricane

96 – 110

Hurricane Frances
(2004) ‐ Port St.
Lucie, Florida

Category 3
Hurricane

111 – 130

Hurricane Ivan
(2004) ‐ Gulf Shores,
Alabama

Effects on Land
Very dangerous winds will produce some damage:
Well‐constructed frame homes could have damage
to roof, shingles, vinyl siding and gutters. Large
branches of trees will snap and shallowly rooted
trees may be toppled. Extensive damage to power
lines and poles likely will result in power outages
that could last a few to several days.
Extremely dangerous winds will cause extensive
damage: Well‐constructed frame homes could
sustain major roof and siding damage. Many
shallowly rooted trees will be snapped or uprooted
and block numerous roads. Near‐total power loss is
expected with outages that could last from several
days to weeks.
Devastating damage will occur: Well‐built framed
homes may incur major damage or removal of roof
decking and gable ends. Many trees will be snapped
or uprooted, blocking numerous roads. Electricity
and water will be unavailable for several days to
weeks after the storm passes.
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Saffir‐Simpson Wind Scale
Category

Expected
Wind Speed
(mph)

Example Storm(s)

Category 4
Hurricane

131 – 155

Hurricane Charley
(2004) ‐ Punta
Gorda, Florida

Category 5
Hurricane

>156

Hurricane Andrew
(1992) –
Homestead, Florida

Effects on Land
Catastrophic damage will occur: Well‐built framed
homes can sustain severe damage with loss of most
of the roof structure and/or some exterior walls.
Most trees will be snapped or uprooted and power
poles downed. Fallen trees and power poles will
isolate residential areas. Power outages will last
weeks to possibly months. Most of the area will be
uninhabitable for weeks or months.
Catastrophic damage will occur: A high percentage
of framed homes will be destroyed, with total roof
failure and wall collapse. Fallen trees and power
poles will isolate residential areas. Power outages
will last for weeks to possibly months. Most of the
area will be uninhabitable for weeks or months.

The Saffir‐Simpson Wind Scale does not address the potential for other hurricane‐related impacts,
such as storm surge, rainfall‐induced floods, and tornadoes. In general, these wind‐caused damage
general descriptions are to some degree dependent upon the local building codes in effect and how
well and how long they have been enforced. For example, building codes enacted during the 2000s
along the Gulf and Atlantic Coasts are likely to reduce the damage to newer structures from that
described in Table 6.3.6‐3 (previous). However, for a long time to come, a significant portion of the
building stock in existence on the coast will not have been built to higher code; Galveston is no
exception to this. This is especially true for historic structures. Hurricane wind damage is also very
dependent upon other factors, such as duration of high winds, change of wind direction, and age of
structures.
On at least two occasions, Galveston has experienced a Category 4 hurricane with winds of at least
135 MPH. In both 1900 and 1915, powerful hurricanes struck Galveston, resulting in devastating
damages to the City. (For details of these storms, please refer to Table 6.3.16‐3, later in this section.)
These incidents represent the extent of the hurricane and tropical system hazard experienced by
Galveston. Future occurrences could change this extent, if a Category 5 storm were documented as it
struck the City.
Impact on Life and Property from the Tropical Systems and Hurricanes Hazard
Extreme winds have the potential to devastate the City of Galveston. The City’s location as a barrier
island makes it particularly susceptible to extreme winds. All areas of the City are at risk from the
extreme wind hazard. Though the City has adopted, continually evaluates, and enforces stringent
building codes, designed to protect the built environment, these building codes only apply to newer
construction in most circumstances. Older building stock remains at risk from extreme wind events
in most cases.
Hurricane Carla, which made landfall on the Texas Coast in 1961, perfectly represents the impact of
extreme winds on life and property. Carla attained Category 5 conditions, but weakened to a
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Category 4 hurricane shortly before landfall, between Port O’Connor and Port Lavaca, Texas. Carla
was responsible for 43 deaths and more than $2 billion in damages (in 1961 dollars).
Because of its size, the entire Texas coast was affected, and damage was reported as far inland as
Dallas. Sustained winds were reported to be 115 mph in Matagorda, 110 mph in Victoria and
88 mph in Galveston. Wind gusts as high as 170 mph were recorded at Port Lavaca. Much of the
damage was done well away from the landfall site, as Carla spawned one of the largest hurricane‐
related tornado outbreaks on record at the time, when 26 tornadoes touched down within its
circulation. One F4 tornado ripped through downtown Galveston, killing several (sources differ on
the exact number, varying from 6 to 12). Outside the protection of the Galveston Seawall, structures
on the island were severely damaged by storm surge.
In 1983, Hurricane Alicia struck the Island, making landfall as a Category 3 hurricane. 23 tornadoes
were reported in association with Alicia; 14 of those were in the Galveston and Houston‐Hobby
Airport area. The City of Houston suffered billions of dollars in damage. Thousands of glass panes in
downtown skyscrapers were shattered by gravel blown off rooftops. Although Alicia was a small
Category 3 hurricane, a total of 2,297 structures were destroyed by Alicia, with another 3,000
experiencing major damage. More than 10,000 structures had minor damage. Houston Lighting and
Power reported about 750,000 residential structures without electricity after Alicia’s landfall. Many
stores had to stay closed for days afterward due to risks of falling glass in the area.
In Galveston, the western beach had its public beach boundary shifted landward approximately
150 feet by Alicia. Approximately 5 feet of sand was scoured, leaving beachfront homes in a natural
vegetation state. This moved many beachfront homes onto public beach, and the Texas Attorney
General's office declared that they were in violation of the Texas Open Beaches Act and forbade the
repair or rebuilding of those homes. The US Army Corps of Engineers stated that if the Galveston
Seawall had not been in existence, another $100 million in damage could have occurred.
Occurrences of the Tropical Systems and Hurricanes Hazard
Table 6.3.16‐3 (following) details selected occurrences of extreme wind events in the City of
Galveston. The storm type and estimated damages, fatalities and injuries are noted (where data
available). Note that this table is intended to be representative of the hazard occurrences, and does
not include all known occurrences.5253
Table 6.3.16‐3
Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Date
1854
1891

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
105 MPH winds associated with Category 2
Hurricane
4
Unknown
$466,950
hurricane. Many ships capsized and 2 steamers
sank
Hurricane
Unknown
Unknown
Unknown
90 MPH winds recorded.
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Date

September
8, 1900

August 17,
1915

1932

July 27,
1943

July 25,
1959
September
11, 1961

1983

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Estimated winds of 135 MPH (217 HM/H) at
landfall, making it a Category 4 storm on the
Saffir‐Simpson Hurricane Scale. The highest
measured wind speed was 100 miles per hour
(160 km/h) just after 6 p.m., but the Weather
Bureau’s anemometer was blown off the
building shortly after that measurement was
recorded. Maximum winds were estimated at
$99.4B (in
The Great
120 MPH (190 KM/H) at the time, though later
+/‐ 8,000
Unknown
2005 dollars)
Hurricane
estimates placed the hurricane at the higher
Category 4 classification. While the sheer
amount of death and destruction is due largely
to the storm surge that overtopped the island
(an estimated 15 feet, compared to the average
natural elevation of 8.7 feet at the time), the
winds associated with the storm made such a
storm surge possible.
135 MPH winds led to 5‐6 feet of flooding in
8‐11 (low
downtown Galveston. Tides were 9‐14 feet
number
above normal, and surge was estimated at
attributed
Unknown
$61M+
more than 15 feet. 300 feet of beach washed
Hurricane
to newly‐
away, along with the earthen approaches to the
built
Causeway. City’s water main was severed, and
Seawall)
every ship in the harbor was damaged.
All electrical and phone service was cut to the
Hurricane
Unknown
Unknown
Unknown
island. 1 foot of rain fell. Extensive wind
damage. Category 4 at landfall
Recorded as a Category 1 storm with 70‐90
MPH Winds. Storm produced tornadoes that
damaged downtown and The Strand. Much of
the forecast and damage information was
Hurricane
19
33
$214M+
suppressed by the War Department – US
Weather Bureau destroyed the official readings
and recordings and could not issue advisories
with forecast information
Hurricane
Unknown
Unknown
Unknown
100 MPH winds recorded
Debra
88 MPH Winds. 4 tornado touchdowns; 1
Hurricane
6
Unknown
$127M+
tornado was an F‐4. 120 buildings destroyed by
Carla
tornadoes.
Eye crossed the western end of the San Luis
Pass, putting the majority of the island on the
eastern side of the storm. 96‐102 MPH
sustained winds produced 12 foot tides. 7 ¾
Hurricane
inches of rain in Galveston. 14 tornadoes
0
Unknown
$639M+
Alicia
reported between Galveston Island and Hobby
Airport. 50‐200 feet of beach washed away,
leaving many private residences on now‐public
beaches
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Date

September
7‐12, 1998

July 14,
2003

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Winds ranged from 25 to 35 KT (29 ‐ 40 MPH)
for over 24 hours starting around midnight on
the September 10 and continuing until the
early morning of September 11. The strongest
wind recorded was 47 KT (54 MPH) at
Galveston Scholes Field around 6pm on Sept.
$287.2M
10. Major impact and resultant damage
(over entire
Tropical
occurred in Galveston, Harris, Brazoria and
affected area,
Storm
3
0
Matagorda counties of Texas. All four of these
mostly due
Frances
counties received a Presidential Disaster
to flooding)
Declaration to help in the relief and recovery
efforts. In these four counties total damage
exceeded $286 million dollars. Most of this
damage was along the coast and around
Galveston Bay where high tides and winds
destroyed dunes and personal property.
Historical records dating back to 1851 indicate
Claudette is the first July hurricane to make
landfall in this area. Large geo‐tubes on
Galveston Island and the Bolivar Peninsula did
$10.9M (over significantly reduce erosion. Coastal roads
along the west end of Galveston Bay were
entire
Hurricane
affected area, under water due to tidal flooding. The highest
0
2
Claudette
reported wind gust was at the South Texas
mostly due
Nuclear Power Plant in Matagorda County
to flooding)
where an 86 MPH wind gust was recorded at
1000 CDT on July 15th. The highest recorded
sustained wind (58 MPH) was recorded at East
Matagorda Bay in Matagorda County.
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Date

September
23, 2005

September
12, 2007

September
13, 2008

Occurrences of the Tropical Systems and Hurricanes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
Rita was a Category 3 hurricane at landfall.
Widespread damage consisting of downed
trees and power lines occurred generally along
and east of a line from Crystal Beach to Liberty
to Livingston to Lufkin in Texas. Dunes
protecting many beach houses along the west
end of Galveston Island were washed away.
Large geo‐tubes along portions of the West End
of Galveston Island did reduce erosion in areas
where they were installed. Most flooding was
due to high tides along Galveston Island and
the Bolivar Peninsula. Most of this flooding
occurred near the time of landfall as water in
$159.9 M
Galveston Bay was pushed south out of the Bay
(over entire
onto the north facing shores of the island and
affected
the peninsula. Tides remained high on Saturday
area)
(after Rita made landfall) as strong westerly
winds pushed water into East Bay. In Galveston
$60,000
Hurricane
3 direct;
County, tropical storm force sustained winds
3
specific to
Rita
49 indirect
with gusts to hurricane force were reported
City of
across the county, especially on the Bolivar
Galveston;
Peninsula. Numerous power poles and road
unknown
signs were blown down on Bolivar. Many of the
private
beach homes received roof damage. Numerous
losses
trees were down with small structure damage
on High Island. Power was out to most of the
county on Saturday. In Galveston's historic
district, a large brick‐covered side of a three‐
story building collapsed and three other
buildings caught fire and were destroyed
during the height of the storm. There were
three directly related injuries. Small structure,
dock, and pier damage along with downed
power lines occurred across Galveston Island.
Total damage across the county was around
$15 million. No tornadoes were reported with
Rita.
Most the damage from Humberto was due to
$2.5M (0ver
Hurricane
high winds and fresh water flooding that
0
0
the affected
Humberto
caused minor structural damage along with
area)
knocking down trees and power lines.
When Hurricane Ike made landfall at Galveston
Island, its winds were sustained at 95 KTS or
109 MPH. At the time of landfall, aircraft
dropsondes and land‐based Doppler radar
$37.5 B
measured wind speeds approximately 91 M
(Over
Hurricane
103 direct;
Unknown
(300 feet) above the surface at 115 KTS or 130
affected US
Ike
92 indirect
MPH. These strong winds caused major
areas)
damage to the high‐rise buildings in the
downtown Houston area as well as some of the
oil refineries in Texas City.

As noted above, there have been no new occurrences of the tropical systems and hurricane hazard
since the 2011 plan update.
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Probability of Future Occurrences of the Tropical Systems and Hurricanes Hazard
Based on the history of extreme wind events, local knowledge, and the City’s location as a barrier
island, using the scale provided at the beginning of this section, the probability of a future
occurrence of extreme winds tropical systems and hurricanes is high.

6.3.17 Tornadoes (updated and separated)
Description of the Tornadoes Hazard
Tornadoes are also extreme wind events. The most destructive of all atmospheric phenomena,
tornadoes are violently rotating columns of air. These columns extend between and in contact with
a cloud and the Earth’s surface. The most violent tornadoes have rotational wind speeds of 250
MPH; in extreme cases, rotational wind speeds may approach 300 MPH. Tornadoes are often
produced by severe thunderstorms and hurricanes as they move ashore.
Location of the Tornadoes Hazard
Tornadoes can and do impact the entirety of the city of Galveston. As the City is a barrier island that
is approximately two miles wide and 30 miles long, all areas of the City are equally exposed to and
at risk from tornadoes.
Extent/Severity of the Tornadoes Hazard
Tornado wind forces are measured and described according to the Fujita Scale. The Fujita Scale is
largely a residential structure damage scale, which tends to much more standardized construction
than commercial structures. The Fujita Scale is intended to describe the expected damage to well‐
built residential structures. This makes its use often misleading, as poorly built structures can
suffer significant structural damage under lesser winds than the Scale would suggest. The Storm
Prediction Center, a NOAA office, states the following regarding the use of the Fujita Scale:
Do not use F‐scale winds literally. These precise wind speed numbers are actually guesses and have
never been scientifically verified. Different wind speeds may cause similar‐looking damage from
place to place ‐‐ even from building to building. Without a thorough engineering analysis of tornado
damage in any event, the actual wind speeds needed to cause that damage are unknown.

Table 6.3.17‐1 (below and following) illustrates the Fujita Scale in use prior to February 2007.54
Table 6.3.17‐1
Fujita Tornado Scale (Pre‐February 2007)
Fujita Scale
F‐Scale
Number

Intensity
Phrase

F0

Gale tornado

F1

Moderate
tornado

Wind
Speed
40‐72
mph
73‐112
mph

Type of Damage
Some damage to chimneys; breaks branches off trees; pushes
over shallow‐rooted trees; damages sign boards.
The lower limit is the beginning of hurricane wind speed;
peels surface off roofs; mobile homes pushed off foundations
or overturned; moving autos pushed off the roads; attached
garages may be destroyed.
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Fujita Scale
F‐Scale
Number

Intensity
Phrase

Wind
Speed
113‐
157
mph
158‐
206
mph
207‐
260
mph

F2

Significant
tornado

F3

Severe
tornado

F4

Devastating
tornado

F5

Incredible
tornado

261‐
318
mph

F6

Inconceivable
tornado

319‐
379
mph

Type of Damage
Considerable damage. Roofs torn off frame houses; mobile
homes demolished; boxcars pushed over; large trees
snapped or uprooted; light object missiles generated.
Roof and some walls torn off well‐constructed houses; trains
overturned; most trees in forest uprooted
Well‐constructed houses leveled; structures with weak
foundations blown off some distance; cars thrown and large
missiles generated.
Strong frame houses lifted off foundations and carried
considerable distances to disintegrate; automobile sized
missiles fly more than 100 meters; trees debarked; steel
reinforced concrete structures badly damaged.
These winds are very unlikely. The small area of damage they
might produce would probably not be recognizable along
with the mess produced by F4 and F5 wind that would
surround the F6 winds. Missiles, such as cars and
refrigerators would do serious secondary damage that could
not be directly identified as F6 damage. If this level is ever
achieved, evidence for it might only be found in some
manner of ground swirl pattern, for it may never be
identifiable through engineering studies

In February 2007, use of the Fujita Scale was discontinued. In its place, the Enhanced Fujita Scale
was put into use. The Enhanced Fujita Scale retains the same basic design as its predecessor, but
reflects a more refined assessment of tornado damage surveys, standardization and damage
consideration to a wider range of structure types. The new scale considers how most structures are
designed, and is thought to be a much more accurate representation of the surface wind speeds in
the most violent tornadoes. It is important to note the date a tornado occurred, as tornadoes which
occurred prior to February 2007 are classified by the old scale and will not be converted to the
Enhanced Fujita Scale.
Table 6.3.17‐2 (below and following) illustrates the Enhanced Fujita Scale, currently in use.55
Table 6.3.17‐2
Enhanced Fujita Tornado Scale (Post‐February 2007)
Enhanced Fujita (EF) Scale
Enhanced Fujita
Category

Wind Speed (mph)

EF0

65‐85

EF1

86‐110

Potential Damage
Light damage. Peels surface off some roofs; some damage
to gutters or siding; branches broken off trees; shallow‐
rooted trees pushed over.
Moderate damage. Roofs severely stripped; mobile homes
overturned or badly damaged; loss of exterior doors;
windows and other glass broken.
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Enhanced Fujita (EF) Scale
Enhanced Fujita
Category

Wind Speed (mph)

EF2

111‐135

EF3

136‐165

EF4

166‐200

EF5

>200

Potential Damage
Considerable damage. Roofs torn off well‐constructed
houses; foundations of frame homes shifted; mobile homes
destroyed; large trees snapped or uprooted; light‐object
missiles generated; cars lifted off ground.
Severe damage. Entire stories of well‐constructed houses
destroyed; severe damage to large buildings such as
shopping malls; trains overturned; trees debarked; heavy
cars lifted off the ground and thrown; structures with weak
foundations blown away some distance.
Devastating damage. Well‐constructed houses and whole
frame houses completely leveled; cars thrown and small
missiles generated.
Incredible damage. Strong frame houses leveled off
foundations and swept away; automobile‐sized missiles fly
more than 100 m (109 yd); high‐rise buildings have
significant structural deformation; incredible phenomena
will occur.

As a barrier island, Galveston can expect to experience the entire range of tornadoes, though the
historic record indicates that EF0 and EF1 are the most common category. Therefore, EF1 is
considered the extent of the hazard for the City of Galveston.
Impact on Life and Property from the Tornadoes Hazard
Tornadoes have the potential to devastate the City of Galveston. Though the City has adopted,
continually evaluates, and enforces stringent building codes, designed to protect the built
environment, these building codes only apply to newer construction in most circumstances. Older
building stock remains at risk from tornadoes in most cases.
Occurrences of the Tornadoes Hazard
Table 6.3.17‐3 (following) details selected occurrences of tornadoes in the City of Galveston. The
storm type and estimated damages, fatalities and injuries are noted (where data available). Note
that this table is intended to be representative of the hazard occurrences, and does not include all
known occurrences.56,57
Table 6.3.17‐3
Occurrences of the Tornadoes Hazard in the City of Galveston
Occurrences of the Tornadoes Hazard in the City of Galveston
Type of
Estimated
Date
Extreme
Fatalities
Injuries
Notes
Damages
Winds
September
Seven tornadoes recorded throughout
Tornadoes Unknown Unknown
$7M+
1981
month.
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Date

August 30,
2009

Occurrences of the Tornadoes Hazard in the City of Galveston
Type of
Estimated
Extreme
Fatalities
Injuries
Notes
Damages
Winds
51 KTs Wind gust was measured at
Galveston Scholes Field. Several strong
Severe
thunderstorms formed late in the evening
Thunder‐
near Galveston Island along a nearly
0
0
Unknown
storm,
stationary surface front. A waterspout
Tornado
developed off the coast near Galveston
Island before moving inland and doing
damage as a tornado.

As noted above, there have been no new occurrences of the tornado hazard since the 2011 Plan.
Probability of Future Occurrences of the Tornadoes Hazard
Based on the history of events and local knowledge, and using the scale provided at the beginning of
this section, the probability of a future occurrence of tornadoes is low.

6.4 Methodology for Identifying Hazards of Concern
In accordance with the requirements of the Interim Final Rule all hazards with potential to affect the
City of Galveston are profiled in this section of the Plan. However, because this is a City‐level hazard
mitigation plan it is useful to identify the hazards that are of the most concern City‐wide, so these
can be the focus of more detailed assessment.
Various national, regional, and local sources were used to identify and classify different hazards for
the City of Galveston. The criteria used were:
1. History – incorporating historical accounts and records that the hazard has affected the City
often in the past, and that the hazard has occurred often and/or with widespread or severe
consequences.
2. Potential for mitigation – acknowledging that there are ways to address the hazard, and
that the methods are technically feasible and have the potential to be cost‐effective [i.e.
mitigation measures are available at a reasonable cost, and damages to property, lives
and/or community functions would be reduced or eliminated.]
3. Presence of susceptible areas or vulnerability – indicating that the City has numerous
facilities, operations, or populations that may be subjected to damage from the hazard.
4. Data availability – demonstrating that sufficient quality data is available to permit an
accurate and comprehensive risk assessment.
5. Federal disaster declarations and local emergency declarations – noting that the City
has received numerous disaster declarations for the hazard.
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The table on the following pages lists the hazards, describes the rationale for identifying (or not
identifying) hazards as significant, shows sources of information that were consulted for the
determination, and the disposition of the hazard regarding hazard identification and quantitative
risk assessment in this plan. The hazards in the shaded portion of the table are those that were
identified by the City of Galveston’s HMPSC as significant enough to warrant a quantitative risk
assessment.
To determine the probability of future occurrences of each hazard profiled, the following scale was
developed:
Low indicates that the hazard has not yet occurred, or has occurred infrequently, and has resulted or
is anticipated to result in contained or minimal damage.
Moderate indicates that the hazard has occurred or is occurring with some regularity, but with
limited spatial impacts, and either has or is anticipated to result in moderate or limited damage
High indicates that the hazard regularly occurs with some frequency, and has the potential to impact
a widespread area of the jurisdiction
Specific information related to the qualitative and quantitative assessment determinations for the
profiled hazards can be found in Section 07, Risk Assessment.
Endnotes
National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS
2 FEMA. Disaster Declarations. Retrieved 02.08.16 from http://www.fema.gov/disasters
3 The University of Texas Medical Branch at Galveston. Campus Map. Retrieved 02.08.16 from
http://www.utmbhealth.com/doc/Page.asp?PageID=DOC000589
4 Centers for Disease Control and Prevention. Recognizing the Biosafety Levels. Retrieved 02.08.16 from
http://www.cdc.gov/training/QuickLearns/biosafety/
5 Centers for Disease Control and Prevention. Pandemic Severity Index. Retrieved 02.08.16 from
http://www.cdc.gov/media/pdf/MitigationSlides.pdf
6 Texas Division of Emergency Management. State of Texas Hazard Mitigation Plan 2013 Update. Retrieved
02.08.16 from http://txdps.state.tx.us/dem/Mitigation/index.htm
7 Bureau of Economic Geology. Near Surface Observatory. Retrieved 02.08.16 from
http://www.beg.utexas.edu/coastal/reports.php
8
International Journal of Geophysics. Is there Deep-Seated Subsidence in the Houston-Galveston Area? July 2,
2014. Retrieved 03.27.17 from https://www.hindawi.com/journals/ijge/2014/942834/
9 9 Bureau of Economic Geology. The Texas Shoreline Change Project. Retrieved 02.08.16 from
http://www.gulfbase.org/project/view.php?pid=ttscp
10 USGS, National Wetlands Research Center. Global Climate Change Fact Sheets. Retrieved 02.08.16 from
http://www.nwrc.usgs.gov/climate/factshts.htm
11
Texas Bureau of Economic Geology. Texas gulf Shoreline Change Rates through 2007. Retrieved 03.14.17 from
http://www.beg.utexas.edu/coastal/presentations_reports/begTexasGulfShorelineReport2011_highRes.pdf
12
USGS. Fact sheet 110-02. Retrieved 03.14.16 from https://pubs.usgs.gov/fs/fs-110-02/Fact%20Sheet%2011002.htm
1

July 27, 2017 – Page 6‐96

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
Texas Division of Emergency Management. State of Texas Hazard Mitigation Plan 2013 Update. Retrieved
02.08.16 from http://txdps.state.tx.us/dem/Mitigation/index.htm
14 USGS. St. Petersburg Coastal and Marine Science Center. Retrieved 02.08.16 from
http://coastal.er.usgs.gov/hurricanes/ike/photo‐comparisons/galveston.html
15 National Drought Mitigation Center. Comparison of Major Drought Indices: Palmer Drought Severity Index.
Retrieved 02.08.16 from http://drought.unl.edu/Planning/Monitoring/ComparisonofIndicesIntro/PDSI.aspx
16 US Drought Monitor. Texas. Retrieved 02.08.16 from
http://droughtmonitor.unl.edu/Home/StateDroughtMonitor.aspx?TX
17 National Weather Service, Climate Prediction Center. US Seasonal Drought Outlook. Retrieved 02.08.16 from
http://www.cpc.ncep.noaa.gov/products/expert_assessment/sdo_summary.php
18 Environmental Protection Agency. Air Quality Index: A guide to Air Quality and Your Health. Retrieved
02.08.16 from http://www3.epa.gov/airnow/aqi_brochure_02_14.pdf
19 Bureau of Ocean energy Management. Leasing Information. Retrieved 02.08.16 from
http://www.data.boem.gov/homepg/data_center/leasing/leasing.asp
20 Texas Division of Emergency Management. State of Texas Hazard Mitigation Plan 2013 Update. Retrieved
02.08.16 from http://txdps.state.tx.us/dem/Mitigation/index.htm
21 ASTM International. Retrieved 10.20.15 from http://www.astm.org/ABOUT/faqs.html
22 ASTM International. Retrieved 10.20.15 from http://www.astm.org/Standards/D4829.htm
23 ASTM International. ASTM D4829‐11, Standard Test Method for Expansion Index of Soils, ASTM International,
West Conshohocken, PA, 2011, www.astm.org. Retrieved 10.20.15 from
http://www.astm.org/Standards/D4829.htm
24 State of Texas Hazard Mitigation Plan, 2013 Update. Print
25 National Weather Service. Retrieved 02.08.16 from http://www.nws.noaa.gov/om/heat/heat_index.shtml
26 National Weather Service. Heat Products. Retrieved 02.08.16 from
http://www.nws.noaa.gov/os/heat/ww.shtml
27 National Weather Service. Retrieved 01.08.16 from
http://www.nws.noaa.gov/os/heat/index.shtml
28 National Weather Service, Weather Forecast Office, Houston/Galveston, TX. Retrieved 02.08.16from
http://www.srh.noaa.gov/hgx/?n=climate_gls_normals_summary
29 National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS
30 Texas Division of Emergency Management. State of Texas Hazard Mitigation Plan 2013 Update. Retrieved
02.08.16 from http://txdps.state.tx.us/dem/Mitigation/index.htm
31 Storm Prediction Center. Beaufort Wind Scale. Retrieved 02.09.16 from
http://www.spc.noaa.gov/faq/tornado/beaufort.html
32 McComb, David. Galveston: A History. 1986. Print.
33
National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS
34 National Weather Service. National Weather Service Manual 10‐950. Retrieved 01.22.16 from
http://www.nws.noaa.gov/directives/sym/pd01009050curr.pdf
35 NOAA. Cline, Isaac . Special Report on the Galveston Hurricane of September 8,1900. Retrieved 09.26.16 from
http://www.history.noaa.gov/stories_tales/cline2.html
36 National Weather Service Weather Forecast Office, Houston/Galveston TX. Hurricane Ike Storm Surge
Estimates from Damage Surveys (updated 18 October 2008). Retrieved 09.26.16 from
http://www.srh.noaa.gov/hgx/?n=projects_ike08_storm_surge_overview
37 FEMA.gov. Repetitive Loss FAQs. Retrieved 03.14.17 from
https://www.fema.gov/txt/rebuild/repetitive_loss_faqs.txt
38 National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
July 27, 2017 – Page 6‐97
13

The City of Galveston, Texas
Section 06: Hazard Identification, Profiling, and Ranking
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS
39 The Tornado and Storm Research Orgnisation. Retrieved 02.09.16 from
http://www.torro.org.uk/hscale.php
40 National Climatic Data Center. Storm Events Database. Retrieved 09.26.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=%28C%29+Hail&beginDate_mm=01&beg
inDate_dd=01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GA
LVESTON%3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=
48%2CTEXAS
41 National Transportation Safety Board. NTSB Docket Management System. Retrieved 02.09.16 from
http://www.ntsb.gov/investigations/SitePages/dms.aspx
42 Pipeline and Hazardous Materials Safety Administration. Data & Statistics. Retrieved 02.09.16 from
https://hazmatonline.phmsa.dot.gov/IncidentReportsSearch/IncrSearch.aspx
43 National Weather Service. Lightning Activity Level (LAL) Grids. Retrieved 02.09.16 from
http://www.prh.noaa.gov/hnl/pages/LAL.php
44 Laboratory for Satellite Altimetry. Sea Level Rise Maps. Retrieved 02.09.16 from
http://www.star.nesdis.noaa.gov/sod/lsa/SeaLevelRise/LSA_SLR_maps.php
45 USGS. Sea Level and Climate. Retrieved 02.09.16 from http://pubs.usgs.gov/fs/fs2‐00/pdf/fs002‐
00_williams_508.pdf
46
Texas Bureau of Economic Geology. Texas gulf Shoreline Change Rates through 2007. Retrieved 03.14.17 from
http://www.beg.utexas.edu/coastal/presentations_reports/begTexasGulfShorelineReport2011_highRes.pdf
47 National Climatic Data Center. Storm Events Database. Retrieved 02.09.16 from
http://www.ncdc.noaa.gov/stormevents/eventdetails.jsp?id=5430489
48 United National Educational, Scientific, and Cultural Organization. Tsunami Information Centre. Retrieved
02.09.16 from http://neamtic.ioc‐unesco.org/images/Neamtic/PDF/intensity‐scale.pdf
49 USDA. Fire, Fuel, and Smoke Science Program. Wildfire Hazard Potential. Retrieved 09.26.16 from
https://www.firelab.org/project/wildfire‐hazard‐potential
50 National Hurricane Center. Glossary of NHC Terms. Retrieved 02.09.16 from
http://www.nhc.noaa.gov/aboutgloss.shtml
51 National Hurricane Center. Saffir‐Simpson Hurricane Wind Scale. Retrieved 02.09.16 from
http://www.nhc.noaa.gov/aboutsshws.php
52 McComb, David. Galveston: A History. 1986. Print.
53
National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS
54 Storm Prediction Center. Fujita Tornado Damage Scale. Retrieved 02.09.16 from
http://www.spc.noaa.gov/faq/tornado/f‐scale.html
55 Storm Prediction Center. The Enhanced Fujita Scale (EF Scale). Retrieved 02.09.16 from
http://www.spc.noaa.gov/efscale/
56 McComb, David. Galveston: A History. 1986. Print.
57
National Climatic Data Center. Storm Events Database. Retrieved 02.08.16 from
http://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventType=ALL&beginDate_mm=01&beginDate_dd=
01&beginDate_yyyy=1950&endDate_mm=12&endDate_dd=31&endDate_yyyy=2015&county=GALVESTON%
3A167&hailfilter=0.00&tornfilter=0&windfilter=000&sort=DT&submitbutton=Search&statefips=48%2CTEX
AS

July 27, 2017 – Page 6‐98

The City of Galveston, Texas
Section 7: Risk Assessment

Section 7
Risk Assessment
Contents of this Section
7.1
7.2
7.3
7.4
7.5
7.6
7.7

Requirement for Risk Assessment
2011 and 2016 Plan Risk Assessments Comparison
Risk Assessment Methodology
Areas of Concern for the City of Galveston
Estimate of Potential Losses
The City of Galveston’s Future Development Trends
Summary of Risk Assessment

7.1 Requirement for Risk Assessment
Requirement §201.6(c)(2): The plan shall include a risk assessment that provides the factual
basis for activities proposed in the strategy to reduce losses from identified hazards. Local risk
assessments must provide sufficient information to enable the jurisdiction to identify and prioritize
appropriate mitigation actions to reduce losses from identified hazards.
Requirement §201.6(c)(2)(ii): [The risk assessment shall include a] description of the
jurisdiction’s vulnerability to the hazards described in paragraph (c)(2)(i) of this section. This
description shall include an overall summary of each hazard and its impact on the community.
Requirement §201.6(c)(2)(ii): [The risk assessment] must also address National Flood
Insurance Program (NFIP) insured structures that have been repetitively damaged floods.
Requirement §201.6(c)(2)(ii)(A): The plan should describe vulnerability in terms of the types
and numbers of existing and future buildings, infrastructure, and critical facilities located in the
identified hazard area. .
Requirement §201.6(c)(2)(ii)(B): [The plan should describe vulnerability in terms of an]
estimate of the potential dollar losses to vulnerable structures identified in paragraph (c)(2)(ii)(A)
of this section and a description of the methodology used to prepare the estimate. .
Requirement §201.6(c)(2)(ii)(C): [The plan should describe vulnerability in terms of] providing
a general description of land uses and development trends within the community so that
mitigation options can be considered in future land use decisions.
Requirement §201.6(c)(2)(iii): For multi‐jurisdictional plans, the risk assessment must assess
each jurisdiction's risks where they vary from the risks facing the entire planning area.
In 2005, the National Hurricane Center compiled a list of the five places in the US most
vulnerable to hurricanes. Galveston was one of the five areas names. Low elevation and limited
evacuation routes off the island were the primary reasons to Galveston’s inclusion on the list.
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As discussed in Section 6 of this Plan (Hazard Identification, Profiling and Ranking), the City of
Galveston has at least some exposure to as many as 19 hazards, but most of them have such low
probability of occurrence that there is little or no serious risk to the City. Section 6 described
the process by which the City reduced the list of 19 possible hazards to the 15 that create the
greatest risk to the City of Galveston’s residents, assets, and operations:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Biologic Event (carryover from 2011 plan)
Coastal Hazards (carryover from 2011 plan)
Drought (carryover from 2011 plan)
Environmental Disaster (carryover from 2011 plan)
Extreme Heat (new)_
Extreme Wind Event (carryover from 2011 plan and separated)
Expansive Soils (new)
Flooding (carryover from 2011 plan)
Hail (new)
Hazardous Materials Incident (carryover from 2011 plan)
Lightning (carryover from 2011 plan)
Sea Level Change (carryover from 2011 plan)
Severe Winter Storms (new)
Tsunami (carryover from 2011 plan)
Wildfire/Urban Fire (carryover from 2011 plan)
Tropical Systems and Hurricanes (carryover from 2011 plan and separated)
Tornadoes (carryover from 2011 plan and separated)

This list of 17 hazards was then further analyzed to determine past occurrences and the
likelihood of future occurrence. A qualitative risk assessment performed for all hazards
profiled. The following seven hazards were deemed a significant enough risk, with sufficient
data available, to the City to merit a quantitative risk assessment:








Coastal Hazards
Environmental Disaster
Extreme Wind
Flooding
Wildfire/Urban Fire
Tropical Systems and Hurricanes
Tornadoes

This list of hazards selected for a quantitative assessment differs from the list selected in the
2011 Plan, and reflects the current opinion of the HMPSC regarding the hazards with the
highest potential impact to the City.
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7.2 2011 and 2016 Plan Risk Assessments Comparisons
The table below (7.2‐1) provides a summation of the risk assessment findings from the 2011
Hazard Mitigation Plan, and any changes determined necessary for this Plan Update.
Table 7.2‐1
Comparison of 2011 and 2016 Plan Risk Assessments

Comparison of 2011 and 2016 Plan Risk Assessments
2011 Plan
2016 Plan Update
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Coastal Erosion
Reclassified as Coastal Hazards
Quantitative Assessment
Qualitative Assessment
Coastal Hazards
Not Included
Quantitative Assessment
Coastal Retreat
Qualitative Assessment
Reclassified as Coastal Hazards
Coastal Subsidence
Qualitative Assessment
Reclassified as Coastal Hazards
Drought
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Environmental Disaster
Qualitative Assessment
Quantitative Assessment
Expansive Soils
Not Included
Qualitative Assessment
Extreme Heat
Not Included
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Extreme Wind
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Flooding
Quantitative Assessment
Quantitative Assessment
Hail
Not Included
Qualitative Assessment
Qualitative Assessment
Hazardous Materials Incident
Qualitative Assessment
Quantitative Assessment
Lightning
Qualitative Assessment
Qualitative Assessment
Sea Level Change
Qualitative Assessment
Qualitative Assessment
Severe Winter Storm
Not Included
Qualitative Assessment
Terrorism
Qualitative Assessment
Eliminated from Consideration
Tsunami
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Qualitative Assessment
Wildfire/Urban Fire
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Topical Systems and Hurricanes
Quantitative Assessment
Quantitative Assessment
Qualitative Assessment
Qualitative Assessment
Tornadoes
Quantitative Assessment
Quantitative Assessment
Hazard
Biological Event

7.3 Risk Assessment Methodology
The risk assessment describes and analyzes the risks and vulnerabilities to the City of Galveston
from the hazards profiled in Section 06 Hazard Identification, Profiling and Ranking. The
assessment includes a vulnerability description and information as to the identified risk to
public and private assets (where applicable).
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The City of Galveston Hazard Mitigation Planning Stakeholder Committee (HMPSC) conducted a
risk assessment exercise to determine the vulnerabilities to assets within the planning area.
The exercise was conducted at an HMPSC meeting. The updated hazard profiles were used as
the basis to determine the vulnerability of and risk to assets within the City. A variety of data
sources were used to complete this risk assessment, including:





Local knowledge and experience of HMPSC Members and City Staff
Reports and studies commissioned by the City
Plans produced and maintained by the City
Reports and studies provided by other agencies, both state and federal

In all instances, the best available data was utilized.
Prioritizing the potential impacts of hazards on City assets was based on both a quantitative and
a qualitative analysis of the identified hazards. This allowed the HMPSC to focus planning effort
on the hazards most likely to cause future impacts to the community. The HMPSC used
historical data, local knowledge and experience to rate the exposure, probability and impact of
each of these hazards. Each hazard identified and profiled received a qualitative risk
assessment. The anticipated impact of the hazards was then assigned a value of low, moderate,
or high. Table 7.3‐1 (below) describes the definitions assigned to these terms.
Table 7.3‐1
Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment

Definitions of Risk Assessment Impact Terminology for Qualitative Risk Assessment
Potential Impact to
Buildings/Critical
Facilities

Potential Impact
to Infrastructure

Low

Some injuries
possible, but
significant injuries
unlikely

Cosmetic damages to
structures; <1 day LOF

Some systems
temporarily down;
restoration in <1
day

Moderate

Injuries expected
(some significant);
some fatalities
possible

Some structural
damages; 1‐2 days
LOF

System failures /
utility loss;
restoration in 2‐3
days

High

Several fatalities
expected

Some structures
significantly damaged;
3+ days LOF

Long‐term system
damage / utility
loss; restoration 3+
days

Not
applicable

Not applicable for
this hazard

Not applicable for this
hazard

Not applicable for
this hazard

Term

Potential Impact to
People (Life
Safety/Livelihood)
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Potential
Impact to
Service
Delivery
Services /
operations
suspended or
interrupted; <1
day LOF
Services /
operations
temporarily
unavailable; 2‐3
day LOF
Cancellation of
services /
operations until
repairs are
made; 4+ day
LOF
Not applicable
for this hazard
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These ratings were then used to determine the qualitative ranking of the hazards, the City’s risk
of exposure to the hazard, the probability of the hazard occurring and the potential impact of
that hazard to the City of Galveston. This data is shown in Table 7.3‐2 (below). Table 7.3‐3
(following) shows this data ranked by risk.
Table 7.3‐2
Qualitative Risk Assessment Ranking, by Hazard – City of Galveston

Qualitative Risk Assessment Ranking, by Hazard
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Biological Event

Low/Moderate

Low

Low

Low

Coastal Hazards

Low

Low/Moderate

Low

Low

Drought

Low

Low

Low

Environmental
Disaster

Low/Moderate

Low

Low

Low

Expansive Soils

Low

Low

Low

Low

Extreme Heat

Moderate

Low

Low

Low

Extreme Wind

Moderate/High

Moderate/High

Moderate

Moderate

Flooding

Moderate/High

Moderate

Moderate

Moderate

Low

Low

Low

Low

Low/Moderate

Low

Low

Low

Lightning

Low

Low

Low

Low

Sea Level Change

Low

Low/Moderate

Low/Moderate

Low/Moderate

Severe Winter
Storm

Low

Low

Low

Low/Moderate

Tsunami

Low

Low

Low

Low

Wildfire/Urban
Fire

Low/Moderate

Moderate

Low/Moderate

Low/Moderate

Tropical Systems
and Hurricanes

Moderate/High

Moderate/High

Moderate

Moderate

Hazard

Hail
Hazardous
Materials Incident
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Qualitative Risk Assessment Ranking, by Hazard
Hazard
Tornadoes

Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Moderate/High

Moderate/High

Moderate

Moderate

Table 7.3‐3
Qualitative Risk Assessment Ranking, by Risk Determination – City of Galveston

Qualitative Risk Assessment Ranking, by Risk Determination
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Extreme Wind

Moderate/High

Moderate/High

Moderate

Moderate

Flooding

Moderate/High

Moderate

Moderate

Moderate

Wildfire/Urban
Fire

Low/Moderate

Moderate

Low/Moderate

Low/Moderate

Moderate

Low

Low

Low

Sea Level Change

Low

Low/Moderate

Low/Moderate

Low/Moderate

Biological Event

Low/Moderate

Low

Low

Low

Coastal Hazards

Low

Low/Moderate

Low

Low

Environmental
Disaster

Low/Moderate

Low

Low

Low

Hazardous
Materials Incident

Low/Moderate

Low

Low

Low

Severe Winter
Storm

Low

Low

Low

Low/Moderate

Drought

Low

Low

Low

Expansive Soils

Low

Low

Low

Low

Hail

Low

Low

Low

Low

Hazard

Extreme Heat
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Qualitative Risk Assessment Ranking, by Risk Determination
Impact to People
(Life Safety
/Livelihood)

Impact to
Buildings
/Critical Facilities

Impact to
Infrastructure

Impact to
Service
Delivery

Lightning

Low

Low

Low

Low

Tsunami

Low

Low

Low

Low

Tropical Systems
and Hurricanes

Moderate/High

Moderate/High

Moderate

Moderate

Tornadoes

Moderate/High

Moderate/High

Moderate

Moderate

Hazard

7.4 Areas of Concern for the City of Galveston (Updated)
As a barrier island community, the City of Galveston has concern and vulnerabilities that must
be addressed as part of any mitigation planning effort. Prior to the commencement of the
planning effort, the City identified three areas of concern. The HMPSC determined that these
areas should receive consideration (where applicable) during the planning process. These areas
are discussed below.
Data from a variety of sources was consulted to determine these specific concerns, including:





Local knowledge and experience of HMPSC Members and City Staff
Reports and studies commissioned by the City
Plans produced and maintained by the City
Reports and studies provided by other agencies, both state and federal

7.4.1 Critical Facilities
The HMPSC determined that a focus of the Plan would be risks and vulnerabilities of critical
facilities. The Committee considered the definition of critical facilities found in FEMA 386. After
discussion and consideration, they determined that the definition could be used if it was
expanded. The following is the definition of critical facilities for the City of Galveston’s Hazard
Mitigation Plan:
“Facilities that are critical to the health and welfare of the population and that are especially
important following hazard events. Critical facilities include, but are not limited to, shelters,
police and fire stations, hospitals, and other facilities necessary for continuity of
government.”
The HMPSC analyzed facilities throughout the City in conjunction with the hazard identification.
Over the course of several discussions, the HMPSC identified a broad range of critical facilities.
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Further analysis produced assessments of the value of the facilities, the contents, and the cost to
replace those facilities, all of which was included in the risk assessment, where applicable and
available.
The HMPSC opted to include the risk assessments for critical facilities with the City’s overall
risk assessments, rather than the separate them. This was done to present a complete and
overall picture of the City’s actual risks and vulnerabilities to the hazards deems to present the
greatest risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.4.2 Historic Assets
The HMPSC determined that an additional focus of the Plan would be risks and vulnerabilities
of historic structures, neighborhoods and assets. After discussion with the City’s Historic
Preservation Staff, the Committee opted to use the definition of historic asset found in FEMA
386:
“As defined by 36 CFR Part 800, means any prehistoric or historic district, site, building,
structure, or object included in, or eligible for inclusion in, the National Register maintained
by the Secretary of the Interior. This term includes artifacts, records, and remains that are
related to and located within such properties. The term includes properties of traditional
religions and cultural importance to an Indian Tribe or Native Hawaiian organization and
that meet the National Register.”
The HMPSC analyzed historic assets throughout the City in conjunction with the hazard
identification. Further analysis produced assessments of the value of the assets, the contents,
and the cost to replace those facilities, all of which was included in the risk assessment, where
applicable.
The HMPSC opted to include the risk assessments for historic assets with the City’s overall risk
assessments, rather than the separate them. This was done to present a complete and overall
picture of the City’s actual risks and vulnerabilities to the hazards deems to present the greatest
risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.4.3 Beaches and Shorelines
The HMPSC determined that a final focus of the Plan would be risks and vulnerabilities of
beaches and shorelines, both Gulf‐facing and Bay‐facing. A discussion was held during a
Committee meeting, in which the Committee talked through various concerns regarding the
beaches and shorelines in Galveston. Among these concerns are:
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Wetland health along the Bay
Threats to endangered species and critical habitat (Bay and Gulf)
Loss of dune systems and vegetation, specifically because of Hurricane Ike, which has
increased the island’s vulnerability to coastal flooding, storms and erosion
Maintenance of beach front roads and walkovers
Maintenance of privately‐owned septic systems

The HMPSC analyzed risks and vulnerabilities from beach‐issues throughout the City in
conjunction with the hazard identification. Further analysis produced assessments of the value
of the assets, the contents, and the cost to replace those facilities, all of which was included in
the risk assessment, where applicable.
The HMPSC opted to include the risk assessments developed in relation to beach‐issues with
the City’s overall risk assessments, rather than the separate them. This was done to present a
complete and overall picture of the City’s actual risks and vulnerabilities to the hazards deems
to present the greatest risk to the City.
During the 2016 Plan Update process, the HMPSC reaffirmed this decision.

7.5 Estimate of Potential Losses (Updated)
This section describes the risk to the City of Galveston, including its residents and critical,
government and historical assets from the list of hazards profiled in Section 6 – Hazard
Identification, Profiling and Ranking. As noted above, risk is an expression of expected future
losses resulting from the impacts of the identified hazards.

7.5.1 Biological Event (updated)
Background and Vulnerability
As a barrier island community that is home to a heavily trafficked port, a regional medical
center, and a medical university with significant research activities and is a destination for tens
of thousands of tourists each year, Galveston has above‐average exposure to biological agents.
The highest vulnerability exists in terms of people; the extent of any event would be contingent
on the type of contagion or infection, the severity of the outbreak, the method/rate of
transmission, and the speed with which the event is recognized.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being significantly less likely. It was supposed that impacts
to assets and infrastructure could occur if enough people were affected by the pathogen, but
that this would be a truly extraordinary event. In addition, the HMPSC also considered the
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presence of UTMB within the community, and the level of planning and response capability
available to the community through this resource.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.1‐1 (below).
Table 7.5.1‐1
Biological Event Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Biological Event Low/Moderate
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed reports of any biological events that do occur in the interim
Estimates of potential increases to operating costs due to staff illness/lost work time

7.5.2 Coastal Hazards (updated)
While usually a slow‐evolving hazard, coastal hazards – particularly coastal erosion ‐ present a
serious threat to the City of Galveston. As a densely‐populated barrier island, any loss of land
equates to an increase in the City’s vulnerability to hurricanes, coastal storms and above‐
average tidal events. When the land lost is beach that provides valuable protections from these
coastal storm events, that loss results in greater vulnerability.
Background and Vulnerability
Galveston frequently experiences coastal erosion. According to the Texas General Land Office
(GLO), the natural coastal environment of Texas is the product of climate, tides, relative sea‐
level change, tropical storm frequency, the amount of sediment delivered to the Gulf of Mexico
by rivers and the rate of dispersal of that sediment by waves and currents. Some of these
processes contribute to long‐term (chronic) coastal erosion, and others cause short‐term
(storm‐induced) erosion. Daily winds and tides have only a moderate effect on the shoreline.
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Hurricanes and tropical storms have a significant impact where winds drive currents and large
volumes of beach shoreface sand (to the west and southwest) along the Texas coast. Chronic
erosion is generally more difficult to address than storm‐induced erosion.
Coastal shoreline recession and erosion is caused by a relative rise in sea level, and the fact that
the amount of sediment removed by wave energy exceeds that supplied to the beach by
longshore currents. Per a study done by Texas A&M University Galveston (TAMUG), the relative
rise in sea level in Galveston was measured at 0.24” per year; other studies place the general
level of rise in the Gulf of Mexico at 3.3 mm per year, with a margin of error of +/‐ 0.4 mm. This
is significant because Texas beaches are relatively flat and any rise in sea level can result in
substantial shoreline recession. Climate change (from wetter to drier) during the past 18,000
years has decreased the volume of sediments carried to the Texas coast by rivers.
Human modifications or actions can contribute to or accelerate localized coastal erosion. Jetties,
groins, and breakwaters hinder sediments that would normally collect along the shoreline.
Seawalls, revetments and bulkheads also contribute to the hindrance of sediments normal
patterns of distribution – and these exist in Galveston. Waves generated by boats and ships can
erode unprotected shorelines or accelerate erosion in areas already affected by natural
processes. An increase in the number of ships with large wakes could prove detrimental to
coastal properties.
The GLO has defined "eroding areas" as "a portion of the shoreline which is experiencing a
historical erosion rate of greater than two feet per year based on published data of the
University of Texas at Austin, Bureau of Economic Geology." An eroding area is considered
critical when the rate of erosion exceeds two feet per year and poses a threat to:






public infrastructure or areas of national importance,
public beach access and recreation,
traffic safety,
private property, or
fish or wildlife habitat.

Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.2‐1 (following).
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Table 7.5.2‐1
Coastal Hazards Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Coastal Hazards
Low
Low/Moderate

Infrastructure

Service Delivery

Low/Moderate

Low

After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would include both a quantitative and a
qualitative analysis.
Galveston is experiencing coastal erosion on both sides – both its Gulf‐facing beaches and its
Bay‐facing wetlands and other sensitive areas.
The GLO has designated two Critical Erosion Areas in Galveston County. The first is Caplen
Beach, Bolivar Peninsula. The second Critical Erosion Area in Galveston County is Galveston
Island State Park Bay Shoreline. In this area, the marshes are being converted to open water.
This is severely increasing due to the loss of protective emergent shoals. Wave erosion due to
recreational vessel wakes has lowered the elevation of protective shoals towards the shoreline.
Figure 7.5.2‐1 (following) shows the location and rate of coastal hazards, particularly erosion,
along the Texas coast, including the City of Galveston. Based on the figure, the Gulf‐facing coast of
Galveston is eroding at an average rate of between ‐0.5 to ‐2.5 feet per year.
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Map 7.5.2‐1
Shoreline Change Rates along the Texas Gulf Coast

Coastal storms can have dramatic impacts on existing coastal hazards. After Hurricane Ike, the
Texas GLO funded a technical study which studied the effects of Hurricane Ike along the Upper
Texas Coast, including the City of Galveston. The results of that study showed that Galveston
experienced significant coastal erosion and retreat because of Hurricane Ike. The estimated rate
of this storm‐related erosion is presented in Table 7.5.2‐2 (following).
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Table 7.5.2‐2
Estimated Coastal Erosion in Galveston Because of Hurricane Ike

Estimated Coastal Erosion in Galveston Becuase of Hurricane Ike
Location
Estimated Erosion (in linear feet)
Galveston East Beach
315
Shoreline eroded to Seawall and limited by
Galveston Seawall
Seawall
Galveston West End
195
Galveston Far West End (San Luis Pass)
200

Figure 7.5.2‐2 (below) shows pre‐ and post‐storm aerial imagery from the Galveston Each
Beach area. In these photographs, several hundred linear feet of coastline were lost to
Hurricane Ike.
Figure 7.5.2‐2
Evidence of Coastal Erosion in Galveston as a Result of Hurricane Ike

Valuation Methodology for Loss Estimation
The risks and vulnerabilities to humans and to the built environmental from coastal erosion are
difficult to assess using traditional valuation methodologies. Coastal hazards are not just a
threat to people and the things they build; they also pose a risk to the surrounding ecosystems.
Some would argue that the environmental risks of coastal erosion are more significant than the
risks to people and their construction.
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There are a variety of generally accepted methods to quantify the risks from coastal hazards.
One is to use a market value‐based methodology. In other words, to determine how the hazards
affect various economic activities or interests, such as tourism or private property values. This
involves the calculation of direct damages to people and property from coastal erosion. The
market price method can be used to value changes in either the quantity or quality of a good or
service. It uses standard economic techniques for measuring the economic benefits from
marketed goods, based on the quantity people purchase at different prices, and the quantity
supplied at different prices. The idea of property value is based on the notion that the property
can be utilized for human purposes. If that property no longer exists, such as if it is inundated
by seawater, the value of that property evaporates. Typically, coastal property that is eroding or
is inundated has diminished value when compared to land that is not eroding and is not
inundated.
Another methodology involves the calculation or estimation of damages avoided. This method
estimates the value of ecosystem services based on either the costs of avoiding damages due to
lost services, the cost of replacing ecosystem services, or the cost of providing substitute
services. This method does not provide strict measures of economic values, which are based on
peoples’ willingness to pay for a product or service. Instead, it assumes that the costs of
avoiding damages or replacing ecosystems or their services provide useful estimates of the
value of these ecosystems or services. This assumes that, if people incur costs to avoid damages
caused by lost ecosystem services, or to replace the services of ecosystems, then those services
must be worth at least what people paid to replace them. Thus, the methods are most
appropriately applied in cases where damage avoidance or replacement expenditures have
been, or will actually be, made.
Some examples of cases where this method might be applied include:
 Valuing improved water quality by measuring the cost of controlling effluent emissions.
 Valuing erosion protection services of a forest or wetland by measuring the cost of
removing eroded sediment from downstream areas.
 Valuing the water purification services of a wetland by measuring the cost of filtering
and chemically treating water.
 Valuing storm protection services of coastal wetlands by measuring the cost of building
retaining walls.
 Valuing fish habitat and nursery services by measuring the cost of fish breeding and
stocking programs.
While the second methodology would likely result in a more complete and holistic assessment
of the risks of coastal erosion to the City of Galveston, the data required to calculate those
values is currently unavailable or incomplete. This methodology may be employed in future
updates of this Plan, if the data is available and reliable. Therefore, this assessment will
evaluate the risks of coastal hazards in terms of the threat it poses to people and the built
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environment, the risks to Galveston’s tourism industry, and the costs associated with restoring
eroded areas.
Risks to Galveston Residential Assets
Table 7.5.2‐1, located earlier in this section, provided details of the estimated coastal erosion on
the West End of Galveston Island because of Hurricane Ike. The loss of so much beach, so
quickly left many residential structures vulnerable to further coastal erosion, as their protective
dunes and vegetation were destroyed by the storm surge. At least 350 residential structures
were placed at risk because of Ike‐related erosion.
The current average listing price for housing on the West End of Galveston (west of Stewart
Road) is approximately $266,650, based on February 2016 market estimates from publically‐
available records and listings.1 Assuming the approximately 350 structures at risk were within
the average price range, this equals more than $93M in residential assets (listing price) that are
vulnerable to coastal hazards.
Risks to Galveston Critical Facilities
Galveston does have critical facilities that are potentially at risk from coastal erosion. While
there are no identified structures at risk, there are inter‐dependent lines that are potentially at
risk, as well as roadways that provide access to property owners, emergency responders, and
beach visitors.
Figure 7.5.2‐3 (following) illustrates the location of Galveston’s sewer lines; figure 7.5.2‐4
(following) shows the location of Galveston’s water lines. Roadways are also indicated on both
figures. Note the proximity of utility lines and roads on the West End in relation to the Gulf‐
facing beaches. These lines are constantly at risk of suffering a failure to function from coastal
erosion.
Figure 7.5.2‐5 (following) identifies the locations of roads designated as critical to the City of
Galveston; figure 7.5.2‐6 (following) identifies bridges and railroads. Note the proximity of
these critical access routes and points to potential sources of coastal hazards, both from the Gulf
and from the Bay.
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Figure 7.5.2‐3
Location of Galveston Sewer Lines and Roads
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Figure 7.5.2‐4
Location of Galveston Water Lines and Roads
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Figure 7.5.2‐5
Location of Galveston Critical Roads
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Figure 7.5.2‐6
Location of Galveston Critical Bridges and Railroads

Table 7.5.2‐3 (below and following) provides valuation for public works facilities and lines in
the City of Galveston. All associated water and sewer lines are included in plant estimates. All
figures are based on insured valued provided by the City’s Risk Manager.
Table 7.5.2‐3
Critical Water and Wastewater Facility Inventory

Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Generating Plant Building
Public Utilities
$392,840
$120,000
Elec/Control Building/Generator
Public Utilities
$98,415
$82,000
Lift Station #1
Public Utilities
$50,233
$0
Lift Station #2
Public Utilities
$30,755
$0
Lift Station #3
Public Utilities
$43,057
$0
Lift Station #4
Public Utilities
$32,805
$0
Lift Station #5
Public Utilities
$43,057
$0
Lift Station #6
Public Utilities
$30,755
$0
Main Building/Control Blower
Public Utilities
$72,171
$125,000
Lift Station #2A
Public Utilities
$112,767
$0
Lift Station #6
Public Utilities
$151,006
$0
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Total
$512,840
$180,415
$50,233
$30,755
$43,057
$32,805
$43,057
$30,755
$197,171
$112,767
$151,006

The City of Galveston, Texas
Section 7: Risk Assessment
Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Lift Station #7
Public Utilities
$136,756
$0
Lift Station #21
Public Utilities
$128,760
$0
Lift Station #29
Public Utilities
$84,575
$0
Lift Station #1
Public Utilities
$102,516
$0
Lift Station #3
Public Utilities
$102,516
$0
Lift Station #7
Public Utilities
$102,516
$0
Lift Station #5
Public Utilities
$102,516
$0
Lift Station #6
Public Utilities
$102,516
$0
Lift Station #4
Public Utilities
$102,516
$0
Public Works
Public Works
$2,121,253
$200,000
Sanitation Office
Public Works
$421,749
$50,000
Digester
Water/Wastewater
$102,516
$0
Blower
Water/Wastewater
$1,290,672
$1,200,000
Building/Office/Generator
Chlorine Building
Water/Wastewater
$21,842
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Clarifier Tank
Water/Wastewater
$124,044
$0
Transfer Station Building
Water/Wastewater
$355,524
$0
Sludge Screen
Water/Wastewater
$124,044
$0
30th St Pump Station
Water/Wastewater
$1,264,428
$100,000
Pump House
Water/Wastewater
$72,376
$400,000
Pump Station
Water/Wastewater
$156,541
$92,000
Pump Station
Water/Wastewater
$114,202
$0
Pump/Blower Building
Water/Wastewater
$297,295
$500,000
Sewage Lift Pump House
Water/Wastewater
$57,614
$0
Thickner Tank
Water/Wastewater
$124,044
$0
Parts Storage
Water/Wastewater
$361,778
$100,000
Sludge Press Building
Water/Wastewater
$1,537,734
$0
190k gal Clarifier Tank
Water/Wastewater
$439,690
$0
84k gal Digester Tank
Water/Wastewater
$128,247
$0
15k gal Pressure Tank
Water/Wastewater
$48,387
$0
15k gal Pressure Tank
Water/Wastewater
$48,387
$0
160k gal Aerator Tank
Water/Wastewater
$419,084
$0
SBR/Headworks/Chlorine/Digest
Water/Wastewater
$517,396
$0
er
SBR
Treatment/Sludge/Aeration/Cont Water/Wastewater
$638,467
$0
rols
Operations Building/Generator
Water/Wastewater
$848,829
$20,000
460k gal Ground Water Tank #1
Water/Wastewater
$289,402
$0
460k gal Ground Water Tank #2
Water/Wastewater
$289,402
$0
Main Building
Water/Wastewater
$6,663,516
$150,000
Generator Building/Generator #1
Water/Wastewater
$1,332,703
$0
Generator Building/Generator #2
Water/Wastewater
$1,332,703
$0
Disinfectant
Water/Wastewater
$1,145,612
$0
Building/Chlorination System
Flow Control Building &
Water/Wastewater
$86,113
$0
Equipment
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Total
$136,756
$128,760
$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,321,253
$471,749
$102,516
$2,490,672
$21,842
$124,044
$124,044
$124,044
$355,524
$124,044
$1,364,428
$472,376
$248,541
$114,202
$797,295
$57,614
$124,044
$461,778
$1,537,734
$439,690
$128,247
$48,387
$48,387
$419,084
$517,396
$638,467
$868,829
$289,402
$289,402
$6,813,516
$1,332,703
$1,332,703
$1,145,612
$86,113
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Galveston Critical Facilities at Risk from Coastal Hazards
Contents
Facility Name
Asset Type
Asset Value
Value
Improvements & Equipment
Water/Wastewater
$6,216,137
$0
$31,262,864
$3,139,000
Grand Totals:

Total
$6,216,137
$34,401,864

In addition to municipal utility infrastructure, roadways are also at risk from coastal hazards.
Because of Hurricane Ike‐caused erosion, the City lost several thousand feet of roadway to
erosion, leaving neighborhoods and homes inaccessible. The roadways identified as critical in
Figure 7.5.2‐5 are as follows:






61st Street
Harborside Drive
Broadway (Avenue J)
Seawall Boulevard / FM 2005 / San Luis Pass Road
Stewart Road (Avenue S)

To quantify the estimated replacement costs for at‐risk roadways, an average replacement cost
per 1000’ and per mile was established for both asphalt and concrete roadways. While actual
replacement costs will vary based on the degree of damage and the circumstances, these figures
are useful for estimating potential losses in a quantifiable way.
For each of these critical asphalt roadways that are damaged or destroyed by coastal erosion,
the average replacement costs are $152,000 per 1,000’, or more than $800,000 per mile. For
each of these critical concrete roadways that are damaged or destroyed by coastal erosions, the
average replacement costs are $179,000 per 1,000’, or more than $947,000 per mile.
Risks to Galveston Historic Assets
Currently, there are no historical structures in Galveston that are known to be at risk from
coastal hazards. However, the Galveston Seawall is constantly exposed to erosion.
Hurricane Ike pounded the Seawall with waves and debris for at least 12 hours, damaging
pavement, causing sinkholes along the sidewalk on top of the wall and swallowing up the
protective beach in front of it. The beach along a 51‐block stretch of the Seawall required
replenishment with more than 400,000 yards3 of sand from nearby land. The storm eroded
most of the sand at the base of the Seawall, leaving it vulnerable to corrosion or further erosion,
which could have undermined the structural integrity of the Seawall. The Seawall maintained
its structural integrity but required the first major repair project in its 105‐year history, per the
US Army Corps of Engineers' Galveston office. This repair project was estimated to cost $10
million.
Using the above project as a baseline, the estimated potential loss to the 10.2‐mile Seawall from
coastal erosion is estimated at approximately $1 million per mile.
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Risk Assessment Conclusions
Coastal hazards are a real and present risk to Galveston, and the City is vulnerable to them.
Galveston is aware of these risks and their own vulnerabilities, and continually takes steps to
mitigate their own vulnerabilities to the extent possible and practicable.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Exact location of areas of the Island experiencing coastal erosion and measurements of
all structures and assets in proximity
Rates of annual erosion/subsidence/retreat

7.5.3 Drought (updated)
Background and Vulnerability
As a barrier island community with no on‐site potable water sources, Galveston is uniquely
susceptible to the effects of drought, both locally and in source locations. All of the potable
water consumed and used on the island comes through a vendor pipeline, across the railroad
causeway. While drought conditions are currently absent in most of Texas and in the planning
area, drought is a frequent occurrence in Texas, and is one that must be considered and planned
for by all communities – particularly those that rely on water from other place via external
providers, such as Galveston.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being slightly more likely. Service delivery was determined
to be the greatest impact. However, each of these areas were considered to be low risk and
impact potential.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.3‐1 (below).
Table 7.5.3‐1
Drought Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Drought
Low
Low

Infrastructure

Service Delivery

Low

Low
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Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed plans for alternate water supplies or sources, including estimated costs for
access, delivery, and distribution
Estimates of increased operating costs due to unavailability of water or water of
sufficient quality for human consumption and use

7.5.4 Environmental Disaster (updated)
Background and Vulnerability
Environmental disasters can influence agriculture, biodiversity, the economy and human health.
The causes include pollution, depletion of natural resources, industrial activity or agriculture. As
the original Plan was being developed in 2010, the world was watching the largest oil
contamination event in US history unfold in the Gulf of Mexico, a few hundred miles offshore
from Galveston. In July 2010, oil from the Deepwater Horizon accident began washing up on the
beaches in Galveston and the Bolivar Peninsula to the north of Galveston. Oil has also impacted
coastal communities in Louisiana, Alabama, Mississippi, and Florida. This incident underscores
the point that environmental disasters have far reaching effects and consequences.
Discussion among the HMPSC members indicated that this hazard posed the greatest risk to
people, with impacts to assets, infrastructure, and service delivery being slightly less likely.
However, each of these areas were considered to be low risk and impact potential, excepting
people, which was determined to be low to moderate.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.4‐1 (following).
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Table 7.5.4‐1
Environmental Disaster Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Environmental
Low/Moderate
Low
Disaster

Infrastructure

Service Delivery

Low

Low

After discussion and consideration, the HMPSC determined that despite the low probability and
potential impacts to the City of Galveston, environmental disasters are a relatively frequent
occurrence in and around Galveston. They are events that the City has no control over, as they
often happen to the City rather than in it. Because of these considerations, the HMPSC
determined that a quantitative assessment should be completed for this Plan Update.
To achieve this assessment, a recent event will be used as the basis for a scenario. On March 21,
2014, the 585‐foot bulk carrier Summer Wind, reported a collision between the Summer Wind
and a barge, containing 924,000 gallons of fuel oil, towed by the motor vessel Miss Susan.
Approximately 170,000 gallons of RMG 380 marine fuel spilled into the Galveston Bay.
The tar‐like oil spilled in a major shipping channel, and impacted hundreds of miles of the Texas
coast, including the coast lines in Galveston. The spill of nearly 4,000 barrels occurred during
peak spring migration season, when migratory birds were returning to Texas estuaries. Baby
shrimp were also returning to the bays to feed and grow. The spill occurred in a heavily
trafficked ship channel, with significant current action in the area. Initial concerns in the
immediate aftermath of the spill included wildlife and environmental impacts, as well as
contamination.
The spill resulted in the closure of the Houston Ship Channel for three days. Every year, more
than 200M tons of cargo moved through the channel, carried by more than 8,000 vessels. A
2012 study places the statewide economic impact of the Port of Houston at almost $265B. This
equates to more than $726M per day of statewide economic impacts, or a loss of $2.1B for the
three days that this spill resulted in the closure of the Channel, and therefore (effectively) the
Port of Houston.
Some wildlife was killed by the spill. Several hundred birds were killed, as were approximately
20 dolphins and some sea turtles. Because of the type of fuel that was released, there are some
long‐term fears for sporting fish; releases of similar weights of fuel have resulted in long‐term
impacts to large predatory fish, such as Bluefin tuna and amberjack.
For the City of Galveston, resources were required to respond to the spill, and to support
recovery efforts afterwards. The City staff’s primary responsibility was coordination, which
required dedicated staff time. The incident lasted 42 days, from March 21 to May 1. It is
reasonable to assume that in the early days of the event, significant staff time was dedicated to
the response/recovery of the event, including both the Emergency Management Coordinator
(EMC) and the Deputy Emergency Management Coordinator (DEMC). The EMC has an
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approximate hourly base rate of $32/hour; the DEMC has an approximate base rate of
$22/hour. If both of these positions were dedicated to the City’s response/recovery to this
event for 40 hours per week for two weeks, the minimum cost to the City for this event was
$4,320. The real‐world costs were likely much higher, but were also undocumented, as many of
the costs were eventually reimbursed by another agency.
In any environmental disaster event, the City will have direct economic impacts, in the form of
resource usage. These costs will vary from event to event, and will depend largely on the event
itself.
Risk Assessment Conclusions
The HMPSC recognizes that environmental disasters have the potential to have far reaching,
devastating consequences for the City of Galveston, and that these events are largely outside of
the control of the City.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Detailed plans for alternate water supplies or sources, including estimated costs for
access, delivery, and distribution
Estimates of increased operating costs due to unavailability of water or water of
sufficient quality for human consumption and use

7.5.5 Expansive Soils
Background and Vulnerability
Expansive soils pose a risk to the built environment around them. Specifically,
structures built on top of these soils can experience shifting, setting, and other
foundation damages. In extreme cases, the entire structure may collapse or be
damaged by these soils.
In addition, utilities that are run through these soils, and roadways that are on top of
them, may also experience damage. Expansion and contraction of the surrounding or
underlying soils can result in shifting, cracking, or other damages to utility lines and
roadways, rendering them useless or impassable. This can result in utility and
transportation interruptions that negatively impact operations and movement.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being slightly more likely. Service delivery was determined
to be a lesser impact consideration. However, each of these areas were considered to be low
risk and impact potential.
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Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.5‐1 (below).
Table 7.5.5‐1
Expansive Soils Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Expansive Soils
Low
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:



Exact location of areas of soils of concern
Exaction location of exposed structures and utilities of concern

7.5.6 Extreme Heat
Background and Vulnerability
Health risks from extreme heat include sunburn, dehydration, heat cramps, heat exhaustion,
and heat stroke. Heat disorders generally result from a reduction or collapse of the body’s
ability to cool itself by circulatory changes and sweating, or a chemical (salt) imbalance
caused by too much sweating. When the body cannot cool itself, or when it cannot
compensate for fluids and salt lost through perspiration, the temperature of the body’s
inner core begins to rise, and heat‐related illness may develop. All other factors being
equal, the severity of heat disorders tends to increase with age. Heat cramps in a 17‐year‐
old may be heat exhaustion in someone who is 40, and heat stroke in a person over 60.
Discussion among the HMPSC members indicated that this hazard posed a risk to people, with
impacts to assets and infrastructure being less likely. Service delivery was determined to be a
greater impact consideration than assets or infrastructure.
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Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.6‐1 (below).
Table 7.5.6‐1
Extreme Heat Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Extreme Heat
Moderate
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the Advisory
Committee determined that the risk assessment would be limited to a qualitative analysis. At
this time, this hazard does not present a significant risk to the City, its assets, its people, or its
operations, and the Committee determined that no further loss estimation should be completed
for this update.
Data that could be collected to improve this assessment prior to the next Plan update includes:




Data regarding temperature thresholds required to maintain operations in each facility
Estimated losses as temperatures increase
Facilities, assets, and populations particularly at risk from increased temperatures,
including locations

7.5.7 Extreme Wind (updated and separated)
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
extreme winds. As a barrier island, winds from tropical systems reach the City before the
mainland, leaving the City to absorb the brunt of the winds. Galveston also receives winds from
storms that move from the mainland into the Gulf of Mexico.
Table 7.5.7‐1 (following) provides information regarding Presidential Disaster Declarations
involving extreme wind that have included the City of Galveston. Note that this list is
representative, and does not include all declared extreme wind events known to have occurred
in Galveston. For a more complete listing of occurrences, please see Section 6.
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Table 7.5.7‐1
Presidentially‐Declared Extreme Wind Disasters in the City of Galveston Since 1961

Declared Extreme Wind Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Disaster or Emergency
Declaration Number

2015

DR‐4245

1998

DR‐1257

Severe Storms, Tornadoes,
Straight‐line Winds, and
Flooding
Severe Storms

Table 7.5.7‐2 (below) details the anticipated wind speeds based on extreme wind events. This
information was obtained from HAZUS‐MH in 2010 and affirmed in 2016.
Table 7.65.7‐2
Extreme Wind Recurrence Intervals

Anticipated Wind Speeds Based on Recurrence Intervals
In MPH:
Average
Minimum
Maximum
Maximum
Variation

10 Year
Event

20 Year
Event

50 Year
Event

100 Year
Event

200 Year
Event

500 Year
Event

67
64
74

86
82
97

111
107
116

124
123
125

133
131
134

144
137
149

1000
Year
Event
151
149
155

10

15

9

2

3

12

6

Figure 7.5.7‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
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Figure 7.5.7‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.7‐3 (below).
Table 7.5.7‐3
Extreme Wind Event Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Extreme Wind
Moderate
Moderate/High

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.7‐4 (below).
Table 7.3.7‐4
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.7‐5 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.7‐5
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.7‐6 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.7‐6
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.7‐7 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.7‐7
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.7‐8 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.7‐8
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077

July 27, 2017 – Page 7‐33

Business
Interruption
$571
$17,641
$118,700
$268,158
$400,462
$604,183
$723,188
$8,380

The City of Galveston, Texas
Section 7: Risk Assessment
HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.7‐9 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 7.5.7‐9
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from extreme wind events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building
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7.5.8 Flooding (updated)
This assessment considered the effects of all flooding that can impact the City of Galveston, its
residents, and assets. This includes coastal, flash and urban flooding, as well as storm surge. No
differentiation was made in the type of flooding for this assessment.
The City of Galveston, as a matter of established policy, mandates evacuations for residents and
non‐essential personnel for any storm anticipated to cause hurricane conditions higher than a
Category 1. Evacuations are mandated beginning with residents of the unprotected West End,
and move east. Tourists and other visitors to the Island are encouraged to evacuate when there
is any threat of tropical or coastal storm, particularly those who are unfamiliar with such
storms. The City does not maintain any official shelter for those residents who choose not to
evacuate, though they have previously offered “shelters‐of‐last‐resort” to those residents who
seek shelter but did not evacuate when ordered.
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
flooding. As a barrier island, flooding from coastal storms is often more severe than on the
mainland. Galveston has been devastated by flooding twice in the past 115 years – once in 1900,
and again in 2008. Despite the protection afforded by the Seawall, Galveston remains
vulnerable to flooding, particularly from the Bay.
Table 7.5.8‐1 (below and following) provides information regarding Presidential Disaster
Declarations involving flooding that have included the City of Galveston. Note that this list is
representative, and does not include all declared flood event known to have occurred in
Galveston. For a more complete listing of occurrences, please see Section 6.
Table 7.5.8‐1
Presidentially‐Declared Flooding Disasters in the City of Galveston Since 1961

Declared Flooding Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Disaster or Emergency
Declaration Number

Severe Storms, Tornadoes,
Straight‐line Winds, and
Flooding
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane

2015

DR‐4245

2008
2008
2008
2005
2005
2003
2002

Hurricane

2001

Severe Storms

1998

DR‐1791 ‐ Hurricane Ike
EM‐3294 – Hurricane Ike
EM‐3290 – Hurricane Gustav
DR‐1606 – Hurricane Rita
EM‐3261 – Hurricane Rita
DR‐1479 – Hurricane Claudette
DR‐1434 – Tropical Storm Fay
DR‐1379 – Tropical Storm
Allison
DR‐1257
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Declared Flooding Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Hurricane

1998

Hurricane
Hurricane

1983
1961

Disaster or Emergency
Declaration Number
DR‐1245 – Tropical Storm
Frances
DR‐689 – Hurricane Alicia
DR‐118 – Hurricane Carla

Figure 7.5.8‐1 (below) shows the land use in the City of Galveston, and the placement of critical
assets. Note the high level of development on the eastern side of the City.
Figure 7.5.8‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
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local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.8‐2 (below).
Table 7.5.8‐2
Flooding Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Flooding
Moderate
Moderate

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
No area of Galveston is truly immune from the risk of flooding. Figure 7.5.8‐2 (following) shows
the identified Special Flood Hazard Areas (SFHA) in the City of Galveston. As shown in the
figure, the only portion of Galveston Island that is “outside” of the SFHA is along the Seawall.
Note that this area does not extend the entire length of the Seawall.
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Figure 7.5.8‐2
Galveston Special Flood Hazard Areas

As seen in the figure above, most of the City lies within a VE zone; the remaining majority lies
within an AE zone. Small areas of the City lay outside of these two identified flood hazard areas.
Figure7.5.8‐3 (following) shows the identified Special Flood Hazard Areas (SFHA) in the City of
Galveston, and notes the identified historic neighborhoods and structures within those hazard
areas. Based on information from the City’s Historic Preservation Officer (obtained during the
2010 plan development process), and from the Texas Historical Commission, all structures east
of 61st Street may be eligible for inclusion in a registry of historic assets. This map notes those
structures where a determination has been made. Note that this map does not include the West
End of Galveston, as few historic structures have been identified on property within the City of
Galveston.
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Figure 7.5.8‐3
Galveston Special Flood Hazard Areas with Historic Assets Noted

Flooding Risk to Galveston Critical Facilities
Galveston experienced a high damage rate to its critical facilities because of Hurricane Ike.
Virtually the entirety of the water and wastewater systems were either damaged or destroyed.
Many damaged elements have yet to be fully repaired, pending negotiations with FEMA and
availability of funding, materials, equipment and contractors for work. City Hall was damaged,
and portions were rendered unusable for months until repairs could be made. In addition, two
fire stations were destroyed.
As part of the plan development process, the Stakeholder Committee and Galveston City Staff
identified specific critical facilities for the City of Galveston. The complete list of these facilities,
their estimated replacement values, and their content values (where applicable) can be found in
the Tabular Data appendix.
Table 7.5.8‐3 (following) provides details of the City‐identified critical assets and their level of
exposure to flooding.
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Table 7.5.8‐3
Galveston Critical Assets and Flood Risk
Galveston Critical Assets and Identified Flood Risk
SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Administration

Yes

No

NA

NA

NA

NA

NA

Administration

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

COG Galveston
Critical Asset

Asset Type

Office
Office/Shop/Fence/Fla
g Pole

Asset
Values
$0
$961,875

Offices/Terminal

Airport

Yes

No

NA

NA

NA

NA

NA

$1,265,625

Runway Lights

Airport

Yes

No

NA

NA

NA

NA

NA

$405,000

Control
Tower/Generator

Airport

Yes

No

NA

NA

NA

NA

NA

$1,703,502

City Hall/Tower

City Hall

Yes

No

NA

NA

NA

NA

NA

$4,583,576

EMS Station

EMS

No

Yes

6.4'

10.3'

14.5'

17.1'

20.1'

$297,500

Fire Station #8

Fire Station

Yes

No

5.7'

10.6'

14.6'

17.9'

21'

$242,142

Fire Station #2

Fire Station

No

No

NA

9.7'

13.6'

17.1'

20'

$276,587

Fire Station #3

Fire Station

No

Yes

NA

NA

NA

NA

NA

$315,338

Fire Station #7

Fire Station

Yes

No

5.3'

10.5'

14.5'

17.8'

20.9'

$471,162

Fire/EMS Station #5

Fire Station

Yes

No

NA

9.7'

13.7'

17.1'

20'

$0

Fire Department
Station #4

Fire Station

Yes

No

NA

NA

NA

NA

NA

$3,895,594

Diesel Storage Tank

Fuel

Yes

No

NA

NA

NA

NA

NA

$18,043

Gas Building

Fuel

Yes

No

NA

NA

NA

NA

NA

$26,244

Auto Repair

Garage

Yes

No

NA

NA

NA

NA

NA

$1,387,446

Parking

Garage

Yes

No

NA

NA

NA

NA

NA

$120,046

Maintenance Bldg

Garage

Yes

No

NA

NA

NA

NA

NA

$165,255

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$115,330

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$146,597

Dwelling

Housing

No

Yes

5.4'

7.7'

14.5'

17.9'

20.9'

$153,773

Dwelling

Housing

Yes

No

NA

NA

NA

NA

NA

$157,874

Police Property
Room/Fence

Law Enforcement

Yes

No

NA

NA

NA

NA

NA

$76,579

Public Safety
Building/Flag
Pole/Generator

Law Enforcement

Yes

No

NA

NA

NA

NA

NA

$4,400,073

Police Department

Law Enforcement

Yes

No

NA

9.7'

13.7'

17.1'

20'

$5,080,058

Comfort Station

Parks &
Recreation

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$80,167

Lights

Parks &
Recreation

Yes

No

5.1'

10.2'

14.2'

17.4'

20.2'

$30,755

Playground Equipment

Parks &
Recreation

Yes

No

5.1'

10.2'

14.2'

17.4'

20.2'

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$41,006

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$32,805
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COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$35,880

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$55,358

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$26,654

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$49,208

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$20,503

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$16,403

Playground Equipment

Parks &
Recreation

No

Yes

NA

NA

13.5'

17.2'

20.1'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

5.1'

9.7'

13.6'

17.1'

20'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

NA

9.7'

13.6'

17.1'

20'

$61,509

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

13.5'

17.2'

20.1'

$46,132

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$25,629

Lights

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$26,654

Recreation Center

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$1,750,762

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$98,415

Seawall Convention
Ctr/Flg Poles/Lgt
Poles/Marquis

Parks &
Recreation

No

No

6.4'

10.3'

14.1'

17.2'

20'

$49,737,198

Playground Equipment

Parks &
Recreation

No

No

NA

NA

NA

NA

NA

$71,761

Pavilion‐Basketball

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA

$266,131

Recreation Center

Parks &
Recreation

Yes

No

6.4'

10.3'

14.5'

17.1'

20.1'

Playground Equipment

Parks &
Recreation

Yes

No

NA

NA

NA

NA

NA
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COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Pavilion

Parks &
Recreation

Yes

No

6.4'

10.3'

14.5'

17.1'

20.1'

$86,831

Generating Plant Bldg

Public Utilities

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$392,840

Elec/Control
Building/Generator

Public Utilities

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$98,415

Lift Station #1

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$50,233

Lift Station #2

Public Utilities

No

No

5.3'

10.5'

14.4'

17.7'

20.8'

$30,755

Lift Station #3

Public Utilities

Yes

No

5.3'

10.4'

14.4'

17.7'

20.7'

$43,057

Lift Station #4

Public Utilities

No

No

5.1'

10.4'

14.4'

17.6'

20.6'

$32,805

Lift Station #5

Public Utilities

No

Yes

NA

NA

NA

NA

NA

$43,057

Lift Station #6

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$30,755

Main Bldg/Control
Blower

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$72,171

Lift Station #2A

Public Utilities

No

Yes

NA

NA

NA

NA

NA

$112,767

Lift Station #6

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$151,006

Asset
Values

Lift Station #7

Public Utilities

Yes

No

5.1'

9.7'

13.6'

17.1'

20'

$136,756

Lift Station #21

Public Utilities

Yes

No

5.1'

10'

14'

17.3'

20.4'

$128,760

Lift Station #29

Public Utilities

Yes

No

6.4'

10.5'

14.4'

17.7'

20.6'

$84,575

Lift Station #1

Public Utilities

Yes

No

5.4'

10.5'

14.5'

17.9'

20.9'

$102,516

Lift Station #3

Public Utilities

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$102,516

Lift Station #7

Public Utilities

Yes

No

NA

NA

NA

NA

NA

$102,516

Lift Station #5

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$102,516

Lift Station #6

Public Utilities

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$102,516

Lift Station #4

Public Utilities

Yes

No

5.2'

10.4'

14.3'

17.5'

20.6'

Public Works

Public Works

Yes

No

NA

NA

NA

NA

NA

$102,516
$2,121,253

Sanitation Office

Public Works

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$421,749

Office Building

Recycling

Yes

No

5.1'

9.8'

13.8'

17.1'

20.1'

$66,635

Storage/Construction
Office

Storage

Yes

No

NA

NA

NA

NA

NA

$50,643

Traffic Sign Bldg

Storage

Yes

No

NA

NA

NA

NA

NA

$109,692

Computer Equipment

Storage

Yes

No

NA

NA

NA

NA

NA

$0

Storage (Old Fire
Station)

Storage

Yes

No

NA

NA

NA

NA

NA

$304,164

Chlorine Bldg

Storage

Yes

No

NA

NA

NA

NA

NA

$5,228

Workshop/Storage

Storage

Yes

No

5.1'

9.8'

13.8'

17.1'

20.1'

$7,996

Phone Systems

Support

Yes

No

NA

NA

NA

NA

NA

$0

Radio/Electronic
Equipment

Support

Yes

No

NA

NA

NA

NA

NA

$0

Scale House

Support

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$27,884

Rentals/Fence

Support

Yes

No

NA

NA

NA

NA

NA

$139,011

Rentals

Support

Yes

No

NA

NA

NA

NA

NA

$55,769

Printing Office

Support

Yes

No

NA

NA

NA

NA

NA

$41,006
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SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Support

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

Offices/Bus
Repair/Tower/Fence

Transit

Yes

No

NA

NA

NA

NA

NA

$3,796,875

Trolley Barn

Transit

Yes

No

NA

NA

NA

NA

NA

$911,250

Digester

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$102,516

Blower
Bldg/Office/Generator

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,290,672

Chlorine Building

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$21,842

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Clarifier Tank

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

Transfer Station Bldg

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$355,524

Sludge Screen

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$124,044

30th St Pump Station

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,264,428

Pump House

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$72,376

Pump Station

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$156,541

Pump Station

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$114,202

Pump/Blower Bldg

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$297,295

Sewage Lift Pump
House

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$57,614

Thickner Tank

Water/Wastewat
er

Yes

No

NA

NA

NA

NA

NA

$124,044

Parts Storage

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$361,778

Sludge Press Building

Water/
Wastewater

Yes

No

NA

9.9'

13.8'

17.1'

20.1'

$1,537,734

190k gal Clarifier Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$439,690

84k gal Digester Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$128,247

COG Galveston
Critical Asset

Asset Type

Generator & Shelter
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COG Galveston
Critical Asset

Asset Type

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

15k gal Pressure Tank

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$48,387

15k gal Pressure Tank

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$48,387

160k gal Aerator Tank

Water/
Wastewater

Yes

No

5.2'

10.4'

14.4'

17.6'

20.7'

$419,084

SBR/Headworks/Chlo
rine/Digester

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$517,396

SBR
Treatment/Sludge/Aer
ation/Controls

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$638,467

Operations
Building/Generator

Water/
Wastewater

Yes

No

5.8'

10.6'

14.7'

18'

21.1'

$848,829

460k gal Ground
Water Tank #1

Water/Wastewat
er

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$289,402

460k gal Ground
Water Tank #2

Water/
Wastewater

Yes

No

5.1'

10.4'

14.4'

17.6'

20.6'

$289,402

Main Bldg

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$6,663,516

Generator
Bldg/Generator #1

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,332,703

Generator
Bldg/Generator #2

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,332,703

Disinfectant
Bldg/Chlorination
System

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$1,145,612

Flow Control Bldg &
Equipment

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$86,113

Improvements &
Equipment

Water/
Wastewater

Yes

No

NA

NA

NA

NA

NA

$6,216,137

A SLOSH model was developed as part of the HAZUS‐MH run described earlier in this
assessment. A series of figures was generated, showing the levels of storm surge inundation
that could be expected for each category of hurricane. Those figures were developed to show
both the entire City and include critical assets as defined by the City. Those images appear on
the pages that follow.
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Figure 7.5.8‐4
SLOSH – Category 1
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Figure 7.5.8‐5
SLOSH – Category 2
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Figure 7.5.8‐6
SLOSH – Category 3
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Figure 7.5.8‐7
SLOSH – Category 4
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Figure 7.5.8‐8
SLOSH – Category 5

Flooding Risk to Galveston Historic Assets
As part of the plan development process, the Stakeholder Committee and Galveston City Staff
identified specific historic assets in the City of Galveston. The complete list of these assets can
be found in the Tabular Data appendix.
Table 7.5.8‐4 (following) provides details of the City‐identified historic assets and their level of
exposure to flooding.
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Table 7.5.8‐4
Galveston Historic Assets and Flood Risk
Galveston Historic Assets and Flood Risk
SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

National
National
National
National
National

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

National
National
National
National

Yes
Yes
Yes
Yes

No
No
No
No

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

National

Yes

No

NA

NA

NA

NA

NA

National
National
National

Yes
Yes
Yes

No
No
No

NA
NA
5.8'

NA
NA
9.8'

NA
NA
13.8'

NA
NA
17.1'

NA
NA
20'

National

Yes

No

NA

NA

NA

NA

NA

U.S. National Bank
Ashton Villa

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Beissner, Henry,
House
Bishop's Palace

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Galveston Orphans
Home
Galvez Hotel

National
National

Yes
No

No
No

NA
NA

NA
9.7'

NA
13.6'

NA
17.1'

NA
20.1'

Grace Episcopal
Church
Grand Opera House

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Hagemann, John,
House

National

Yes

No

NA

NA

NA

NA

NA

McKinney‐
McDonald House

National

Yes

No

NA

9.7'

13.6'

17.1'

20'

Galveston Historic
Asset

Lasker Home for
Homeless Children
Building at 1925‐
1927 Market Street
Building at 1921‐
1921 1/2 Avenue D
City Hall
Eiband's
House at 2528
Postoffice St.
I.O.O.F. Lodge
Marschner Building
Model Laundry
Pix Building
Reedy Chapel‐AME
Church
Robinson Building
Rosenberg Library
Scottish Rite
Cathedral
Star Drug Store
Texas Building
City National Bank
First Evangelical
Lutheran Church
House at 2017‐2023
Avenue I
Jean Lafitte Hotel
Merimax Building
Shaw, M. W.,
Building

Designation
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Galveston Historic
Asset

Designation

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Menard, Michel B.,
House

National

Yes

No

NA

NA

NA

NA

NA

Old Galveston
Customhouse

National

Yes

No

NA

NA

NA

NA

NA

Powhatan House
St. Mary's Cathedral

National
National

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

St. Joseph's Church

National

Yes

No

NA

NA

NA

NA

NA

Trueheart‐Adriance
Building

National

Yes

No

NA

NA

NA

NA

NA

Williams, Samuel
May, House

National

No

Yes

NA

9.6'

13.4'

17.2'

20.1'

Ashbel Smith
Building

National

Yes

No

5.8'

9.8'

13.7'

17.1'

20'

First Presbyterian
Church

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

Kempner, Daniel
Webster, House
Sealy, George,
House

National

Yes

No

NA

NA

NA

NA

NA

Trinity Protestant
Episcopal Church

National

Yes

No

NA

NA

NA

NA

NA

Sweeney‐Royston
House

National

Yes

No

NA

NA

NA

NA

NA

Steffens‐‐Drewa
House Complex

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National

Yes

No

NA

NA

NA

NA

NA

National

No

Yes

NA

9.7'

13.6'

17.1'

20.1'

National

Yes

No

NA

NA

NA

NA

NA

National
National
Local
Local

Yes
Yes
Yes
No

No
No
No
Yes

NA
NA
6.4'
6.4'

NA
NA
10.3'
10.3'

NA
NA
14.5'
14.5'

NA
NA
17.1'
17.1'

NA
NA
20.1'
20.1'

Local
Local

No
Yes

Yes
No

NA
NA

9.6'
NA

13.4'
NA

17.2'

20.1'

Local
Local

No
Yes

Yes
No

NA
NA

9.6'
NA

13.4'
NA

17.2'
NA

20.1'
NA

Willis‐‐Moody
Mansion
Hutchings, Sealy,
House
Illies Building‐‐
Justine Apartments
Melrose Apartment
Building
Galveston US Post
Office, Custom
House and
Courthouse
Levy, E.S., Building
2512 Ave P 1/2
2012 29th St
The Christian
Wolfer House
Garten Verein
Samuel May
Williams Home
Hitchcock House
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Galveston Historic Assets and Flood Risk
Galveston Historic
Asset

Ashton Villa
Sealy Garage
City Hall
2125 Church
Texas Building
2219 Market
J Reymershoffer
Building
Tremont Hotel
30th St Pump
Station
Galveston Cemetery
Galveston Cemetery
Medical Arts
Building
Smith House
Purity Ice Cream
Sign
John Davidson
Samuel Moore
Penland House
Schmidt House
Mt. Olive Missionary
Baptist Church
Alley House
Star State Co No.3
Fire House

SFHA
100 Year

SFHA
500 Year

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Local
Local
Local
Local
Local
Local

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local
Local
Local

Yes
Yes
Yes

No
No
No

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local

Yes

No

NA

9.7'

13.6'

17.1'

20'

Local
Local

Yes
Yes

No
No

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Local
Local

Yes
No

No
Yes

NA
NA

NA
9.7'

NA
13.6'

NA
17.1'

NA
20'

Local

Yes

No

NA

NA

NA

NA

NA

Designation

A SLOSH model was developed as part of the HAZUS‐MH run described earlier in this
assessment. A series of figures was generated, showing the levels of storm surge inundation
that could be expected for each category of hurricane. Those figures were developed to show
historic assets in the City. Those images appear on the pages that follow.
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Figure 7.5.8‐9
SLOSH – Category 1 – Historic Structures
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Figure 7.5.8‐10
SLOSH – Category 2 – Historic Structures
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Figure 7.5.8‐11
SLOSH – Category 3 – Historic Structures
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Figure 7.5.8‐12
SLOSH – Category 4 – Historic Structures
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Figure 7.5.8‐13
SLOSH – Category 5 – Historic Structures

Flooding Risk to Galveston Repetitive Loss Structures
As of July 31, 2015, there were 492 properties designated as RL in the City of Galveston. An
additional 27 properties were designated as SRL.
Risk Assessment Conclusions
With very few exceptions, all areas of the City have some level of flood risk. The City is aware of
this risk, and places flood mitigation as a priority.
Data to collect to improve this methodology prior to the Plan Update includes:



Data regarding building construction (materials, protection systems, etc.)
Data regarding first flood elevations for each building
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7.5.9 Hail
Background and Vulnerability
All assets within the City are known to have at least some vulnerability to the hail hazard. The
most vulnerable assets are fleet vehicles and rooftop mounted equipment (solar panels, satellite
dishes, communications antenna, etc.). It is possible that modern buildings could sustain roof
damage, or that windows could be broken, but – based on the historical record of occurrence –
this is unlikely in all but the most severe hail events. The many historic structures in the City
may be more vulnerable to the hazard, as the construction methods used for these buildings
would not have been as hardened as modern construction methods.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.9‐1 (below).
Table 7.5.9‐1
Hail Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Hail
Low
Low/Moderate

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:




Specific damages to assets (buildings, cars, etc.) from hail
Specific damages to infrastructure (communications, satellites, etc.) from hail
Value of all assets potentially exposed to hail (particularly fleet vehicles)

7.5.10 Hazardous Materials Incident (updated)
Background and Vulnerability
Depending on the severity of the incident, the potential impact to life and property is great in
Galveston. Incidents can cause multiple fatalities, completely shut down facilities (and the
surrounding area) for days or weeks, and cause extensive property and infrastructure damage.
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Weather conditions can directly impact how a hazardous materials incident develops or can be
the initiator of the incident, as in the case of unprotected facilities inundated by storm surge.
Non‐compliance with fire and building codes can substantially increase damage from an
incident, as the containment features may not be up to standards.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.10‐1 (below).
Table 7.5.10‐1
Hail Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Hazardous
Materials
Low/Moderate
Low
Incident

Infrastructure

Service Delivery

Low

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:


Specific evacuation/containment areas for specific release scenarios

7.5.11

Lightning (updated)

Background and Vulnerability
Lightning is the leading cause of weather‐related personal injuries. Perhaps because lightning is
a common weather phenomenon, most people do not take the associated risks of exposure to
lightning as seriously as they should.
Lightning is a major cause of storm related deaths in the US, out pacing hurricanes and tornados
in most years. A lightning strike can result in a cardiac arrest (heart stopping) at the time of the
injury, although some victims may appear to have a delayed death a few days later if they are
resuscitated but have suffered irreversible brain damage.
In addition to the impact lightning can have on people, lightning can have significant impact on
property, including utility infrastructure, such as lift stations and electrical sub‐stations.
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Lightning is the leading natural cause of wildfires, and can lead to structure fires as well. The
historic structures and districts are particularly vulnerable, as they are primarily wood‐frame
construction and are often closer together than modern residences.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.11‐1 (below).
Table 7.5.11‐1
Lightning Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Lightning
Low
Low

Infrastructure

Service Delivery

Low

Low

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Specific assets that have lightning protection
Specific systems and networks that are vulnerable to lightning and resulting electrical
surges

7.5.12

Sea Level Change (updated)

Background and Vulnerability
In Galveston, sea level rise has slow‐moving implications for the entire planning area. Galveston
has a wide array of infrastructure, including water and sewer lines and vital roadways, which
run parallel to the coast, and would be at risk of inundation if the water in the Gulf of Mexico
continues to rise at its current rate. In addition, there are at least 25 residential structures that
are seaward of the 200‐foot line, and are likely to be affected by sea level rise sooner than
others.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
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and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.12‐1 (below
Table 7.5.12‐1
Sea Level Change Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Sea Level
Low
Low/Moderate
Change

Infrastructure

Service Delivery

Low/Moderate

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Elevation of at‐risk assets and infrastructure
Coordinated efforts between local, state, and federal entities that monitor shoreline and
sea level changes

7.5.13

Severe Winter Storm

Background and Vulnerability
Heavy accumulations of ice can bring down trees and topple utility poles and communication
towers. Ice can disrupt communications and power for days while utility companies repair
damage. Even small accumulations of ice can be severely dangerous to motorists and
pedestrians. Bridges and overpasses are particularly dangerous because they freeze before
other surfaces.
Severe winter weather can bring the City of Galveston to a standstill by inhibiting outdoor
activities, knocking down trees and utility lines, and by inhibiting transportation routes.
In addition to the threat posed to humans, severe winter storms pose a significant threat to
utility production, which in turn threatens facilities and operations that rely on utilities,
specifically climate stabilization. As temperatures drop and stay low, increased demand for
heating places a strain on the electrical grid, which can lead to temporary outages.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
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(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.13‐1 (below).
Table 7.5.13‐1
Severe Winter Storm Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Severe Winter
Low
Low/Moderate
Storm

Infrastructure

Service Delivery

Low

Low/Moderate

Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Specific transportation routes that are slated for clearing or salting first
Specific water lines that are more likely to freeze or burst because of cold

7.5.14

Tsunami (updated)

Background and Vulnerability
Tsunamis can cause great property damage and loss of life where they come ashore, with most
fatalities resulting from drowning. Associated risks include water pollution, saltwater
inundation, damaged infrastructure, and extensive flooding.
Methodology and Limitations
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.14‐1 (below).
Table 7.5.14‐1
Tsunami Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Tsunami
Low
Low

Infrastructure

Service Delivery

Low

Low
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Risk Assessment Conclusions
After discussion and review of the best available data regarding this hazard, the HMPSC
determined that the risk assessment would be limited to a qualitative analysis. At this time, this
hazard does not present a significant risk to the City, its assets, its people, or its operations, and
the Committee determined that no further loss estimation should be completed for this update.
Data to collect to improve this methodology prior to the next Plan update includes:



Inundation areas based on tsunami wave heights, and assets contained within those
areas
Inundation areas based on tsunami wave heights, and infrastructure contained within
those areas

7.5.15

Wildfire/Urban Fire (updated)

Background and Vulnerability
The interface problem has escalated over the previous few decades, primarily due to increases in
population, urban expansion, land‐management decisions, and the desire of humans to
intermingle with nature. The relationship between humans, their property and wild land areas
has significantly increased human exposure to wild fires, and has increased the potential for
wildfires to spread to urban areas.
More and more people are choosing to live in woodland settings or near forests or rural areas.
Many of these homes are nestled in classic fire‐interface hazard zones, such as ridgelines or cliff
edges. This placement increases the property’s exposure to wild land fire interface incidents.
Years of fire suppression practices have significantly disturbed natural fire occurrences. Nature
uses wildfire as a renewal process, and suppression practices can interrupt this cycle. The result
has been a gradual but steady accumulation of understory and canopy fuels. These fuels can feed
high‐energy, intense wildfires and further increase the hazards from and exposure to wild land
interface problems.
There have been at least 4 federal emergency or fire assistance declarations related to wildfire /
urban fire that included the City of Galveston. Table 7.5.15‐1 (below) lists these declared events.
Table 7.5.15‐1
Presidential Wildfire / Urban Fire Emergency Declarations including the City of Galveston Since 1993

Wildfire / Urban Fire Declarations Including the City of Galveston, 1993‐2015
Disaster Type

Year of Declaration

Extreme Fire Hazard
Severe Wildfire Potential
Fire Emergency
Extreme Fire Hazard

1999
1998
1996
1993
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Emergency Declaration
Number
3142‐EM
3137‐EM
3117‐EM
3113‐EM
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Figure 7.5.15‐1 (below) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City.
Figure 7.5.15‐1
Land Cover in Galveston, TX

Figure 7.5.15‐2 (following) shows the land use in the City of Galveston. Note the density of
development on the eastern side of the City.

July 27, 2017 – Page 7‐64

The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.15‐2
Land Use in Galveston, TX

Methodology and Limitations
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.15‐2 (following).
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Table 7.5.15‐2
Wildfire/Urban Fire Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Wildfire / Urban
Low/Moderate
Moderate
Fire

Infrastructure

Service Delivery

Low/Moderate

Low/Moderate

Quantitative
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources. Where possible, existing qualitative data regarding risks and
vulnerabilities in Galveston was used, such as data from previous mitigation plans and other
planning efforts. As such, the data presented in this section is a hybrid of existing data and
newly developed/refined data, often extracted from local, state, and federal sources. Where
applicable, the limitations of data on such a small scale, such as a municipality, have been noted.
Where planning assumptions were made, those assumptions have been noted and detailed.
Every effort has been made to create an assessment that successfully details and quantifies the
City’s current risks and vulnerabilities.
Wildfire/Urban Fire Incident Risk to Galveston Assets
Figures 7.5.15‐3 (following) and 7.5.15‐4 (following) illustrates the current Wildland Fire
Potential, as determined by the US Forest Service, as well as the location of critical assets within
the City.

July 27, 2017 – Page 7‐66

The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.15‐3
Galveston Assets and Wildland Fire Potential
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Figure 7.5.15‐4
Galveston Assets and Wildland Fire Potential

As seen in the preceding figures, large portions of the City as classified as either very low or
non‐burnable in their Wildland Fire Potential rating.
The City of Galveston Fire Department responds to both wildfire and urban fire calls, and
maintains records of each call for assistance received:






2011:
2012:
2013:
2014:
2015:

6,579 calls for assistance
6,736 calls for assistance
6,314 calls for assistance
7,087 calls for assistance
6,716 calls for assistance

Certain types of calls are further broken out in Table 7.5.15‐3 (following).
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Table 7.5.15‐3
Select Details of Galveston Fire Department Calls

Year

Structure
Fire

2011
2012
2013
2014
2015

154
121
97
100
99

Galveston Fire Department Calls 2011‐2015
Vehicle
Electrical
Dumpster Brush
Fire
or
or Rubbish Fire
Equipment Fire
23
249
70
16
34
125
71
14
29
111
65
11
36
133
76
14
42
139
56
10

Grass
Fire
61
29
27
20
17

Natural
Vegetation
Fire
10
13
3
4
1

Wildfire/Urban Fire Risk to Galveston Historic Assets
Fire is a hazard of concern to historic structures. Most of the historic structures in Galveston,
and almost all the residential historic structures, are wood frame construction that catch and
burn easily. This increases their vulnerability to fire dramatically over residential structures
construction of more fire‐resistant materials.
In addition to the vulnerability of the structures themselves, the threat of fire spreading
through historic neighborhoods is also a concern. This is what happened during the Great
Galveston Fire of 1885. In that fire, 568 structures were lost, with damages incurred over 42
City blocks. Figure 7.5.15‐5 (following) illustrates the path of the 1885 Fire in relation to the
currently‐designated historic neighborhoods and residences in the City of Galveston.
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Figure 7.5.25‐5
Historic Structures and Neighborhoods in Galveston and the Path of the 1885 Fire

Based on the historic accounts of the fire, and using the most current median home price in
Galveston, it is possible to estimate the potential loss if such an event were to occur today. If
the 1885 fire were to happen today, and the structures in the same locations were to burn, this
would mean an estimated property loss of at least $4,608,688 (2015 dollars).
Table 7.5.15‐4 (below and following) provides details of the wildland fire potential exposure of
the City’s historic assets.
Table 7.5.15‐4
Galveston Historic Assets Wildland Fire Potential Exposure

Galveston Historic Assets and Wildland Fire Exposure
Historic Property Name
Designation
WFP Class
Lasker Home for Homeless Children National
Non‐Burnable
Building at 1925‐1927 Market
National
Non‐Burnable
Street
Building at 1921‐1921 1/2 Avenue
National
Non‐Burnable
D
City Hall
National
Non‐Burnable
Eiband's
National
Non‐Burnable
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Historic Property Name
Designation
WFP Class
House at 2528 Postoffice St.
National
Non‐Burnable
I.O.O.F. Lodge
National
Non‐Burnable
Marschner Building
National
Non‐Burnable
Model Laundry
National
Non‐Burnable
Pix Building
National
Non‐Burnable
Reedy Chapel‐AME Church
National
Non‐Burnable
Robinson Building
National
Non‐Burnable
Rosenberg Library
National
Non‐Burnable
Scottish Rite Cathedral
National
Non‐Burnable
Star Drug Store
National
Non‐Burnable
Texas Building
National
Non‐Burnable
City National Bank
National
Non‐Burnable
First Evangelical Lutheran Church
National
Non‐Burnable
House at 2017‐2023 Avenue I
National
Non‐Burnable
Jean Lafitte Hotel
National
Non‐Burnable
Merimax Building
National
Non‐Burnable
Shaw, M. W., Building
National
Non‐Burnable
U.S. National Bank
National
Non‐Burnable
Ashton Villa
National
Non‐Burnable
Beissner, Henry, House
National
Non‐Burnable
Bishop's Palace
National
Non‐Burnable
Galveston Orphans Home
National
Non‐Burnable
Galvez Hotel
National
Non‐Burnable
Grace Episcopal Church
National
Non‐Burnable
Grand Opera House
National
Non‐Burnable
Hagemann, John, House
National
Non‐Burnable
McKinney‐McDonald House
National
Non‐Burnable
Menard, Michel B., House
National
Non‐Burnable
Old Galveston Customhouse
National
Non‐Burnable
Powhatan House
National
Non‐Burnable
St. Mary's Cathedral
National
Non‐Burnable
St. Joseph's Church
National
Non‐Burnable
Trueheart‐Adriance Building
National
Non‐Burnable
Williams, Samuel May, House
National
Non‐Burnable
Ashbel Smith Building
National
Non‐Burnable
First Presbyterian Church
National
Non‐Burnable
Kempner, Daniel Webster, House
National
Non‐Burnable
Sealy, George, House
National
Non‐Burnable
Trinity Protestant Episcopal Church National
Non‐Burnable
Sweeney‐Royston House
National
Non‐Burnable
Steffens‐‐Drewa House Complex
National
Non‐Burnable
Willis‐‐Moody Mansion
National
Non‐Burnable
Hutchings, Sealy, House
National
Non‐Burnable
Illies Building‐‐Justine Apartments
National
Non‐Burnable
Melrose Apartment Building
National
Non‐Burnable
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Historic Property Name
Designation
WFP Class
Galveston US Post Office, Custom
National
Non‐Burnable
House and Courthouse
Levy, E.S., Building
National
Non‐Burnable
2512 Ave P 1/2
Local
Non‐Burnable
2012 29th St
Local
Non‐Burnable
The Christian Wolfer House
Local
Non‐Burnable
Garten Verein
Local
Non‐Burnable
Samuel May Williams Home
Local
Non‐Burnable
Hitchcock House
Local
Non‐Burnable
Ashton Villa
Local
Non‐Burnable
Sealy Garage
Local
Non‐Burnable
City Hall
Local
Non‐Burnable
2125 Church
Local
Non‐Burnable
Texas Building
Local
Non‐Burnable
2219 Market
Local
Non‐Burnable
J Reymershoffer Building
Local
Non‐Burnable
Tremont Hotel
Local
Non‐Burnable
30th St Pump Station
Local
Non‐Burnable
Galveston Cemetery
Local
Very Low
Galveston Cemetery
Local
Very Low
Medical Arts Building
Local
Non‐Burnable
Smith House
Local
Non‐Burnable
Purity Ice Cream Sign
Local
Non‐Burnable
John Davidson Samuel Moore
Local
Non‐Burnable
Penland House
Schmidt House
Local
Non‐Burnable
Mt. Olive Missionary Baptist Church Local
Non‐Burnable
Alley House
Local
Non‐Burnable
Star State Co No.3 Fire House
Local
Non‐Burnable

Wildfire/Urban Fire Risk to Galveston Critical Facilities
The below and following table (Table 7.5.15‐5) provides details of the wildland fire potential
exposure of Galveston critical assets.
Table 7.5.15‐5
Galveston Critical Assets Wildland Fire Potential Exposure

Galveston Critical Assets and Wildland Fire Potential
Galveston Critical Asset

Asset Type

Office

Administration

Office/Shop/Fence/Flag Pole

Administration

Offices/Terminal

Airport

Runway Lights

Airport

WFP Class
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
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Values
$0

$100,000

$961,875

$75,000

$1,265,625

$200,000

$405,000

$200,000
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Galveston Critical Asset

Asset Type

Office

Administration

Control Tower/Generator

Airport

City Hall/Tower

City Hall

EMS Station

EMS

Fire Station #8

Fire Station

Fire Station #2

Fire Station

Fire Station #7

Fire Station

Fire/EMS Station #5

Fire Station

Fire Department Station #4
Diesel Storage Tank
Gas Building

Fire Station
Fuel
Fuel

Auto Repair

Garage

Parking

Garage

Maintenance Bldg

Garage

Dwelling

Housing

Dwelling

Housing

Dwelling

Housing

Dwelling

Housing

Police Property Room/Fence

Law Enforcement

Public Safety Building/Flag
Pole/Generator

Law Enforcement

Police Department

Law Enforcement

Comfort Station
Lights
Playground Equipment

Parks & Recreation
Parks & Recreation
Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

Lights

Parks & Recreation

WFP Class
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
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$0

$100,000

$1,703,502

$200,000

$4,583,576

$1,000,000

$297,500

$0

$242,142

$75,000

$276,587

$75,000

$471,162

$50,000

$0

$150,000

$3,895,594
$18,043
$26,244

$100,000
$120,000
$0

$1,387,446

$200,000

$120,046

$0

$165,255

$50,000

$115,330

$0

$146,597

$0

$153,773

$0

$157,874

$0

$76,579

$30,000

$4,400,073

$950,000

$5,080,058

$992,380

$80,167
$30,755
$25,629

$0
$0
$0

$41,006

$0

$32,805

$0

$35,880

$0

$55,358

$0

$26,654

$0
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Galveston Critical Asset

Asset Type

Office

Administration

Lights
Lights
Lights
Lights
Lights

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Playground Equipment

Parks & Recreation

Lights

Parks & Recreation

Playground Equipment

Parks & Recreation

Lights

Parks & Recreation

Recreation Center

Parks & Recreation

Playground Equipment

Parks & Recreation

Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment

Parks & Recreation
Parks & Recreation

Pavilion‐Basketball

Parks & Recreation

Recreation Center

Parks & Recreation

Playground Equipment

Parks & Recreation

Pavilion

Parks & Recreation

Generating Plant Bldg

Public Utilities

Elec/Control Building/Generator

Public Utilities

Lift Station #1

Public Utilities

Lift Station #2
Lift Station #3
Lift Station #4

Public Utilities
Public Utilities
Public Utilities

Lift Station #5

Public Utilities

WFP Class
Non‐
burnable
Very Low
Very Low
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Low
Very Low
Very Low
Non‐
burnable
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$0

$100,000

$20,503
$49,208
$20,503
$20,503
$16,403

$0
$0
$0
$0
$0

$61,509

$0

$61,509

$0

$61,509

$0

$25,629

$0

$46,132

$0

$25,629

$0

$26,654

$0

$1,750,762

$150,000

$98,415

$0

$49,737,198

$1,000,000

$71,761

$0

$266,131

$0

$3,249,540

$150,000

$512,578

$0

$86,831

$0

$392,840

$120,000

$98,415

$82,000

$50,233

$0

$30,755
$43,057
$32,805

$0
$0
$0

$43,057

$0
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Galveston Critical Asset

Asset Type

Office

Administration

Lift Station #6

Public Utilities

Main Bldg/Control Blower

Public Utilities

Lift Station #2A

Public Utilities

Lift Station #6

Public Utilities

Lift Station #7

Public Utilities

Lift Station #21

Public Utilities

Lift Station #29

Public Utilities

Lift Station #1
Lift Station #3

Public Utilities
Public Utilities

Lift Station #7

Public Utilities

Lift Station #5
Lift Station #6
Lift Station #4

Public Utilities
Public Utilities
Public Utilities

Public Works

Public Works

Sanitation Office

Public Works

Office Building

Recycling

Storage/Construction Office

Storage

Traffic Sign Bldg

Storage

Computer Equipment

Storage

Storage (Old Fire Station)

Storage

Chlorine Bldg

Storage

Workshop/Storage

Storage

Phone Systems

Support

Radio/Electronic Equipment

Support

Scale House
Rentals/Fence
Rentals

Support
Support
Support

Printing Office

Support

Generator & Shelter

Support

WFP Class
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Very Low
Non‐
burnable
Very Low
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$0

$100,000

$30,755

$0

$72,171

$125,000

$112,767

$0

$151,006

$0

$136,756

$0

$128,760

$0

$84,575

$0

$102,516
$102,516

$0
$0

$102,516

$0

$102,516
$102,516
$102,516

$0
$0
$0

$2,121,253

$200,000

$421,749

$50,000

$66,635

$25,000

$50,643

$0

$109,692

$300,000

$0

$1,000,000

$304,164

$0

$5,228

$0

$7,996

$0

$0

$450,000

$0

$692,380

$27,884
$139,011
$55,769

$0
$0
$0

$41,006

$50,000

$81,910

$0
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Galveston Critical Asset

Asset Type

WFP Class

Office

Administration

Offices/Bus Repair/Tower/Fence

Transit

Trolley Barn

Transit

Digester

Water/Wastewater

Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low

Blower Bldg/Office/Generator

Water/Wastewater

Chlorine Building
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen

Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

30th St Pump Station

Water/Wastewater

Pump House

Water/Wastewater

Pump Station

Water/Wastewater

Pump Station

Water/Wastewater

Pump/Blower Bldg

Water/Wastewater

Sewage Lift Pump House

Water/Wastewater

Thickner Tank

Water/Wastewater

Parts Storage

Water/Wastewater

Sludge Press Building

Water/Wastewater

190k gal Clarifier Tank
84k gal Digester Tank

Water/Wastewater
Water/Wastewater

15k gal Pressure Tank

Water/Wastewater

15k gal Pressure Tank

Water/Wastewater

160k gal Aerator Tank

Asset
Values

Content
Values
$0

$100,000

$3,796,875

$200,000

$911,250

$50,000

$102,516

$0

Very Low

$1,290,672

$1,200,000

$21,842
$124,044
$124,044
$124,044
$355,524
$124,044

$0
$0
$0
$0
$0
$0

$1,264,428

$100,000

$72,376

$400,000

$156,541

$92,000

$114,202

$0

$297,295

$500,000

$57,614

$0

$124,044

$0

$361,778

$100,000

$1,537,734

$0

$439,690
$128,247

$0
$0

$48,387

$0

$48,387

$0

Water/Wastewater

Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Very Low
Non‐
burnable
Non‐
burnable
Very Low
Very Low
Non‐
burnable
Non‐
burnable
Very Low

$419,084

$0

SBR/Headworks/Chlorine/Digester

Water/Wastewater

Very Low

$517,396

$0

SBR
Treatment/Sludge/Aeration/Controls

Water/Wastewater

Very Low

$638,467

$0

Operations Building/Generator

Water/Wastewater

Very Low

$848,829

$20,000
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Asset
Values

Content
Values

Galveston Critical Asset

Asset Type

WFP Class

Office

Administration

Non‐
burnable

$0

$100,000

460k gal Ground Water Tank #1

Water/Wastewater

Very Low

$289,402

$0

460k gal Ground Water Tank #2

Water/Wastewater

Very Low

$289,402

$0

Main Bldg

Water/Wastewater

$6,663,516

$150,000

Generator Bldg/Generator #1

Water/Wastewater

$1,332,703

$0

Generator Bldg/Generator #2

Water/Wastewater

$1,332,703

$0

Disinfectant Bldg/Chlorination
System

Water/Wastewater

$1,145,612

$0

Flow Control Bldg & Equipment

Water/Wastewater

$86,113

$0

Improvements & Equipment

Water/Wastewater

$6,216,137

$0

Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable
Non‐
burnable

Risk Assessment Conclusions
The City has significant physical assets, all of which are exposed to the fire hazard, and all of
which are vulnerable to fire and loss.
Data to collect to improve this methodology prior to the next Plan update includes:



Data regarding building construction (materials, protection systems, etc.)
Data regarding fire protection systems within individual buildings, particularly those
where flammable or combustible materials are routinely used or stored

7.5.16 Tropical Systems and Hurricanes (updated and separated)
Background and Vulnerability
The City of Galveston has a long and well‐documented history of exposure to and damages from
hurricanes and tropical systems. As a barrier island, winds from tropical systems reach the City
before the mainland, leaving the City to absorb the brunt of the winds. Galveston also receives
winds from storms that move from the mainland into the Gulf of Mexico.
Table 7.5.16‐1 (following) provides information regarding Presidential Disaster Declarations
involving tropical systems and hurricanes that have included the City of Galveston. Note that
this list is representative, and does not include all declared events known to have occurred in
Galveston. For a more complete listing of occurrences, please see Section 6.
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Table 7.5.16‐1
Presidentially‐Declared Extreme Wind Disasters in the City of Galveston Since 1961

Declared Extreme Wind Disasters in the City of Galveston, 1961‐2015
Disaster Type

Year of Declaration

Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane
Hurricane

2008
2008
2008
2005
2005
2003
2002

Hurricane

2001

Hurricane

1998

Hurricane
Hurricane

1983
1961

Disaster or Emergency
Declaration Number
DR‐1791 ‐ Hurricane Ike
EM‐3294 – Hurricane Ike
EM‐3290 – Hurricane Gustav
DR‐1606 – Hurricane Rita
EM‐3261 – Hurricane Rita
DR‐1479 – Hurricane Claudette
DR‐1434 – Tropical Storm Fay
DR‐1379 – Tropical Storm
Allison
DR‐1245 – Tropical Storm
Frances
DR‐689 – Hurricane Alicia
DR‐118 – Hurricane Carla

Table 7.5.16‐3 (below) details the anticipated wind speeds based on tropical events. This
information was obtained from HAZUS‐MH in 2010 and affirmed in 2016.
Table 7.5.16‐3
Extreme Wind Recurrence Intervals

Anticipated Wind Speeds Based on Recurrence Intervals
In MPH:
Average
Minimum
Maximum
Maximum
Variation

10 Year
Event

20 Year
Event

50 Year
Event

100 Year
Event

200 Year
Event

500 Year
Event

67
64
74

86
82
97

111
107
116

124
123
125

133
131
134

144
137
149

1000
Year
Event
151
149
155

10

15

9

2

3

12

6

Figure 7.5.16‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
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Figure 7.5.16‐1
Land Cover in Galveston, TX

Figure 7.5.16‐2 shows hurricane history in the City, based on NCDC data.
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Figure 7.5.16‐2
Historic Hurricane Track in Galveston

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.16‐4 (below).
Table 7.5.16‐4
Tropical systems and Hurricanes Risk Assessment – Qualitative
People/Life
Hazard
Assets/Buildings
Infrastructure
Safety
Tropical Systems
Moderate
Moderate/High
Moderate
and Hurricanes

Service Delivery
Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.16‐4 (below).
Table 7.3.16‐4
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.16‐5 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.16‐5
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.16‐6 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.16‐6
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.16‐7 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.16‐7
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.16‐8 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.16‐8
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077
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HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.16‐9 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 5.3.16‐9
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Figure 7.5.16‐3 (following) illustrates the probable exposure of the City of Galveston to 100‐
year hurricane wind fields, as determined by HAZUS.
Figure 7.5.16‐4 (following) shows the wind field exposure for the City of Galveston for a 1000‐
year return interval event – the equivalent of a strong Category 4 hurricane on the Saffir‐
Simpson Scale.
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Figure 7.5.16‐3
Probable 100‐Year Hurricane Wind Field – Galveston Island
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Figure 7.5.16‐4
Probable 1000‐Year Hurricane Wind Field – Galveston Island

In consideration of the City’s significant historic building stock, probabilistic scenario images
were generated for the 100‐year and 100‐year events and identified historic structures and
neighborhoods. These images are shown in Figures 7.5.16‐5 and 7.5.16‐6 (following).
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Figure 7.5.16‐5
Probable 100‐Year Hurricane Wind Field – Historic Structures ‐ Galveston Island

July 27, 2017 – Page 7‐87

The City of Galveston, Texas
Section 7: Risk Assessment
Figure 7.5.16‐6
Probable 1000‐Year Hurricane Wind Field – Historic Structures ‐ Galveston Island

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from tropical and
hurricane events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building

7.5.17 Tornadoes (updated and separated)
Background and Vulnerability
The City of Galveston has a documented history of exposure to and damages from tornadoes.
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Figure 7.5.17‐1 (following) shows the land cover in the City of Galveston. Note the density of
development on the eastern side of the City, behind the Seawall.
Figure 7.5.17‐1
Land Cover in Galveston, TX

Methodology and Limitations
As discussed throughout this document, this Plan was developed using the best available data
from a variety of sources, including local data obtained directly from the City. Where possible,
existing qualitative data regarding risks and vulnerabilities in Galveston was used, such as data
from previous mitigation plans and other planning efforts. As such, the data presented in this
section is a hybrid of existing data and newly developed/refined data, often extracted from
local, county, or state sources. Where planning assumptions were made, those assumptions
have been noted and detailed. Every effort has been made to create an assessment that
successfully details and quantifies the City’s current risks and vulnerabilities.
After discussion and review of the best available data regarding this hazard, and in
consideration of the potential impacts of this hazard to the City, the HMPSC determined that the
risk assessment should include both qualitative and quantitative analyses, to the extent
possible.
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Qualitative
The HMPSC was asked to provide qualitative damage/loss/impact estimates, using a
Low/Moderate/High range, based upon their knowledge of the community and facilities.
Committee members looked at potential risk to people (loss of life or injury), risk to facilities
and critical facilities (primarily damage to the physical structure), risk to infrastructure
(utilities primarily), and risk to the service delivery (utility and service delivery). The results of
this qualitative assessment can be seen in Table 7.5.17‐2 (below).
Table 7.5.17‐2
Tornado Risk Assessment: Tornadoes – Qualitative
People/Life
Hazard
Assets/Buildings
Safety
Tornado
Moderate
Moderate/High

Infrastructure

Service Delivery

Moderate

Moderate

Quantitative
The quantitative risk assessment for the extreme wind hazard is based on a HAZUS run. HAZUS
is a regional multi‐hazard loss estimation model that was developed by the Federal Emergency
Management Agency (FEMA) and the National Institute of Building Sciences. The primary
purpose of HAZUS is to provide a methodology and software application to develop multi‐
hazard losses at a regional scale. These loss estimates can be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks from multi‐hazards and to
prepare for emergency response and recovery.
HAZUS utilizes data from numerous national sources as part of its default database. These
include the US Census Bureau (TIGER files and demographics), US Department of
Transportation (highways, bridges, and rail), US Department of Education (primary and
secondary institutions), American Hospital Association (medical care facilities), Dun &
Bradstreet (structure inventory), and RS Means (replacement values). The default data
contained in HAZUS is sufficient for providing a broad overview of anticipated damages
expected to be seen by earthquake, flood, and hurricane events. However, it also allows the user
to incorporate local data information into the database to get more refined results. For this
plan, the City’s Risk Manager provided specific building inventory data on its campus assets.
Unfortunately, that inventory data did not contain required fields which prevented it being used
in the CDMS (Comprehensive Data Management System) tool provided by HAZUS. As a
workaround, the available data was manually entered by individual structure into the HAZUS
scenario to incorporate the identified assets at the very least.
Building information was input into HAZUS, to allow for as specific of a conclusion as possible.
It should be noted, though, that not all information was available for all buildings. Thus, this
methodology is based on the best available data that was available at the time of plan
development. Such a methodology has limitations, and may not account for all extreme wind
vulnerabilities to the City’s assets, but will provide insight as to the risks to the City.
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To perform a quantitative risk assessment for the extreme wind hazard, a probabilistic scenario
in HAZUS was utilized. The four Census tracks around Galveston Island were imported; this
made the area analyzed roughly 10 miles². Specific information regarding the City’s assets and
infrastructure was input, to the extent available. Some assumptions were made for some
building characteristics, as not all information needed was available. Despite this data
limitation, the model provided a baseline estimate for likely damages from extreme wind
events, using 50‐year, 100‐year, and 1000‐year return intervals for hurricane wind.
This assessment will focus on the 100‐year probabilistic scenario.
This 100‐year probabilistic HAZUS run focused on the 44 mi² area around Galveston Island.
HAZUS estimated 22 Census tracts, containing 48,726 people in the scenario (using 2010
Census data), with 48,726 buildings in the area. 22,413 of these buildings are classified as
residential; 1,578 are classified as commercial.
The breakdown of buildings by expected damages from this probabilistic scenario is shown in
Table 7.5.17‐3 (below).
Table 7.3.17‐3
Building Exposure Stock by Expected Damage Levels
Building Exposure by Expected Damage Levels
Occupancy
Building Count
Exposure (in $1000s)
Residential
22,413
$6,231,500
Commercial
1,578
$1,021,065
Other
583
$526,647
Total
24,574
$7,779,262

Table 7.5.17‐4 (below) shows the probable number of residential buildings damaged or
destroyed, by return interval.
Table 7.5.17‐4
Expected Residential Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
172
8
0
0
20‐year
3,338
557
17
7
50‐year
8,011
3,424
652
333
100‐year
8,548
5,531
1,630
825
200‐year
7,628
6,790
2,897
1,643
500‐year
5,650
7,401
4,693
3,098
1000‐year
4,498
7,065
5,555
4,261

Total
180
3,919
12,420
16,533
18,958
20,842
21,379

Table 7.5.17‐5 (following) shows the probable number of buildings damaged or destroyed, by
return interval.
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Table 7.5.17‐5
Expected Building Damage by Return Interval
Expected Residential Building Damage Levels
Return
Minor
Moderate
Severe
Destroyed
Interval
Damage
Damage
Damage
10‐year
187
9
0
0
20‐year
3,611
638
24
7
50‐year
8,562
3,820
760
336
100‐year
9,120
6,163
1,963
832
200‐year
8,140
7,502
3,413
1,657
500‐year
6,016
8,133
5,520
3,129
1000‐year
4,792
7,756
6,535
4,306

Total
196
4,281
13,477
18,078
20,712
22,797
23,390

Table 7.5.17‐6 (below) illustrates the expected shelter requirements for people, by return
interval.
Table 7.5.17‐6
Expected Shelter Requirements
Expected Shelter Requirements
Displaced
Short Term
Return Interval
Households
Shelter (People)
10‐year
0
0
20‐year
147
47
50‐year
797
224
100‐year
2,051
586
200‐year
3,834
1,080
500‐year
6,991
1,982
1000‐year
8,854
2,515

Table 7.5.17‐7 (below) illustrates the building‐related economic loss estimates by return
interval. All figures are displayed in thousands.
Table 7.5.17‐7
Building‐Related Economic Losses
Expected Shelter Requirements
Residential
Return Interval
Property Damage Total
Losses
10‐year
$9,809
$10,055
20‐year
$105,732
$116,120
50‐year
$600,696
$670,448
100‐year
$1,205,476
$1,409,546
200‐year
$1,936,698
$2,246,801
500‐year
$3,024,103
$3,572,157
1000‐year
$3,716,127
$4,414,579
Annualized
$42,561
$49,077
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HAZUS was also used to estimate the amount of debris that will be generated by the 50‐, 100‐
and 1000‐year extreme wind events. The model breaks the debris into four general categories:
a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree Debris.
This distinction is made because of the different types of material handling equipment required
to handle the debris. Table 7.5.17‐8 (below) illustrates the amount of debris that each level of
storm could be expected to generate, in tons.
Table 5.3.17‐8
Expected Debris by Type and Return Interval
Debris
50‐year
100‐year 1000‐year
Brick, Wood, and
386,260
71,331
133,401
Other
Reinforced
8,220
725
1,732
Concrete and Steel
351
Eligible Tree
211
246
2,367
Other Tree
1,420
1,657
397,198
Total
73,687
137,036

Risk Assessment Conclusions
All Galveston people and assets have significant exposure to and risk from tornado events.
Data to collect to improve this methodology prior to the next Plan update includes:





Detailed data regarding building construction (materials, protection systems, etc.)
Detailed data regarding wind load for each building
Detailed data regarding specific roof characteristics for each building
Detailed data regarding envelope protection for each building
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7.6 The City of Galveston’s Future Development Trends
As a barrier island, Galveston has a finite potential for growth and future development. All
unincorporated areas of the island have been incorporated by the City, or are within the City
limits of the Village of Jamaica Beach or are within the area owned by the State of Texas and
managed as the Galveston Island State Park. No unincorporated areas remain on the island.
Prior to Hurricane Ike, the City’s population was approximately 58,000, with an annual growth
rate of less than one‐half percent. Hurricane Ike, and the resulting displacement of the
population, has reduced the population of the City by almost 20%. As of the 2010 Census, the
population of Galveston was 47,745. The 2014 Census estimate raised that population slightly,
to 49,608.
Galveston is home to a high number of renters and rental properties, as is common in beach
communities. The 2010 Census places the number of housing units in the City at 32,368, with
47.1% being single family housing and 41.3% being multi‐unit structures.
In the aftermath of the 1900 Storm, the City’s leaders recognized the importance of mitigation
in their reconstruction of the City. The same can be said of the City’s current leaders and staff.
With so much of the City damaged by Hurricane Ike, concerted efforts have been made to
reconstruct the City to be safer and more resilient to future disasters. The City has made the
following advancements since Hurricane Ike, which provide mitigation for future development:







Adoption and enforcement of the 2012 edition of the International Building Code
Joining the NFIP’s CRS Program (currently a Class 7 Community)
Update to the City’s Historic Preservation Plan
Update to the City’s Comprehensive Plan
Completion of most of the Ike‐related repairs and replacements necessary after the
storm
Update to the Design Standards for Historic Properties to address storm mitigation

The City leaders and staff recognize that Galveston is a high hazard area, subject to impacts
from a variety of hazards, and that all future development and construction must be done in
such a way that the best possible protection is afforded to all future development.
Since the previous Plan, there have not been any significant changes in development in the
City’s vulnerable areas that have increased the City’s overall hazard vulnerability. In fact, the
City has taken steps to decrease the vulnerability of future development (where practical and
feasible, given the finite potential for growth and future development in the City) through
several activities, including the implementation of the mitigation strategy defined in this Plan
and joining the NFIP’s Community Rating System (CRS) Program. While it is too soon to
determine the exact impact that these actions have had or will have on future development in
vulnerable areas, it is expected that they will produce a reduction in vulnerability in the future.
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7.7 Summary of Risk Assessment
Mitigation planning is intended to provide a rational method for communities to decide what
actions to take to reduce their risks from natural hazards. Aside from determining and
implementing specific actions, perhaps the most important part of a mitigation plan is the risk
assessment, which establishes an objective basis for prioritizing mitigation efforts. The risk
assessment in this plan has been used to identify the most significant risks to the City of
Galveston; to identify the hazards that present the most potential damage to the City and its
assets; to ascertain where additional study may be warranted; and to begin identification and
prioritization of mitigation actions.
As noted earlier, the purpose of risk assessment is to identify and quantify future losses from
hazards, with the goal of using this information to determine what actions should be taken to
reduce damages. Although the City has more risk from flooding and extreme wind than it does
from coastal erosion and hazardous materials incidents, there are several factors that must be
considered and understood in order to put this into context. First, because Galveston is a
barrier island, what would be a minor risk for a mainland community becomes a more
significant risk to this community, who has significant potential for isolation. Infected cruise
ship passengers, disembarking from a cruise at the Port of Galveston, have the potential to
cause a biologic incident in this tourist community. Cascading events are a planning
consideration for the City. A routine hazard, such as a traffic accident on the I‐45 Causeway, has
the potential to become a serious risk to the community, should the event be prolonged and
require closure of the Causeway.
Second, there are no large‐scale mitigation measures that would reduce risks to all properties
simultaneously, so facility or site‐specific risks are a more significant consideration than City‐
wide ones in most cases. It is necessary to calculate risks on a facility or site‐specific basis as a
first step in developing meaningful mitigation actions.
Section 09 of this Plan outlines a series of general recommendations that can be implemented
on a City‐wide basis as well as a wide range of specific, prioritized actions have been identified
for specific facilities as part of the planning process. The HMPSC used the present risk
assessment section as the basis for these actions and priorities. However, it has been generally
acknowledged that additional information would be helpful in refining and updating this Plan in
the years to come. Section 09 also includes actions to aid in this process that include the
following general steps:



Continue to identify and prioritize critical facilities, facilities with high occupancies, or
operations with high value
Study hazard vulnerabilities based on specific conditions and hazards at sites for the
highest priority sites and facilities
Revised Review Draft – 04.03.17 – Page 7‐95

Union Parish, Louisiana Hazard Mitigation Plan
Section 7: Risk Assessment

87
88
89





Undertake detailed risk assessments for critical facilities in hazard areas, and with
known vulnerabilities
Develop appropriate, cost‐effective mitigation measures for the facilities.

1
Trulia. Galveston, Texas Market Trends. Retrieved 02.10.16 from
http://www.trulia.com/real_estate/Galveston-Texas/market-trends/
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Section 08
Capability Assessment
Contents of this Section
8.1
8.2
8.3
8.4
8.5

Overview and Purpose of Capability Assessment
Federal and State Regulations, Plans, and Funding Sources (Updated)
Capability Assessment for the City of Galveston (Updated)
Current and Completed Hazard Mitigation Programs and Projects (Updated)
Summary (Updated)

8.1 Overview and Purpose of Capability Assessment
Although not required by Disaster Mitigation Act of 2000 or the Interim Final Rule, a capability
assessment adds context to a mitigation plan by providing an inventory of a municipality’s
programs and policies, and an analysis of its capacity to carry them out. These are essential for
developing mitigation strategies and actions.
The capability assessment is an evaluation of the City of Galveston’s resources to identify, review,
and analyze what the City is currently doing to reduce losses, and to identify the framework that is
in place for the implementation of new mitigation activities. In addition, this assessment is useful in
gauging whether the current local organizational structures and inter‐jurisdictional coordination
mechanisms for hazard mitigation could be improved, and how.
This local capability is extremely important, because the municipal officials know their own
landscape best. Additionally, many of the most critical and effective hazard mitigation strategies
and programs, including enforcement of floodplain management, building codes, and land‐use
planning, require a strong local role to achieve effective implementation.

8.2 Federal and State Regulations, Plans, and Funding Sources
8.2.1 Inventory of Regulations, Plans and Funding Sources
This section, including Table 8.2‐1 (following), provides summary information regarding selected
federal and state regulations, plans, and sources of funding that are relevant to mitigation projects
and activities. For additional information regarding funding availability and eligibility, and other
details about and evaluations of these regulations, plans, and funding sources, see Section 05.
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Table 8.2‐1
Summary of Selected State and Federal Regulations, Plans, and Funding Sources Relevant to Natural
Hazard Mitigation
Summary of Selected State and Federal Regulations, Plans, and Funding Sources Relevant to Natural Hazard
Mitigation
Eligible Recipient
Federal,
Program
Title
State, or
Administered By
Other
Type
City
Local
Agency
FEMA Public Assistance
Texas Division of
Funding
Federal
X
X
(PA) Grants
Emergency Management
FEMA Hazard Mitigation
Texas Division of
Funding
Federal
X
X
Grant Program (HMGP)
Emergency Management
FEMA Pre‐Disaster
Texas Division of
Funding
Federal
X
Mitigation (PDM) Grants
Emergency Management
FEMA/NFIP Flood
Texas Water Development
Mitigation Assistance
Funding
Federal
X
Board
(FMA) grants
Housing and Urban
Development
Texas Department of Rural
Community
Funding
Federal
X
Affairs
Development Block
Grants (CDBG)
US Army Corps of
Engineers (USACE)
Funding
Federal
USACE
X
Grants
Shore Protection
Funding
State
Texas General Land Office
X
X
Program
Farmland Preservation
Funding
State
Texas General Land Office
X
X
Program
Beach Maintenance
Funding
State
Texas General Land Office
X
X
Reimbursement Fund
Coastal Erosion Planning
and Response Act
Funding
State
Texas General Land Office
X
X
(CEPRA)
Texas Coastal Impact
Funding
Federal
Texas General Land Office
X
X
Assistance Program
Texas Coastal
Management Program
Funding
Federal
Texas General Land Office
X
X
(CMP)
Galveston Bay Estuary
Texas Commission on
Funding
State
X
X
Grant Program
Environmental Quality
Statewide
Federal,
Texas Department of
Transportation
Funding
X
X
State
Transportation
Enhancement Program
Nonpoint Source Grant
Texas Commission on
Funding
State
X
X
Program
Environmental Quality
Clean Water State
Texas Water Development
Revolving Fund Loan
Funding
State
X
X
Board
Program
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For many federal grants, the non‐federal share can be borne by the state as recipient, the recipient
community as sub‐recipient or in some cases, the property owner who benefits from the project. In
the case of property acquisitions intended to remove properties that experience repetitive flood
losses, the non‐federal share is typically covered by the property owner, who accepts the federal
share of 75% and documents the lost equity as the non‐federal share. This can serve as a
disincentive to participation.

8.2.2 Implications of TDEM Capabilities on Local Hazard Mitigation Efforts
State capabilities for hazard mitigation have an impact on the efficacy of local planning and
implementation. In accordance with the State of Texas Hazard Mitigation Plan (SHMP), the focus of
Texas’s statewide hazard mitigation effort is centered in the TDEM, with floodplain management
responsibilities located under the authority of the Texas Water Development Board (TWDB).
The SHMT is led by the Texas Division of Emergency Management (TDEM), and is comprised of
representatives from a variety of state agencies. The table below (8.2.2‐1) lists the agencies and
their responsibilities, as applicable to hazard mitigation.
Table 8.2.2‐1
State Hazard Mitigation Team
Agency
Texas Division of
Emergency Management

General Land Office
Railroad Commission of
Texas

Texas Department of Rural
Affairs

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
To formulate the state’s mitigation policies pursuant to the
principles and protocols of the National Incident Management
System (NIMS), and to ensure capability for integration with
TDEM
the National Response Framework; to these ends, the state
views mitigation in terms of pre‐event and post‐event
mitigation
Coordinates coastal mitigation issues such as prevention of
GLO
beach erosion and improvement of the quality of beaches
Provides expertise regarding the location and movement of
RRC
crude petroleum products within Texas that could affect
mitigation proposals

TDRA

Provides policy and possible resources to local governments
to prevent households from locating or relocating into flood‐
prone areas or zones.
Administers a grant program to assist local governments with
the 25% match for approved HMGP projects.
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Agency

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
Educates insurance policyholders on methods and types of
products to reduce losses, claims, lower insurance premiums,
and increase the availability of insurance.
Works with the manufacturing industry to develop and
promote better construction products (e.g., roofing materials,
window protection, storm clips, and other safety products).

Texas Department of
Insurance

TDI

Texas Department of
Transportation

TxDOT

Texas Forest Service

TFS

Texas Parks and Wildlife
Department

Texas Water Development
Board

TPWD

TWDB

Works with local governments to develop a windstorm
resistant building code and assists those entities in inspecting
structures for compliance.
Develops and distributes to Texans warning and mitigation
brochures that provide key information in response to threats
and protection against damage from hurricanes, floods,
tornadoes, frozen pipes, thunderstorms, lighting, hail, and
wildfires.
Provides engineering assistance (i.e. department standards,
specifications, or advice on roadway maintenance) to local
governments related to the Hazard Mitigation Grant Program
(HMGP)
Provides technical assistance to local governments for fire
protection in rural areas.
Assists rural communities in wildfire prevention and adoption
of mitigation measures such as the use of fire hydrants.
Reviews mitigation proposals to assess impact on the
environment and wildlife in Texas.
Provides technical assistance to local jurisdictions on
floodplain management.
Provides matching grants for feasibility level flood protection‐
planning studies.
Provides funding for flood control planning projects

Lower Colorado River
Authority
Texas Municipal League
Inter‐Governmental Risk
Pool
(non‐voting member)
Emergency Management
Association of Texas

LCRA

TML
EMAT

Administers the Flood Mitigation Assistance Program and
Severe Repetitive Loss Program
The sponsoring agency for the Texas Floodplain Managers
Association, a private non‐profit group with the goal of
furthering the education, proficiency, and standing of
floodplain managers in Texas, and public
knowledge/involvement in floodplain management at the
local level.
Provides Texas municipalities and other units of local
government with a stable source of risk financing and loss
prevention services at the lowest cost consistent with sound
business practices.
Provides local government input through a rotating member
assignment
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Agency

Texas Geographical Society

Texas Tech University
Wind Science and
Engineering Research
Center
National Storm Shelter
Association

State Hazard Mitigation Team
Abbreviation
Hazard Mitigation Responsibilities
A membership‐based non‐profit corporation created to unite
public, private, and nonprofit resources to improve
government services and education through collaborative
TGS
development and use of digital geographic data and related
technologies. The TxGS uses geographic data and Geographic
Information System (GIS) technologies to help improve
government services and education in and around Texas
The WISE Research Center at Texas Tech University is focused
TTU WISE
on wind research, education and information outreach. The
Center develops information on windstorm disaster
mitigation and other wind‐related subjects.
The National Wind Storm Association determines the quality
of manufactured and constructed storm shelters for
NSSA
protecting people from injury or loss of life from the effects of
tornadoes, hurricanes and other devastating natural disasters.

Historically, TDEM has had limited staffing to address the hazard mitigation needs of the state.
Additional staff is needed to expand the ability of the state to support local and county mitigation
planning needs. This additional staffing should have the necessary expertise for the timely
development of hazard mitigation plans and to facilitate the implementation of risk reduction
projects statewide.

8.3 Capability Assessment for the City of Galveston
Texas has 254 counties— the most nationwide. Each county runs on Commissioners' Court system
consisting of four elected commissioners (one from each of four precincts in the county, roughly
divided according to population) and a county judge elected at large from the entire county. County
government runs similar to a "weak" mayor‐council system; the county judge has no veto authority,
but votes along with the other commissioners.
Although Texas permits cities and counties to enter inter‐local agreements to share services, the
state does not allow consolidated city‐county governments, nor does it have metropolitan
governments. Counties are not granted home rule status; their powers are strictly defined by state
law. The state does not have townships— areas within a county are either incorporated or
unincorporated. Incorporated areas are part of a municipality. The county provides limited services
to unincorporated areas. Municipalities are classified either "general law" cities or "home rule". A
municipality may elect home rule status once it exceeds a population of 5,000 with voter approval.
Municipal elections are nonpartisan, as are elections for school boards and community college
districts.
Municipal home rule originated in the US during the Progressive Era of the early twentieth century.
It enables voters to adopt a home rule charter that acts as the city's basic governing document over
local issues; however, state law continues to prevail over statewide concerns. The goal of municipal
home rule is to facilitate local control and minimize state intervention into municipal affairs.
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After the 1900 Hurricane, Galveston originated the city commission form of city government (which
became known as the "Galveston Plan"), although the City has since adopted the council‐manager
form of government. Galveston's City Council serves as the City's legislative branch, while the city
manager works as the chief executive officer and the municipal court system serves as the city's
judicial branch. The City Council and Mayor promote ordinances to establish municipal policies. The
Galveston City Council consists of six elected positions, each derived from a specified electoral
district. Each City Council member is elected to a two‐year term, as is the Mayor. The City Council
appoints the city manager, the city secretary, the city auditor, the city attorney, and the municipal
judge. The City's tax collector is determined by the City Council and is outsourced to Galveston
County. The city manager hires employees, promotes development, presents and administers the
budget, and implements City Council policies.
The following language is from the City of Galveston’s municipal charter:
Section 4. General Powers of the City. The City is and shall continue to be a Home Rule City,
with full power of local self‐government, including the right to amend this Charter, as provided by
the Constitution and laws of this State. It shall have all the powers granted to cities by the
Constitution and laws of the State of Texas, together with all the implied powers necessary to carry
into execution such granted powers. It may use a corporate seal; may sue and be sued; may contract
and be contracted with; may cooperate with the government of the State of Texas or any agency or
political subdivision thereof, or with the Federal government or any agency thereof, to accomplish
any lawful purpose for the advancement of the interest, welfare, health, morals, comfort, safety, and
convenience of the City and its inhabitants; may acquire property within or without it corporate
limits for any municipal purposes in fee simple, or in any lesser interest or estate, by purchase, gift,
devise, lease or condemnation, and subject to the provisions of this Charter, may sell, lease, mortgage,
hold, manage, and control such property as may now or hereafter be owned by it; may pass
ordinances and enact such regulations as may be expedient for the maintenance of the good
government, order, and peace of the City, and the welfare, health, morals, comfort, safety and
convenience of its inhabitants; and shall have and may exercise all municipal powers, functions,
rights, privileges and immunities of every kind and nature whatsoever, subject only to the limitations
imposed by the State Constitution, the State Laws, and this Charter. The enumeration of particular
powers by this Charter shall not be deemed to be exclusive and, in addition to the powers
enumerated or implied herein, it is intended that the City shall have and may exercise all powers that,
under the Constitution and Laws of this State, it would be competent for this Charter specifically to
enumerate.

Based on the above excerpt from the City’s charter, the City has the authority to enact policies and
ordinances within their jurisdiction.
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8.3.1 Relevant Ordinances and Policies
This section, as illustrated in Table 8.3.1‐1 (below and following), provides a list of City of Galveston
ordinances and policies that have the potential to affect and/or promote mitigation within the City.
Understanding which ordinances and policies affect mitigation in the City is a helpful component to
mitigation activities. These include zoning, floodplain management, and building code enforcement.
Table 8.3.1‐1
City of Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Ordinance/Plan/Policy

Zoning Ordinances

Subdivision Ordinance

Building Codes, Permitting
and Inspections

Flood Damage Prevention
Ordinance
Stormwater Management
Plan
Water and Sewer Master
Plans

Hazard Mitigation Plan
Emergency Management /
Operations Plan
Continuity of Operations /
Government Plan

Description
How land use is controlled and public
health, welfare and safety is protected.
Allows the municipal government to
control and limit the type and density of
development
Regulates the development of housing,
commercial, industrial and other uses,
including associated public infrastructure,
as land is subdivided into buildable lots for
sale or future development
Regulates construction standards and
ensures enforcement of City’s adopted
standards. Galveston currently enforces the
International Building Code (IBC) from
2012.
Provides the framework for action
regarding the corrective and preventative
measures in place to reduce flood‐related
impacts
Designed to address flooding associated
with stormwater runoff, and is focused on
design and construction measures that are
intended to reduce urban flooding
The blueprints for future development of
the City’s water and sewer systems, and
considers prevention of failures to function
of both systems
The blueprint for how the City intends to
reduce the impact of natural and human‐
caused hazards on residents and assets in
the City
Outlines the responsibilities of those
responding to an emergency or disaster
and how resources are deployed
Establishes a clear chain of commence, line
of succession and plans for backup or
alternate facilities in case of an extreme
emergency or disaster
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Enforcement

Development Services

Development Services

Development Services

Development Services, Certified
Floodplain Manager
Public Works Department,
Municipal Utilities Department

Municipal Utilities Department

Development Services and
Emergency Management
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
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Galveston Ordinances, Plans and Policies Relevant to Hazard Mitigation
Ordinance/Plan/Policy
Evacuation / Re‐entry
Plan
Comprehensive Plan

Capital Improvement Plan

Historic Preservation Plan
Historic Structure Disaster
Response Plan

Coastal Zone Management
Plan

Description
Establishes the process by which the City
will evacuate citizens and allow for re‐entry
after a hazard event (particularly a tropical
event)
Establishes the overall vision for the City,
and helps to guide municipal decision‐
making
Guides the scheduling of spending on
Capital Improvement Projects (CIP), and
serves as a mechanism to guide future
development. Note: This planning effort has
lapsed in the aftermath of Hurricane Ike, but
will be re‐instituted as soon as possible.
Guides the City’s efforts to preserve historic
assets throughout the City
Provides information on how the City’s
historic assets will be cared for in the
aftermath of a disaster, and provides
information to property owners for ways to
protect and repair their historic properties
As part of the State’s plan, provides
information for the preservation and
protection of coastal zones; works in
conjunction with the City’s beach/dune
preservation ordinances

Enforcement
Emergency Management
Coordinator, Mayor’s Office, City
Manager’s Office
Development Services

Public Works Department,
Municipal Utilities Department
Development Services, Historic
Preservation Officer
Development Services, Historic
Preservation Officer

Development Services, Texas
General Land Office

In the aftermath of Hurricane Ike, the City’s Planning and Community Development department
determined that more stringent building codes and more stringent provisions to the City’s flood
damage prevention ordinance would serve to mitigate Ike‐type damages to future structures.
Having experienced flood‐related damages to more than 75% of the City’s building stock, the City
learned first‐hand the value of codes and ordinances towards effective community mitigation. To
that end, the department recommended that the City adopt the most recent version of the IBC, and
that modifications be made to the flood damage prevention ordinance that would mandate
freeboard for all new construction. The IBC 2012 is currently adopted and enforced.
As the City continues to recover from Hurricane Ike and to move towards resiliency, this Plan will
be a driving force for the strengthening and improvement of these existing policies, plans, and
programs, and for the development of additional ones that will aid in increased resiliency. By
documenting and examining the current capabilities of the City, determinations can be made
regarding where improvements may be made and opportunities for additional development may
exist.
For example, during the next five‐year update of this Plan, the City will have been a member of the
NFIP’s Community Rating System (CRS) for almost ten years. It will be possible to document
changes in the City’s floodplain management capabilities because of membership in the program
and to examine the actual impact that this program has had on the City, its floodplain management
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policies, and its overall resiliency. This will aid in better program implementation for the CRS and
for strengthening of the mitigation strategy described within this Plan.
Additionally, this capability assessment provides documentation of needed or wanted increases in
staffing and/or training, as well as for expansions of current programs. By periodically
documenting the existing capability, City leadership and management could make supported
determinations regarding training needs, staffing needs, or ways to expand current programs to
increase offerings. They could track departmental progression via project and program
implementation, to determine which staff members have strong leadership or management
characteristics, and which departments would benefit from additional training or resources. Once
adopted, the managing department will make recommendations to City leadership/management
regarding ways to increase the City’s capability via:








Staff training;
Staff education
Leadership training;
Leadership education;
Program tracking/expansion;
Loss‐avoidance assessments for large mitigation projects (post‐implementation); and
Implementation of additional projects or programs that will increase or strengthen
capability in the City.

8.3.2 Fiscal Capacity
This section, as illustrated in Table 8.3.2‐1 (following), provides a list of local funding sources
generally available to the City, with proper approvals, and determines if that funding source can be
used to affect or promote mitigation within the jurisdiction. Understanding where potential funding
sources are available to the City is a helpful component to mitigation activities.
Table 8.3.2‐1
City of Galveston Funding/Financing Sources Relevant to Hazard Mitigation
Galveston Funding/Financing Sources Relevant to Hazard Mitigation
Financial Resources
Accessible or Eligible to Use
General Fund
Yes
Development Fees
Yes
CDBG
Yes
Capital Improvements Project Funding
Yes
Authority to Levy taxes for Specific Purposes
Yes
Fees for Water and Sewer Service
Yes
Impact Fees for Homebuyers or Developers for New Developments/Homes
Yes
Federal Hazard Mitigation Grants
Yes

For a department to implement a project, the project’s costs must be compatible with the City
Finance Department’s purchasing and procurement policies. One of the policies is that the project’s
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funding source(s) must be identified. In general, City departments can apply for grants without
seeking direct City Council approval to apply, unless the grant itself dictates otherwise. City Council
must approve acceptance of the grant, however, and has final approval over all funding sources,
including donations and in‐kind contributions.
Generally, the following conditions must be met for a project to be considered for City funding:
Projects must have grant funding available that has a cost share that may be satisfied by in‐kind
donations or services, or the department must have funding in their approved budget available for
use towards the cost share. Additionally, the City may participate in projects that affect county,
state or federal infrastructure, including roads and drainage infrastructure.

8.3.3 Technical, Administrative, and Regulatory Capacity
This section provides a review of the administrative and technical resources within the City’s
departments to determine if all the necessary resources are available to Galveston to engage in
mitigation planning processes. Table 8.3.3‐1 (below and following) indicates potential resource
needs, and indicates whether the City currently has staff with that expertise or available outside
contractors.
Table 8.3.3‐1
City of Galveston Administrative and Technical Capacity
Galveston Administrative and Technical Capacity
On
Staff/Personnel Resources
Department/Agency
Staff
Planner(s) or engineer with knowledge of land
Public Works Department /Development
Yes
development and land management practices
Services
Engineer(s) or professional(s) trained in
Public Works Department / City Manager’s
construction practices related to buildings and/or
Yes
Office
infrastructure
Planners or engineer(s) with an understanding of
Public Works Department / Development
Yes
natural and/or human‐caused hazards
Services
Certified Floodplain Manager
Yes
Development Services
Surveyors
No
Outsourced when services required
Staff with education or expertise to assess the
Public Works Department / Development
Yes
community’s vulnerability to hazards
Services / Fire Marshal’s Office
Public Works Department / Development
Personnel skilled in GIS and/or Hazards US
Yes
Services
Historic Preservation Specialists
Yes
Development Services
City Manager’s Office (when no declared state
of emergency declaration is in effect)
Emergency Management Coordinator
Yes
Mayor’s Office (when state of emergency is
declared)
Emergency Response Team

Yes

Core City Staff, as identified in EOP

Disaster Program Director

Yes

City Manager’s Office
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Intra‐ and Inter‐Jurisdictional Coordination
In general, the City has good working relationships with on‐island and off‐island partners. The City
works often and well with the following entities:





The Texas Historic Commission, who aids in the identification and preservation of the City’s
historic assets
The Texas Commission on Environmental Quality, who works with the City’s Municipal
Utilities Department to ensure the City maintains regulatory compliance
The US Environmental Protection Agency, who – in conjunction with the TCEQ – also aids
the City in ensuring maintenance of regulatory compliance
Galveston County, who works with the City to provide support and resources wherever
possible, including by providing EMS services to the City

Regionalization
As a barrier island community, the City works closely with its mainland partners for regional
activities. For example, all evacuation activities are planned and coordinated at the regional level.
Without regional coordination, evacuation of the Island would be almost impossible to do with any
effectiveness.
The City also joins with its regional partners to form the Beach Erosion Task Force, which seeks to
ensure that activities are coordinated to limit the possibility of erosion from man‐made activities
wherever possible, and that erosion‐control activities are coordinated. The City also participates in
regional funding of lobbyist and engineering studies, as these activities are more effective at a
regional level than at the municipal level.
Regarding utilities, the City’s potable water supply is purchased from an off‐island regional
provider. The City also works with the Harris‐Galveston Subsidence District, and the Region H
Water Planning Group under the Texas Water Conservation Task Force.
Finally, the City belongs to the Houston‐Galveston Area Council, which provides services and
funding to local member governments.
Land Use Planning and Regulation
The City maintains and enforces stringent zoning codes and regulations. The following excerpt is
from the City’s adopted and enforced zoning regulations:
The Zoning Regulations and the Districts as herein established have been made in
accordance with a Comprehensive Plan for the purpose of promoting the health, safety, morals, for
the protection and preservation of places and areas of historical and cultural importance and
significance, and for the general welfare of the public and mainly the residents of the City. They have
been designed to regulate and restrict the height, number of stories and size of buildings and other
structures, the percentage of lot that may be occupied, the size of the yards, courts and other open
spaces, the density of population and the location and use of buildings, structures and land for
business, residence and other purposes; and in case of designated places and areas of historical and
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cultural importance, to regulate and restrict the construction, alteration, reconstruction, or razing of
buildings and other structures.

Floodplain Management
As a participant in the National Flood Insurance Program, the City is required to adopt and enforce
the minimum floodplain management standards put forth by the NFIP, which it does. Galveston
County received revised FIRMs from FEMA in 2012. In 2013, the City of Galveston joined the
Community Rating System, and is currently rated as a Class 7 Community.
Building Code Enforcement
The City has a trained code enforcement staff, knowledgeable in the codes and ordinances they are
charged with enforcing. The City staff actively enforces the applicable codes and ordinances.
Economic Development Planning
The City does not maintain a separate economic development staff or plan, though economic
development is addressed in the Comprehensive Plan. Instead, economic development is handled
primarily through two on‐island partners – The Galveston Chamber of Commerce and the Galveston
Economic Development Partnership. These two non‐profit entities provide economic development
planning and services City‐wide to both large and small businesses.
Capital Improvements Planning
While the City’s Public Works Department is responsible for Capital Improvement (CIP) planning
and projects, projects and plans for all departments are considered and contained within the plan.
Projects are determined based on municipal need, with prioritization based on recommendations
by City Staff and City Council approval. Throughout the project identification and implementation
process, consideration is given to hazard issues. In the aftermath of Hurricane Ike, many of the
identified CIP projects were reconsidered or redesigned, to ensure that the project would provide
the best possible protection from future hurricanes. For example, Lift Station #1, which had been
identified for rehabilitation prior to Ike, was reconsidered and redesigned to ensure protection to
the 500‐year flood elevation.
Land Conservation
There is no formal land conservation effort in the City at this time. Land use is addressed as part of
the City’s Comprehensive Plan, but no effort specifically addresses land conservation.

8.3.4 Overview of Relevant Statewide Mandatory Minimum Standards
Related to Local Ordinances and Policies
Texas practices home rule municipal government, meaning that much authority is given to
municipalities regarding policies and ordinances. The State does have some policies that impact
municipalities, however. These are listed in Table 8.3.4‐1 (below).
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Table 8.3.4‐1
State of Texas Policies that Impact Municipal Hazard Mitigation Efforts
Policy

State of Texas Policies that Impact Municipal Hazard Mitigation Efforts
Floodplain Management
House Bill 1018 requires Texas cities and counties to join the NFIP. The 77th
Legislature of the State of Texas amended Subchapter I, Chapter 16, Water Code, by
adding Section 16.3145 to read as follows: “The governing body of each city and
county shall adopt ordinances or orders, as appropriate, necessary for the city or
county to be eligible to participate in the National Flood Insurance Program...not
later than January 1, 2001.”

Description

The State has charged the Texas Water Development Board as the state agency
responsible for enforcement of this provision.
Policy

Building Codes

Description

The State has no formal mandate to adopt building codes, but does strongly
recommend that municipalities adopt IBC.

Policy

Critical Area Protection

Description

The Texas Water Code, which is part of the Texas Administrative Code, requires that
municipal utilities consider critical area protection in all infrastructure projects.

8.4 Current and Completed Hazard Mitigation Programs and
Projects
This section provides a review of the completed hazard mitigation projects or programs and
provides a description of potential or in‐process projects or programs and the agency or agencies
that the City worked with or is working with to complete the projects.
Table 8.4‐1
On‐going and Completed Hazard Mitigation Programs and Projects
On‐going and Completed Hazard Mitigation Programs and Projects
Program or Project

Hazard Mitigation Plan

Public Education

Description

Responsible
Department

The City is currently in the process of updating the
Multi‐Hazard Hazard Mitigation Plan.

Office of Emergency
Management

City conducts annual Hurricane Open House for
public information and education

Mayor’s Office,
Development
Department, Office
of Emergency
Management
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On‐going and Completed Hazard Mitigation Programs and Projects
Program or Project
Install Emergency Generator
at Galveston City Hall
Install Emergency Generator
at McGuire Dent Recreation
Center
Install Emergency Generator
at Fire Station #2
Install Emergency Generator
at Fire Station #7
Install Emergency Generator
at Fire Station #8
Acquisition of 60+
substantially damaged
structures on West End
Reconstruction of Main Waste
Water Treatment Plant
Mitigation of 59th Street Pump
Station

Description

Responsible
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project completed

Public Works
Department

Project underway

Public Works
Departments

Project Underway

Public Works
Departments

8.5 Summary
In conclusion, capability is an area that needs attention and work within the City of Galveston. The
recognition that hazard mitigation is effective is there, and the City has demonstrated its
commitment to mitigation through the development of this Plan and through the mitigation
projects that is has both completed and identified.
As noted, there is often limited staffing available at the local level to devote to hazard mitigation
related activities. This includes project identification and data gathering; grant writing and
application development; and the subsequent project management that follows an award of a grant.
Outside assistance or an augmented staff with knowledge in hazard mitigation project management
would be beneficial in bolstering Galveston’s efforts in reducing future risks. It would also assist in
preparing better project applications that may be selected based on a competitive selection process.
Additional staff and resources also creates the ability to improve coordination at all levels of
government.
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Section 09
Mitigation Action Plan
Contents of this Section
9.1
9.2
9.3
9.4

Requirement for the Mitigation Action Plan
Mitigation Goals, Objectives, and Actions (Updated)
Identification and Analysis of Mitigation Actions (Updated)
Prioritization and Implementation of Mitigation Actions (Updated)

9.1 Requirement for the Mitigation Action Plan
Requirement §201.6(c)(3): The plan shall include a mitigation strategy that provides the
jurisdiction's blueprint for reducing the potential losses identified in the risk assessment, based on
existing authorities, policies, programs and resources, and its ability to expand on and improve
these existing tools.
Requirement §201.6(c)(3)(i): [The hazard mitigation strategy shall include a] description of
mitigation goals to reduce or avoid long‐term vulnerabilities to the identified hazards.
Requirement §201.6(c)(3)(ii): [The mitigation strategy shall include a] section that identifies
and analyzes a comprehensive range of specific mitigation actions and projects being considered
to reduce the effects of each hazard, with particular emphasis on new and existing buildings and
infrastructure. [The mitigation strategy] must also address the jurisdiction’s participation in the
National Flood Insurance Program (NFIP), and continued compliance with NFIP requirements, as
appropriate.
Requirement: §201.6(c)(3)(iii): [The mitigation strategy section shall include] an action plan
describing how the actions identified in section (c)(3)(ii) will be prioritized, implemented, and
administered by the local jurisdiction. Prioritization shall include a special emphasis on the extent
to which benefits are maximized according to a cost benefit review of the proposed projects and
their associated costs.
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9.2 Mitigation Goals, Objectives, and Actions
This section contains goals, objectives, and action items for the City of Galveston Hazard Mitigation
Plan. For the purposes of this Plan, the following definitions are proposed:





Goals are general guidelines that explain what the City wants to achieve. Goals are
expressed as broad policy statements representing desired long‐term results.
Objectives (or strategies) describe strategies to attain an identified goal. Objectives are
more specific statements than goals; objectives are also usually measurable and can have a
defined completion date.
Mitigation Actions are the specific steps (projects, policies, and programs) that advance a
given objective. They are highly focused, specific, and measurable.

The hazard identification and risk assessment in Sections 06 and 07 consisted of identifying the
hazards that affect the City and the potential for damage to community assets that are vulnerable to
the hazards, including historic assets, critical facilities, and beaches. Section 08 identified the
strengths and weaknesses of state and local capabilities. The goals described below, in Table 9.3.3‐1
and following, were established and validated by the City of Galveston Hazard Mitigation Plan
Stakeholder Committee (HMPSC) members in response to these assessment results. The Committee
members considered the goals described in the 2011 City of Galveston Hazard Mitigation Plan, as
well as examples from other planning efforts, and determined the goals below to meet the
mitigation needs and vision of the City of Galveston.
The broad goals of the City of Galveston Hazard Mitigation Plan, as determined by the HMPSC, are
as follows:







Goal 1: Improve education and outreach efforts, specifically to the public, elected officials,
municipal employees and local businesses, regarding the potential impacts of hazards and
the identification of specific measures that can be taken to reduce those impacts.
Goal 2: Improve capabilities, coordination and opportunities at the municipal level to plan
and implement hazard mitigation projects, programs and activities, especially using GIS,
coordination with universities and colleges, and public/private partnerships.
Goal 3: Develop hazard mitigation policies and programs designed to reduce the impact of
natural and human caused hazards to people and property.
Goal 4: Identify and implement hazard mitigation projects to reduce the impact of hazard
events and disasters.

Specific objectives and actions to support these goals are described in Table 9.3.3‐1.
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9.3 Identification and Analysis of Mitigation Actions
9.3.1 Potential Mitigation Actions
The HMPSC has identified several hazard mitigation actions that would benefit the City. These were
identified in the HMPSC meetings, which included input from representatives of governmental
organizations, local businesses, and private citizens. These actions were determined after
consideration of a range of possible actions to mitigate the City’s vulnerabilities to the hazards
profiled in Section 06 of this Plan. The following discussion describes general categories of potential
actions, and ways they could benefit the City in mitigating their identified vulnerabilities.
Public Education and Outreach
Insurance industry and emergency management research has demonstrated that awareness of
hazards is not enough. People must know how to prepare for, respond to, and take preventive
measures against threats from hazards. This research has also shown that a properly run local
information program is more effective than national advertising or public campaigns.
Although concerted local and statewide efforts to inform the public exist, lives and property
continue to be threatened when segments of the population remain uninformed or chose to ignore
the information available. Public education and outreach serves to assist communities with
problems experienced from floods, high wind−straight‐line winds, severe storm−winter weather, as
well as other lower priority hazards. Educating the public of these life and property saving
techniques must remain a high priority item at the local, state, and federal levels and is consistent
with Goal 1.
National Flood Insurance Program, Floodplain Management, and Building Codes
Improved floodplain management, including land use planning, zoning, and enforcement at the
local level can reduce flood related damages for both existing buildings and new development and
are consistent with Goal 3. The use of the National Flood Insurance Program (NFIP) is critical to the
reduction of future flood damage costs to the taxpayer.
All developments, regardless of the location, require a permit to include buildings, fill, and any
other type development. The City of Galveston has the authority to implement and enforce adopted
ordinances related to floodplain management, building code and zoning compliance.
The NFIP requires that when the cost of reconstruction, rehabilitation, addition, or other
improvements to a building equals or exceeds 50% of the fair market value, then the building must
meet the same construction requirements as a new building. Substantially damaged buildings must
be brought up to new construction standards. A residence or building damaged so that the cost of
repairs equals or exceeds 50% of the structure’s fair market value must also be elevated above the
Base Flood Elevation (BFE) in flood zones where BFEs are established. This provision applies to the
entire jurisdiction of the City of Galveston.
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The original Flood Insurance Rate Maps for the City were issued on May 26, 1970. The City of
Galveston joined the NFIP on May 07, 1971, and has always been a member community in good
standing with the Program. The latest FIRMs for the City were completed in 2012.
Within floodplain management the education process must play an important role. As noted above,
an effective education program should be implemented to show citizens the importance of building
codes and ordinances and how cost effective they could be in reducing future damages.
Established through the NFIP, the Community Rating System (CRS) is a program that counties and
municipalities can elect to join. Once a community has joined, policy holders in participating
communities receive a discount on their flood insurance premiums. Because of being part of the
CRS, the City actively pursues public outreach programs. One of the requirements of CRS is an
annual outreach project, such as a Repetitive Loss Outreach Program. This program focuses on
repetitive loss areas within the City and consists of three main components. The first is to advise
the homeowners that they live in a repetitive loss area and could be subject to flooding. The second
is to give the homeowner appropriate property protection measure guidelines. The third is to make
the homeowner aware of the basic facts about Flood Insurance. The City is currently a member of
the CRS, and is rated as a Class 7 Community.
Each community that is a participating community in the NFIP Program is required to have both a
well‐trained municipal floodplain manager and construction code official. The City currently meets
this requirement. To ensure adequate enforcement of both codes, each community in the NFIP
should encourage additional training opportunities for all code enforcement personnel, to include
its municipal floodplain manager.
Floodplain management and building codes serve to assist the communities with problems
experienced from floods, hurricanes, tornadoes, and thunderstorms/lightning/high winds as well
as other lower priority hazards.
The City has adopted and currently enforces the International Building Code (IBC) 2012.
Flood Mitigation Actions
Retrofitting structures prone to periodic flooding is an effective mitigation technique to reduce the
flood loss of property and is consistent with Goal 4. Techniques include the elevation of structures,
acquisition, mitigation reconstruction, dry flood‐proofing, wet flood‐proofing, drainage
improvements, and installation of generators.
Elevation: involves raising a structure on a new foundation so that the lowest floor is above the
BFE. Almost any type and size of structure can be elevated.
Acquisition of Structures: the acquisition option is the most effective mitigation technique to
reduce the loss of property due to flooding. The owners of repetitive flood loss or flood damaged
structures sell their structure to the community on a cost share basis for the fair market value of the
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structure prior to the last flood event. The structure is removed and/or demolished and a deed
restriction is placed on the property for perpetuity, thus removing the structure from future flood
damage. This approach is most effective when flood prone structures located within the same
vicinity are grouped together and acquired. The remaining property is converted to open space, and
is subject to the building and development limitations outlined in the deed restriction. While the
property may be re‐developed, it may not be in any manner that impedes the floodplain or violates
the terms of the deed restriction.
Dry Flood‐proofing: is a mitigation technique designed to prevent floodwaters from penetrating
the structure. Techniques include the building of floodwalls adjacent to existing walls, the
installation of special doors to seal out floodwaters, and special backflow valves for water and
sewer lines. Dry flood‐proofing includes low cost mitigation measures such as raising air
conditioners, heat pumps, and hot water heaters on platforms above the BFE.
Wet Flood‐proofing: is a mitigation technique designed to allow for the safe entry of floodwaters
into a structure, thereby minimizing the flood damage to the structure. Generally, this includes
properly anchoring the structure, using flood resistant materials below the BFE, protection of
mechanical and utility equipment, and use of openings or breakaway walls. Application of wet
flood‐proofing as a flood protection technique under the NFIP is limited to enclosures below
elevated residential and non‐residential structures and to accessory and agricultural structures that
have been issued variances by the community.
Drainage: Improving the drainage capacity around roads and low‐lying areas is a time‐tested
technique to mitigate flood damage. Maintenance of drainage canals and laterals is essential to
maximize their efficiency and continued long term effectiveness. General actions to reduce the
effects of flooding include: widening and deepening the earthen canals, cleaning of existing ditches,
replacing existing culverts, upgrading pumps, installing check valves and inverts in certain culverts.
Maintaining and improving drainage serves to assist the communities with problems experienced
from floods, high winds, and severe storms.
Generators: Another cost‐effective retrofitting technique includes the installation of generators. By
providing power with generators during and after severe storms many critical facilities may
continue to provide necessary services to the community. The installation of generators serves to
assist the communities with problems experienced from floods, high winds, severe storms,
earthquakes, and other hazards that typically interrupt power supplies.
Wind Retrofitting Mitigation Actions
Structures can be retrofitted to withstand extreme wind events by installing hurricane shutters,
roof tie‐downs and other storm protection features. The exterior integrity is maintained by
protecting the interior of the structure and providing stability against extreme wind hazards,
particularly those associated with hurricanes and tornadoes. These types of measures can be
relatively inexpensive and simple to put in place.
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Another retrofitting technique is to bury electric power lines to avoid tree limbs from falling on
them or from wind damage resulting in a break in service to the consumer. Burying electric power
lines serves to assist the communities with problems experienced from extreme winds, tornadoes
and severe storms.
Early Warning Systems
With sufficient warning of a flood, a community and its residents can take protective measures such
as moving personal property, cars, and people out of harm’s way. When a flood threat recognition
system is combined with an emergency response plan that addresses the community's flood
problems, considerable flood damage can be prevented. This system must be coupled to warning
the public, carrying out appropriate tasks, and coordinating the flood response plan with operators
of critical facilities. A comprehensive education and outreach program is critical to the success of
early warning systems so that the public, operators of critical facilities, and emergency response
personnel will know what actions to take when warning is disseminated.
Early warning systems serve to assist the communities with problems experienced from floods,
extreme winds, severe storms, earthquakes, wildfire, and storm surge.
Coastal Hazards
With a clear understanding of coastal hazards, communities can work towards preventing future
damages. Some mitigating measures are:
Educational Outreach: develop and conduct educational outreach programs on the effects of
coastal hazards as well as on how to minimize future erosion.
Erosion Zone Studies: conduct detailed studies to identify erosion hazard zones and provide
direction for future coastal development.
Beach and dune restoration projects can also be undertaken to mitigate this hazard.
Wildfire/Urban Fire: the following mitigation measures can be applied to those areas of the
community, which are designated as fire risk zones.
Educational Outreach: develop and conduct educational outreach programs on wildfire and urban
fire prevention including training on fire safe building for contractors and homeowners.
Retrofitting: existing buildings can be retrofitted to reduce their vulnerability to wildfires and
urban fires. Potential measures include covering roof vents with wire mesh to prevent entry of
embers or flaming debris, and replacing flammable roof materials such as wood or certain types of
shingles. Fire resistant roofing materials include various tiles, fiberglass shingles, and single ply
membranes.
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Safety Zones: safety zones can be created around structures by reducing or eliminating brush,
trees, and vegetations around a home or facility. FEMA recommends using a 30' safety zone,
including keeping grass below 2″ tall and clearing all fallen leaves and branches promptly.
Fire Breaks: roads and trails can be planned to serve a dual function as firebreaks. Firebreaks are
areas of inflammable materials which create a fuel break and do not allow fires to spread.

9.3.2 City‐Wide Mitigation Actions
The HMPSC developed the following program of mitigation actions in response to the risk and
capability assessments (see Sections 07 and 08) that will be implemented on a City‐wide basis.
These actions are presented in Table 9.3.2‐1 (following), and are organized by goal and objective.
The actions presented in the table represent both previously identified actions from other planning
efforts and modified actions, determined through discussions with the HMPSC and City Staff. In
developing this action plan, the HMPSC first reviewed the existing action plan from the 2011 plan,
and determined which actions were still applicable/necessary and which ones had been completed
or were no longer necessary.
All completed actions were kept for future use as an opportunity arises. Actions determined to be
deleted are indicated by shading. Those actions that were identified in previous planning efforts
and are not yet been completed have been deferred. In all cases, these actions were not completed
due to one or more of the following circumstances:



Lack of available funding; or
Activity is on‐going for the City of Galveston.
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Table 9.3.2‐1
City of Galveston – Mitigation Action Plan

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Goal 1:
Improve education and outreach efforts, specifically to the public, elected officials, municipal employees and local businesses, regarding the potential impacts
of hazards and the identification of specific measures that can be taken to reduce those impacts.
Objective 1.1:
Educate the public and others on actions they can take to prevent or reduce loss or life or property damage from all hazards.

Provide hazard and disaster
awareness and preparedness
information to the public, both
residents and visitors.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$10,000+

General Fund

Office of
Emergency
Management
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2016‐2021
On‐going annually

This is an ongoing action
for the City of Galveston.

High

City of Galveston – Mitigation Action Plan
Proposed Action

Use internet to provide
information to residents and
visitor regarding natural
disasters, preparation and
protection.
Investigate use of social media
to provide information.
Maintain use of One Call
Reaches All as means of
notification and information.

Conduct town meeting prior to
start of hurricane season, to
provide information to
residents.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes
Extreme Wind;
Flooding;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Existing
(On‐going)

$5,000+

General Fund

Office of
Emergency
Management

2016‐2021
On‐going annually

This activity is on‐going in
the aftermath of Hurricane
Ike

High

Existing
(On‐going)

$10,000+

General Fund

Office of
Emergency
Management

2016‐2021
On‐going Annually

This activity occurs
annually prior to hurricane
season.

High
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City of Galveston – Mitigation Action Plan
Proposed Action

Purchase and distribute NOAA
All‐Hazard radios or other
public notification devices to
public facilities, schools, day
cares, medical facilities, critical
facilities, and large public
gathering places.

Implement public information
and education campaign to
educate residents and
businesses about benefits of
xerogardening and
xeriscaping.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$100 per unit

FEMA HMGP

Office of
Emergency
Management

2016‐2021

Applies to existing and
future development.

High

$5,000

General
funds, Texas
Agriculture
Extension
Service

Public Works

2016‐2021

Applies to existing and
future development.

High

Drought

Existing
(On‐going)
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action
Implement public information
and education campaign to
educate residents and
businesses about hazardous
materials incidents, evacuation
procedures in the event of an
accident, and sheltering‐in‐
place.
Implement public information
and education campaign to
educate residents and
businesses on how to reduce
the threat of urban fires and
wildfires.

Hazard(s)
Addressed

Hazardous
Materials
Incident

Wildfire /
Urban Fire

New or
Existing
Action

Existing
(On‐going)

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$2,500

Private
Funds,
General
funds, FEMA
HMGP

Galveston Fire
Department, Office
of Emergency
Management,
Public Works,
Police Department

2016‐2021

This is an ongoing activity
for the City of Galveston

High

FEMA HMGP,
Texas Forest
Service,
General
Funds

Galveston Fire
Department, Office
of Emergency
Management

2016‐2021

Applies to existing and
future development.

High

$2,500

July 27, 2017 – Page 9‐11

Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action

Increase on‐island CERT
capability and capacity.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

County Emergency
Management

2016‐2021

Comments

This is an ongoing activity
for the City of Galveston

Priority

Moderate

Goal 2:
Improve capabilities, coordination and opportunities at the municipal level to plan and implement hazard mitigation projects, programs and activities,
especially through the use of GIS, coordination with universities and colleges, and public/private partnerships.
Objective 2.1:
Acquire and maintain detailed data regarding vulnerabilities, including critical facilities and historic assets, so that these resources can be prioritized and
assessed for mitigation actions.
Work cooperatively with
NOAA and other agencies to
conduct workshop/study on
sea level rise in Galveston.

Coastal
Hazards;
Sea Level
Change

Existing
(On‐going)

$5,000+

General
Funds, NOAA

Development
Department
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2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Implementation of
Sustainability Plan/Program
Implementation.

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(Modified)
(On‐going)

$125,000

General
Funds, CDBG

Development
Department

2016‐2021
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Comments

Applies to existing and
future development.

Priority

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Implementation of
Greenprinting Plan for areas
east of West End study.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(Modified)
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

$5,000

General
Funds, Texas
Parks and
Wildlife,
CDBG

Agency /
Department
Responsible

Development
Department
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Implementation
Schedule

Comments

Priority

2016‐2021

“Greenprinting” refers to a
strategy to manage growth
that ensures quality of life,
clean air and water,
recreation and economic
health. Applies to existing
and future development.

Moderate

City of Galveston – Mitigation Action Plan
Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$10,000

General
Funds, CDBG

Development
Department

2016‐2021

Applies to future
development.

Moderate

Consider / Development of
structural acquisition
plan/procedures.

Flooding

Existing
(On‐going)

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Consider / Development of
structural elevation
plan/procedures.

Flooding

Existing
(On‐going)

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Proposed Action

Develop proposed land use
mapping to allow easier
consideration of hazards in
future development.

Comments

Priority

$10,000

$10,000
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City of Galveston – Mitigation Action Plan
Proposed Action

Consider alternative
methodologies for
determination of substantial
damage.

Consider / Contract for
historic property mitigation
study, to determine best
practices for mitigation of
homes on larger scale.

Hazard(s)
Addressed
Extreme Wind;
Flooding;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Existing
(On‐going)

$5,000

$50,000

Existing
(On‐going)

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

General
Funds, THC,
GHF,
National
Park Service,
CDBG

Development
Department

2016‐2021

Applies to existing
structures.

Moderate
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Digitalization of paper records,
city‐wide, for access post‐
disaster (mitigate data loss
and allow for continuity of
operations/government).

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

General
Funds, FEMA
HMGP, CDBG

Development
Department,
Municipal Utilities,
Office of
Emergency
Management,
IT/Finance
Department

2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate
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City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Develop detailed inventory of
critical facilities, to include
elevations, square footage and
contents inventory.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

Development
Department,
Municipal Utilities,
Office of
Emergency
Management

2016‐2021

Comments

Applies to existing and
future development.

Priority

High

Goal 3:
Develop hazard mitigation policies and programs designed to reduce the impact of natural and human caused hazards to people and property.
Objective 3.1:
Seek ways to reduce losses to the National Flood Insurance Program, and to increase participation in and compliance with the NFIP.
Maintain membership of the
NFIP’s Community Rating
System.

Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami

Existing
(Modified)
(On‐going)

$10,000

General
Funds

Development
Department
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2016‐2021

Joined and rated as a 7.

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Consider adoption and
enforcement of freeboard
requirement into City’s Flood
Damage Prevention Ordinance.

Increase and maintain number
of floodplain managers in the
building division through
training and certification.

Hazard(s)
Addressed
Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes
Coastal
Hazards;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Moderate

Moderate

Existing
(On‐going)

$2,500

General
Funds

Development
Department

2016‐2021

Action is currently under
consideration for
implementation. Would
apply to future
development and any
existing structures
designated as substantially
damaged or improved.

Existing
(Modified)
(On‐going)

$10,000

General
Funds, FEMA

Development
Department

2016‐2021

This is an ongoing activity
for the City of Galveston

Objective 3.2:
Consider measures to ensure that modifications to existing development, as well as any future development, will not put people or property in harm’s way, or
will not increase threats to existing properties.

Support aggressive beach
nourishment program to
address critical erosion areas.

Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Existing
(On‐going)

Unknown

USACE, GLO,
CIAP, GLO
CEPRA

GLO, Development
Department
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2016‐2021

This is an ongoing activity
for the City of Galveston

High

City of Galveston – Mitigation Action Plan
Proposed Action

Restore destroyed dune
systems to decrease / mitigate
damage to public and private
property.

Install shoreline protection
devices in areas subject to
coastal erosion to reinforce
dune systems.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Existing
(On‐going)

Unknown

FEMA
HMGP/PDM/
FMA, State
(CEPRA) and
local grants,
USACE

GLO, Development
Department, Park
Board,
Homeowner’s
Associations,
Individual
Property Owners

2016‐2021

This is an ongoing activity
for the City of Galveston

High

Existing
(On‐going)

$175,000

FEMA HMGP,
USACE, GLO

GLO, Development
Department, Public
Works

2016‐2021

This is an ongoing activity
for the City of Galveston

Moderate

2016‐2021

Applies to existing
structures.

Comments

Priority

Goal 4:
Identify and implement hazard mitigation projects to reduce the impact of hazard events and disasters.
Objective 4.1:
Pursue opportunities to mitigate identified Repetitive Loss and Severe Repetitive Loss properties

Elevation, acquisition or other
mitigation of identified
Repetitive Loss and Severe
Repetitive Loss properties.

Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Existing
(On‐going)

$80,000+ (per
structure)

CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC

Development
Department

Objective 4.2:
Pursue opportunities for structural mitigation projects and other projects to protect infrastructure from hazards.
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High

City of Galveston – Mitigation Action Plan
Proposed Action

Exposed concrete and rebar on
public beaches – remove
debris and threat to public and
private property – reducing
property damage during
hazard events.

Elevate coastal roads to better
protect public during
evacuation and to protect the
roads from flood damage,
where technically feasible.

Implement improved drainage
projects and better
maintenance program for
clearing drainage ditches.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

New or
Existing
Action

Existing
(Completed
) (On‐going
for future
occurrences
)

Existing
(On‐going)

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Unknown

FEMA Public
Assistance,
GLO, CEPRA,
Texas Beach
Sweep, CDBG

Public Works, GLO,
USACE

2016‐2021

Unknown

Potential
funding from
TXDoT,
CDBG

FHWA, TXDoT,
Public Works

2016‐2021 Ongoing
project

Unknown

TWDB, FEMA
HMGP, CDBG,
Enterprise
Funds

Public Works

2016‐2021
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Comments

Priority

This is an ongoing activity
for the City of Galveston

High

Applies to existing and
future coastal roads.

High

Applies to existing and
future drainage systems.

High

City of Galveston – Mitigation Action Plan
Proposed Action

Elevation of structures at risk
from flooding.

Install security/surveillance
equipment at all municipal
facilities.

Identify and purchase needed
vehicles and equipment for
public safety departments.

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami
Hazardous
Materials
Incident
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Existing
(On‐going)

$50,000 ‐
$100,000 (per
structure)

CDBG, FEMA
HMGP /
PDM/
FMA/SRL,
Property
Owners,
NFIP ICC

Development
Department

2016‐2021

Existing
(On‐going)

$100,000

TDEM, DHS,
General
Funds

Office of
Emergency
Management

2016‐2021

Applies to existing and
future development.

High

FEMA PA,
DHS, General
Fund, CDBG

Fire Department,
Police Department,
Public Works,
Beach Patrol,
Office of
Emergency
Management

2016‐2021

Some equipment and
vehicles will be or has been
purchased through FEMA
PA funding.

High

Existing
(On‐going)

$750,000

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Will require coordination
with TDEM and FEMA to
address BCA issues.
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Applies to existing
structures. (Future
structures will require
elevation to meet current
codes/ordinances.)

Moderate

City of Galveston – Mitigation Action Plan
Proposed Action

Harden facility and improve
security at unmanned
municipal utility facilities.

Acquisition and demolition of
structures damaged by
flooding, including abandoned
structures.

Elevation or other flood
protection of historic
structures at risk from
flooding.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Environmental
Disaster;
Extreme Wind;
Flooding; Hail;
Hazardous
Materials
Incident;
Sea Level
Change; Severe
Winter Storm;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Hazards;
Extreme Wind;
Flooding;
Sea Level
Change;
Tsunami

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

$1,000,000

General
Funds, DHS,
TWDB, FEMA
HMGP/PDM

Existing
(On‐going)

$50,000+ (per
structure)

Existing
(On‐going)

$50,000+ (per
structure)

CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC
CDBG, FEMA
HMGP/
PDM/ FMA/
SRL/ RFC,
Property
Owners,
NFIP ICC

Agency /
Department
Responsible

Implementation
Schedule

Comments

Priority

Municipal Utilities

2016‐2021

Action will be dependent
on availability of funding,
and applies to both existing
and future development.

Moderate

Development
Department

2016‐2021

Applies to existing
structures.

Moderate

Development
Department

2016‐2021

Applies to existing
structures.

Moderate
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Study, evaluate, design and
construct flood control
methods, with particular
emphasis on the protection of
critical facilities and critical
infrastructure.

Mitigation/hardening of
substantially damaged
structures (historic/non‐
historic).

Hazard(s)
Addressed
Biologic
Events;
Coastal
Hazards;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes
Coastal
Hazards;
Extreme Wind;
Flooding; Hail;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

Existing
(On‐going)

$50,000+ (per
structure or
device)

CDBG, FEMA
HMGP/
PDM/ FMA,
General Fund

Public Works

2016‐2021

Applies to existing and
future structures.

Moderate

Existing
(On‐going)

$50,000+ (per
structure)

CDBG, FEMA
HMGP/ PDM,
Property
Owners

Development
Department

2016‐2021

Applies to existing and
future structures.

Moderate
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Identify critical facilities and
other necessary public
buildings that require
emergency power generation ‐
Purchase and install
emergency power generators
and related housing and
connection equipment at all
critical facilities or other
necessary public buildings.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Unknown

FEMA HMGP,
CDBG,
General
Funds,
Enterprise
Funds

Office of
Emergency
Management,
Public Works

July 27, 2017 – Page 9‐25

Implementation
Schedule

2016‐2021

Comments

Some facilities addressed
after Ike. Additional
facilities to be identified.
Applies to existing and
future development.

Priority

High

City of Galveston – Mitigation Action Plan
Proposed Action

Hazard(s)
Addressed

Design and construct a Safe
Room (using FEMA 361 design
guidance) to house emergency
personnel and first responders
who must remain on the island
during evacuations.

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$25‐$30MM

FEMA
HMGP/ PDM,
General
Funds,
Donations,
CDBG

Office of
Emergency
Management, City
Manager’s Office

2016‐2021
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Comments

Project applied for under
DR‐1791 HMGP.

Priority

Moderate

City of Galveston – Mitigation Action Plan
New or
Existing
Action

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$5,000+ per
project

FEMA
HMGP/
PDM/ FMA,
General
Funds,
TWDB, CDBG

Public Works

2016‐2021

Applies to existing
structures.

Moderate

Drought

Existing
(On‐going)

$10,000

Arbor Day
Foundation
General
Funds, CDBG

2016‐2021

Applies to existing and
future development.

Moderate

Hazardous
Materials
Incident

Existing
(On‐going)

$25,000+

Private
funding

2016‐2021

Cost would be dependent
on material.

Moderate

Extreme Wind;
Lightning;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$2,500

Private
Funds,
General
funds

2016‐2021

Joined and renewed
membership‐ September
2015.

Low

Proposed Action

Hazard(s)
Addressed

Perform retrofits of public
utilities (including sanitary
sewer and drinking water
systems), which may include
the following: inflow guards on
manhole covers, elevated
electrical components, flood
proof or elevate utility
structures within SFHAs, ring
berms around critical facilities
that cannot feasibly be
elevated, watertight manhole
covers, tied down fuel storage
tanks.

Biologic
Events;
Coastal
Hazards;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

Increase native canopy by tree
planting in public rights‐of‐
way to reduce urban heat
levels.
Develop and implement a
system for early detection /
notification of hazardous
materials incidents, leaks and
accidents.
Investigate eligibility and
benefits of National Weather
Service’s “StormReady”
Community program –
Maintain program
membership

Development
Department, Public
Works, Parks and
Rec
Galveston Fire
Department, Public
Works, Office of
Emergency
Management
Office of
Emergency
Management
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Comments

Priority

City of Galveston – Mitigation Action Plan
Proposed Action
Wind retrofit critical facilities
and those other public
buildings that must function
following as extreme wind
event.
Develop and implement
stormwater drainage system
improvements.

Hazard(s)
Addressed
Extreme Wind;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$25,000+

Flooding

Existing
(On‐going)

$25,000

Develop vegetation
management program to
mitigate spread and fueling of
fires.

Wildfire /
Urban Fire

Existing
(On‐going)

$5,000

Investigate ways to harden
and protect facilities and
infrastructure belonging to
Gulf Coast Water Authority
(Sole source provider of
potable water to City) –
Implement projects as funding
becomes available.

Extreme Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tropical
Systems and
Hurricanes;
Tornadoes

Existing
(On‐going)

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

FEMA
HMGP/ PDM,
General
Funds, CDBG

Office of
Emergency
Management,
Development
Department, Public
Works, City
Manager’s Office

General
Funds,
Enterprise
Funds,
TWDB, CDBG
FEMA
HMGP/ PDM,
Texas Forest
Service,
General
Funds, CDBG

General
Funds,
Enterprise
Funds, FEMA
HMGP/ PDM,
CDBG

Implementation
Schedule

Comments

Priority

2016‐2021

Project for McGuire Dent
Recreation Center funded
under DR‐1791 HMGP.
Applies to existing
structures.

Moderate

Public Works

2016‐2021

Applies to existing and
future development.

Moderate

Galveston Fire
Department

2016‐2021

Applies to existing and
future development.

Moderate

Municipal Utilities

2016‐2021

Applies to existing and
future development.

High
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Proposed Action

Rehabilitate the 1894 Bayline,
for use as emergency water
connection in the event of
failure or damage of the water
main.

Implement plans for
elimination of on‐site sewage
treatment.

Monitor funding sources for
opportunities to provide
assistance to homeowners for
purchase of grinder pumps
(maintenance would remain
property owner’s
responsibility).

Hazard(s)
Addressed
Coastal
Hazards;
Extreme Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tropical
Systems and
Hurricanes;
Tornadoes
Biologic Event;
Coastal
Hazards;
Environmental
Disaster;
Flooding;
Sea Level
Change;
Tsunami;
Tropical
Systems and
Hurricanes

Biologic Event

New or
Existing
Action

Existing
(Deferred)

Existing
(On‐going)

Remove /
Drop

Estimated
Cost

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

$15,000,000

General
Funds,
Enterprise
Funds, CDBG
FEMA HMGP

Municipal Utilities

2016‐2021

Applies to existing
equipment/structures.

$10,000+ per
structure

General
Funds,
Enterprise
Funds, CDBG,
Property
Owners

Development
Department,
Municipal Utilities

2016‐2021

Applies to existing
structures.

Moderate

2011‐2016

The city has taken the
position that grinder
pumps are not a preferred
option. This action will be
removed during the next
plan update.

Moderate

$5,000+ per
structure

Unknown at
this time

Development
Department,
Municipal Utilities
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Comments

Priority

High
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Proposed Action

Investigate and implement
hardening of IT and phone
(communication)
infrastructure, to include off‐
site/remote facilities.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds, FEMA
HMGP, CDBG

Development
Department, Office
of Emergency
Management,
IT/Finance
Department

2016‐2021
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Comments

Applies to existing and
future infrastructure.

Priority

High

City of Galveston – Mitigation Action Plan
Proposed Action

Increased capacity/hardening
for internal departmental
communication.

Hazard(s)
Addressed
Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New or
Existing
Action

Existing
(On‐going)

Estimated
Cost

$5,000+

Potential
Funding
Source(s)

Agency /
Department
Responsible

Implementation
Schedule

General
Funds, FEMA
HMGP, CDBG

Development
Department,
Municipal Utilities,
Office of
Emergency
Management,
IT/Finance
Department

2016‐2021
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Comments

Applies to existing and
future infrastructure.

Priority

High

City of Galveston – Mitigation Action Plan
Proposed Action

Develop a standby application
for post‐disaster code
enforcement (includes
building, compliance, planning,
public works, etc).

Hazard(s)
Addressed

New or
Existing
Action

Estimated
Cost

Biologic Event;
Coastal
Hazards;
Drought;
Environmental
Disaster;
Extreme Heat;
Extreme Wind;
Expansive
Soils;
Flooding; Hail;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change; Severe
Winter Storm;
Tsunami;
Wildfire /
Urban Fire;
Tropical
Systems and
Hurricanes;
Tornadoes

New

$5,000

Potential
Funding
Source(s)

General
Funds

Agency /
Department
Responsible

Implementation
Schedule

Development
Department

2016‐2021
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Comments

This is an ongoing activity
for the City of Galveston

Priority

High

9.4 Prioritization and Implementation of Mitigation Actions
The preceding section identified specific actions to achieve identified goals, an appropriate
responsible party for each action, the action’s applicability to existing or future development, an
estimated cost for each action, a schedule for accomplishment and suggested funding sources. An
initial prioritization was also depicted.
Priorities were initially determined on a qualitative basis by the HMPSC. The considerations were
general feasibility and anticipated effectiveness in reducing risk. Detailed benefit‐cost analyses
were not performed (see notes below) but general cost effectiveness of the types of actions being
considered was considered.
The mitigation action items with highest priority were generally considered to be the most cost
effective and most compatible with the community’s social and cultural values.
Per the results of the Capability Assessment in Section 08, of concern regarding the effective
implementation of mitigation actions and strategies is that there is often little to no staffing
available at the local level to devote to hazard mitigation related activities, including monitoring for
funding opportunities. Staffing, resources, and coordination of effort are at a premium with little
chance of significant change to these issues in the foreseeable future. Therefore, the inclusion of any
specific action item in this document does not commit the City to implementation. Each item will be
considered for implementation in terms of the available staff and funding resources on a periodic
basis. In addition, certain items may require regulatory changes or other decisions that must be
implemented through standard processes, such as changing regulations.
The method that the HMPSC utilized to help them consider and prioritize potential action items for
funding applications at that time in a systematic way is called the Social, Technical, Administrative,
Political, Legal, Economic, and Environmental (STAPLEE) method. This method, which was also
utilized by the State of Texas in the State Mitigation Plan, helped the HMPSC to weigh the pros and
cons of different alternatives for each of the identified actions and objectives. Table 9.4‐1
(following) describes the basic steps in the STAPLEE methodology.

Table 9.4‐1
STAPLEE Methodology
STAPLEE
S‐Social

T‐Technical

STAPLEE Methodology
Criteria Explanation
Mitigation actions are acceptable to the community if they do not
adversely affect a particular segment of the population, do not cause
relocation of lower income people, and if they are compatible with the
community’s social and cultural values.
Mitigation actions are technically most effective if they provide long‐
term reduction of losses and have minimal secondary adverse
impacts.
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STAPLEE
A‐Administrative
P‐Political
L‐Legal
E‐Economic

E‐Environmental

STAPLEE Methodology
Criteria Explanation
Mitigation actions are easier to implement if the jurisdiction has the
necessary staffing and funding.
Mitigation actions can truly be successful if all stakeholders have been
offered an opportunity to participate in the planning process and if
there is public support for the action.
It is critical that the jurisdiction or implementing agency have the
legal authority to implement and enforce a mitigation action.
Budget constraints can significantly deter the implementation of
mitigation actions. Hence, it is important to evaluate whether an
action is cost‐effective, as determined by a cost benefit review, and
possible to fund.
Sustainable mitigation actions that do not have an adverse effect on
the environment, that comply with federal, state, and local
environmental regulations, and that are consistent with the
community’s environmental goals, have mitigation benefits while
being environmentally sound.

The HMPSC defined High, Moderate, and Low priorities to be assigned in this process. Values of 1,
2, or 3 were assigned to each of the STAPLEE criteria, with 1 being low or not a
concern/impediment to the project, 2 being moderate or a potential concern/impediment, and 3
being high or a likely concern/impediment to the project. A formula was applied to determine the
project’s overall ranking. Projects with a total STAPLEE score of less than 7 were assigned an
overall ranking of Low. Projects will a total STAPLEE score of more than 16 were assigned an
overall ranking of High. All other projects were assigned a Moderate priority ranking. During the
Update process, the HMPSC considered the action’s previous ranking, and determined any changes
to it based on current conditions.
Once funding sources are identified (e.g., via grant announcements from TDEM or FEMA) the list of
mitigation actions will be reviewed to select actions that meet the grant criteria. Then, priority
rankings for the short list of projects will be determined by the responsible department or agency.
Depending on the available grant funding, the HMPSC will determine how many of the selected and
prioritized projects should be submitted for funding starting with the highest priority projects as
determined at the time.

Benefit‐Cost Analysis
Per the IFR, communities are required to use benefit‐cost analysis to prioritize projects for
implementation. At this stage, the analysis of costs and benefits has been done at a general level.
However, as project funding becomes available, the City will undertake a more extensive process.
Benefit‐cost analysis (BCA) compares the benefits of mitigation measures to the costs, and is a
technique used for evaluating the cost‐effectiveness of mitigation measures. FEMA requires a BCA
for most mitigation projects that receive FEMA funding.
July 27, 2017 – Page 9‐34

The HMPSC discussed the potential costs associated with each type of mitigation measure and
decided that any project had the potential to be cost effective if its scope were properly tailored to
the situation. For example, one of the most effective mitigation measures identified for repetitively
flooded structures is elevation. It may not be cost effective to elevate every single repetitively
flooded structure in the City, but it almost certainly would be cost effective to elevate those that
cause the largest drain to the NFIP.
After discussing the possible costs of the various mitigation measures, the HMPSC decided that
instead of working on developing a very generic BCA at this time for projects that may not ever be
authorized, they would wait until specific funding sources are identified and available. For example,
the City and its partners are not financially capable of elevating or acquiring any repetitively
flooded structures without federal grant assistance. However, at the time that grants become
available (HMGP after disasters, or PDM and FMA grants annually), the City will collect detailed
information on each structure that is interested in participating in the grant program and perform a
BCA to help rank the structures as part of the STAPLEE process to determine which should receive
funding first.
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Section 10
Plan Monitoring and Maintenance
Contents of this Section
10.1
10.2
10.3
10.4
10.5
10.6

Requirement for Plan Monitoring and Maintenance
Method for Monitoring the Plan (Updated)
Schedule for Monitoring the Plan (Updated)
Method and Schedule for Evaluating and Updating the Plan (Updated)
Circumstances that Will Initiate Plan Review and Updates (Updated)
Continued Public Involvement (Updated)

10.1 Requirement for Plan Monitoring and Maintenance
Requirement §201.6(c)(4)(i): [The plan maintenance process shall include a] section describing the
method and schedule of monitoring, evaluating, and updating the mitigation plan within a five‐year
cycle
Requirement §201.6(c)(4)(ii): [The plan shall include a] process by which local governments
incorporate the requirements of the mitigation plan into other planning mechanisms such as
comprehensive or capital improvement plans, when appropriate.
Requirement §201.6(c)(4)(iii): [The plan maintenance process shall include a] discussion on how
the community will continue public participation in the plan maintenance process.

10.2 Method for Monitoring the Plan (Updated)
The City’s maintenance strategy for implementation, monitoring, and evaluation provides a
structure that encourages collaboration, information transference, and innovation. Through a
multi‐tiered implementation method, the City will provide its citizens a highly localized approach to
loss reduction while serving their needs through coordinated policies and programs. Finally, it will
provide a tangible link between citizens and the various levels of government service, ranging from
community action to the US Department of Homeland Security. Through this strategy, the City of
Galveston will continue to break the disaster cycle and achieve a more disaster resistant
community.
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This Plan will be monitored by the Deputy Emergency Mangement Coordinator. The Deputy
Emergency Mangement Coordinator will monitor the plan for several related purposes:






Maintain the currency of hazard and risk information;
Ensure that mitigation projects and actions reflect the priorities of the City and
stakeholders;
To comply with Federal Emergency Management Agency (FEMA) and State of Texas
requirements for plan maintenance;
To maintain the City’s eligibility for federal disaster assistance and mitigation grants; and
To ensure this Plan is in harmony with other City planning efforts.

The Deputy Emergency Mangement Coordinator will continuously monitor the plan with respect to
the purposes noted above, and with respect to the update triggers noted in Section 10.5 (following).
During the Plan update process, the HMPSC determined this method to be valid.

10.2.1 Implementation
In order to ensure efficient and effective implementation, the City will make use of its capabilities
and infrastructure. The City will implement its mitigation strategy over the next five years.
The City has a variety of regulatory mechanisms that can be used to achieve the overall mitigation
strategy. These are identified in detail in the capability identification section. The Deputy
Emergency Mangement Coordinator will work in conjunction with those departments identified in
the mitigation strategy section to initiate the strategy outlined in the Mitigation Action Plan
(Section 9). For example, any facility‐related measures will be implemented through the capital
facilities program and the various departments involved through the normal City budget schedule.
These efforts fall under a broader implementation strategy that represents a City‐wide effort. This
strategy must be adaptable to change while being consistent in its delivery. It must also provide a
means for tracking and evaluating implementation so that benefit‐cost ratios are maximized.
The implementation strategy for the City’s identified mitigation measures is a tiered system that
emphasizes localized needs and vulnerabilities while addressing City‐wide policies and programs.
This system ensures that implementation speaks to unique vulnerabilities at the most local level,
allows for coordination among and between levels, and promotes collaboration and innovation.
Further, it provides a structured system of monitoring implementation. Finally, it is a system that
can adapt to the changing vulnerabilities of the City, the region, and the times. These four levels and
their methods of implementation and collaboration are described below.
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10.2.2 Public Education Programs
At the individual citizen level, public education and outreach programs provide the City with a
localized mechanism for implementation. This approach to mitigation can adapt to the varying
vulnerabilities and needs throughout the City. Public education programs are also a means for
involving the public in mitigation policy development. Departments conducting mitigation‐related
programs will provide information regarding proposed mitigation measures to individuals, to aid
individuals in choosing methods those that would be most effective in their communities.
The public education programs level will also include NFIP recommended aspects that will help
increase the City’s CRS rating. The Floodplain Administrator and the Director of the Development
Department will coordinate this effort, and the specific measures that need to be undertaken.

10.2.3 Hazard Mitigation Committee
The City of Galveston’s HMPSC will be the body responsible for determining the direction of
mitigation policy recommendations and will be responsible for reviewing the performance
measures and Plan implementation. The City of Galveston HMPSC represents a City‐wide group of
hazard and vulnerability experts and government employees whose departments will be
responsible for many of the implementation activities. This Committee will be composed of
representatives from all the departments comprising the HMPSC as well as representatives from
departments identified in the capability identification section as having a role in hazard mitigation.
The Committee will be responsible for collaborating on City‐wide policies and programs on the
parish‐wide level. Meetings will occur annually (targeted for April, though subject to scheduling) to
coincide with the normal budgeting processes and provide an ample time period for review and
adoption of any necessary changes to the implementation schedule. This schedule will also allow
for any updates or revisions to the Plan to be presented to the public at the annual Hurricane Open
House, held prior to each hurricane season. The City’s HMPSC will be responsible for monitoring,
evaluating, and updating the Plan (discussed below). The HMPSC will ultimately provide a
mechanism for coordination among those departments engaged in mitigation to ensure that a
comprehensive and efficient approach be undertaken in the City’s efforts at all‐hazards mitigation.
The Emergency Management Coordinator and the Planning and Community Development
Department will coordinate these activities.

10.3 Schedule for Monitoring the Plan
Informal Plan monitoring activities will be ongoing. In addition to the FEMA mandated five year
update cycle, Deputy Emergency Mangement Coordinator will perform an informal review of the
Plan at least annually, or more often as circumstances require. At least annually, a progress report
will be prepared, noting any updates to information in the Plan or progress that has been made
towards the goals, objectives or actions identified in the Plan.
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In addition to the scheduled reports, Deputy Emergency Mangement Coordinator will convene
meetings after damage‐causing natural hazard events to review the effects of such events. Based on
those effects, adjustments to the mitigation priorities identified in Section 09 may be made or
additional event‐specific actions identified.
During the Plan update process, the HMPSC determined this schedule to be valid.

10.4 Method and Schedule for Evaluating and Updating the Plan
{Note to FEMA reviwers: the following dates will be filled in once these events have
occurred}
The City of Galveston’s Hazard Mitigation Plan be updated with in five years, and will be submitted
to TDEM and FEMA for review and approval.
Comprehensive review of and revisions to this Plan will be undertaken on a five‐year cycle. This
Plan was adopted in [Insert Date], and thus must undergo a formal FEMA‐compliant update process
by [Insert Date + 5 years]. Approximately 18‐24 months prior to the five year anniversary of Plan
adoption, the Emergency Management Coordinator and the Planning and Community Development
Department will initiate a comprehensive review of the Plan with particular attention to FEMA
guidance.
The Deputy Emergency Mangement Coordinator will prepare a report (1) describing the update
requirements; (2) summarizing the staff analysis of the Plan, highlighting areas that require
modification and explaining the reasons why the modification is needed, and; (3) providing detailed
recommendations about how the Plan should be updated, noting any technical work that may be
required. The report will sequentially be provided to the City’s HMPSC and City Council for
consideration. The report will also be posted on the City’s website for public review and comment.
The HMPSC and the City Council will review the report and recommendations and advise the
Deputy Emergency Mangement Coordinator as to how to proceed on the individual
recommendations for the updates. The Deputy Emergency Mangement Coordinator will initiate
activities to carry out the recommendations, and will prepare draft updates to the Plan on a
schedule determined in cooperation with the HMPSC and the City Council.
When the draft updates are completed, the HMPSC will be convened to conduct the comprehensive
evaluation and revision. Deputy Emergency Mangement Coordinator will produce a final draft of
the updated Plan for consideration by the HMPSC. The HMPSC will review the updated Plan,
indicate any desired changes, and recommend approval and adoption of the Plan Update in
sufficient time to meet FEMA requirements.
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10.4.1 Incorporation into Existing Planning Mechanisms
The City of Galveston Hazard Mitigation Plan Stakeholder Committee (HMPSC) has created a
process by which this plan has considered and incorporated the requirements into other plans
(where appropriate). During the development of this plan the HMPSC reviewed the Flood Damage
Prevention Ordinance, adopted and enforced by the City, as well as the City’s currently enforced
building codes. Other City plans were considered during the creation of this plan, including








City of Galveston Comprehensive Plan
City of Galveston Capital Improvement Plan
City of Galveston Long‐Term Recovery Plan
City of Galveston Historic Preservation Plan
City of Galveston Disaster Response for Historic Structures Plan
City of Galveston Comprehensive Housing Market Study
City of Galveston Design Standards for Historic Properties

The City of Galveston has a long and established history of incorporating hazard mitigation
measures into the day‐to‐day life of the community. This Plan will guide other planning
mechanisms towards maintaining that perspective. Going forward, this plan will be considered in
the development and updating of new and existing City planning efforts.
For example, each update to the City’s Comprehensive Plan and Capital Improvement Plan
considers the hazards and vulnerabilities present at the time of that update. The planning team will
examine the information contained in and findings of this Plan during the next Comprehensive Plan
and Capital Improvement Plan update, and will determine what information and findings from this
Plan update may be appropriate for inclusion in the updated Comprehensive Plan and the Capital
Improvement Plan. They information and findings will be considered and researched/vetted, and
additional relevant information will be collected. The information and findings will be incorporated
into the draft of the updated Comprehensive Plan, which is reviewed by multiple staff members and
department heads; comments are collected and considered by the planning team. This process may
occur more than once until final integration. Once the draft is final, the updated Comprehensive
Plan and the Capital Improvement Plan will be presented to City Management, City Council, and the
public, with an opportunity for each groupt to provide comments for consideration. After all
comments have been considered and incorporated and/or addressed (as appropriate and
applicable), the final plans will are presented to other City entities, such as the City’s Landmark
Commission and Planning Commission, for review and comment. It is then presented to the City
Council for adoption, where a majority of Council Members must vote ‘yea’ on the motion. Finally, if
appropriate, the adopted plans are made available to all departments and to the public via the City’s
public website. This same process will be followed for all applicable Galveston planning efforts
(identified above), in accordance with the planning processes established by the City for their
various planning efforts.
Similarly, the City’s Capital Improvement Plan routinely includes projects that have a hazard
mitigation element. Future updates will consider the findings of this Plan in project planning.
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10.5 Circumstances that will Initiate Plan Review and Updates
This section identifies the circumstances or conditions under which the Deputy Emergency
Mangement Coordinator will initiate Plan reviews and updates.




On the recommendation of Deputy Emergency Mangement Coordinator or on its own
initiative, the Galveston City Council may initiate a Plan review at any time.
At approximately the six month anniversary of the Plan adoption, and every six months
thereafter.
After natural hazard events that appear to significantly change the apparent risk to City
assets, operations and/or constituents.

The Plan will guide the City’s mitigation efforts for the foreseeable future. The HMPSC has
developed a method to ensure that regular review and update of the Plan occurs within a five‐year
cycle. The Deputy Emergency Mangement Coordinator will coordinate any reviews.
The Deputy Emergency Mangement Coordinator will collaborate with members of the City of
Galveston’s HMPSC to monitor and evaluate the mitigation strategy implementation. This will be
done through a combination of mitigation performance measures and and project implementation
tracking. Findings will be presented and discussed at the annual HMPSC meetings.
Establishing performance measures for mitigation activities is central to determining effectiveness
and ensuring precision of strategy application. Yet outcome‐based performance measures are
difficult to apply to hazard mitigation. For this reason, the City will employ modeled events in the
absence of actual events. This will be accomplished through project implementation tracking. The
tracking will include performance measure ratings, will allow rapid evaluation using simulated
models and actual hazard events, and will eventually provide a method of rapid cost‐benefit
analysis tied to specific grant sources. Through this system, Deputy Emergency Mangement
Coordinator will be able to monitor and evaluate implementation at all levels. The database of
mitigation activities will track implementation and eventually provide real‐time updates that will
illustrate overall static or decreasing vulnerabilities. Through this database and tracking system,
performance measures for each mitigation measure will be more accurately analyzed.
The Deputy Emergency Mangement Coordinator will provide a report of the entire implementation
strategy to the HMPSC at its annual meetings. This report will drive the meeting agendas and will
include the following:




Updates on implementation at the public education and community planning levels;
Updates on mitigation activities undertaken;
Reports on performance measures of the mitigation strategy;
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Changes or anticipated changes in hazard risk and vulnerability at the county, regional,
State, FEMA, and US Department of Homeland Security levels;
Update City of Galveston Emergency Operations Plan to incorporate elements from the City
of Galveston Hazard Mitigation Plan;
Updates will be presented to the Galveston City Council for consideration and adoption.

The HMPSC will also provide updates regarding:




Any implementation activities undertaken, by department;
Problems encountered or success stories; and
Any technical or scientific advances that may alter, make easier, or create new measures.

Finally, the HMPSC will decide on updates to the strategy based on the above information and a
discussion of:




The various resources available through budgetary means as well as any relevant grants;
The current and expected political environment and public opinion; and
Meeting the mitigation goals with regards to changing conditions.

The first few meetings will work to begin implementation and establish a baseline for measuring
successes.
During the Plan update development process, the HMPSC determined this process to be valid.

10.6 Continued Public Involvement
As noted above, this Plan will be evaluated and updated periodically and when certain triggering
events occur. The City of Galveston utilize public notices and a centralized website in an effort to
include the public in the update process. The Plan will also be available to the public at the Annual
Hurricane Open House. In addition, the Deputy Emergency Mangement Coordinator will undertake
public outreach and awareness activities as outlined in the Mitigation Action Plan that will include
continuing updates on the progress of implementing the Plan and future updates.
The City of Galveston is dedicated to continued public involvement and education in review and
updates of the Plan. This is reflected in many of the mitigation measures. Deputy Emergency
Mangement Coordinator will seek comment at such time the plan undergoes a formal update. In
addition, the Deputy Emergency Mangement Coordinator is committed to public education and will
include information regarding hazard mitigation and community disaster resistance in educational
materials and presentations as appropriate.
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The public will also have the opportunity to provide ongoing feedback about the Plan. The City
Secretary’s Office will retain copies of the Plan where comments can be made. Deputy Emergency
Mangement Coordinator will publicly post any proposed changes to the Plan.
The tiered implementation structure provides an opportunity for continuous public involvement.
Public education campaigns and community planning groups are a means of informing the public
on updates and implementation activities. The City will hold a public meeting during the update
process to discuss mitigation issues throughout the City; drafts of the Updated Plan may be
available to the public at other times. The meeting will provide the public a forum for expressing
concerns, opinions, or ideas about the Plan as well as other plans. These meetings will be
advertised in advance through a variety of media.
During the Plan update development process, the HMPSC determined this process to be valid.
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Appendix A
Glossary
Contents of this Section
A.1

Glossary of Terms

A.1 Glossary of Terms
Acquisition: Local governments can acquire lands in high hazard areas through conservation
easements, purchase of development rights, or outright purchase of property.
Acquisition of Hazard Prone Structures: Local governments can acquire lands in high hazard areas
through conservation easements, purchase of development rights, or outright purchase of property.
Asset: Any manmade or natural feature that has value, including, but not limited to people;
buildings; infrastructure like bridges, roads, and sewer and water systems; lifelines like electricity
and communication resources; or environmental, cultural, or recreational features like parks,
dunes, wetlands, or landmarks.
Base Flood: Flood that has a 1 percent probability of being equaled or exceeded in any given year.
Also known as the 100‐year flood.
Base Flood Elevation (BFE): Elevation of the base flood in relation to a specified datum, such as the
National Geodetic Vertical Datum of 1929. The Base Flood Elevation is used as the standard for the
National Flood Insurance Program.
Bedrock: The solid rock that underlies loose material, such as soil, sand, clay, or gravel.
Benefit: Net project outcomes, usually defined in monetary terms. Benefits may include direct and
indirect effects. For the purposes of conducting a benefit‐cost analysis of proposed mitigation
measures, benefits are limited to specific, measurable risk reduction factors, including a reduction
in expected property losses (building, contents, and function) and protection of human life.
Benefit‐cost Analysis (BCA): Benefit‐cost analysis is a systematic, quantitative method of comparing
the projected benefits to projected costs of a project or policy. It is used as a measure of cost
effectiveness.
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Biological Event: An occurrence of a biological substance that poses a threat to the health of living
organisms, primarily that of humans. This can include medical waste or samples of a
microorganism, virus or toxin (from a biological source) that can impact human health. It can also
include substances harmful to animals.
Building: A structure that is walled and roofed, principally above ground and permanently affixed
to a site. The term includes a manufactured home on a permanent foundation on which the wheels
and axles carry no weight.
Coastal Erosion: A hydrologic hazard, and is defined by the wearing away of land or the removal of
beach or dune sediments by wave action, tidal currents, wave currents, or drainage. Coastal
erosion may result from a natural process, or it may be the result of human action.
Coastal Retreat: Any particular section of beach that is accreting or retreating as the result of a
complex interaction between the conflicting forces of sediment deposition, tidal movement, the
long‐shore current and sand storage in dunes and bars. Coastal retreat can be the result of coastal
erosion, and can worsen the impacts of tropical systems and other coastal storms.
Coastal Subsidence: The loss of coastal surface elevation due to the removal of subsurface support.
Subsidence can be the result of both nature and human action. Some natural subsidence occurs
over long periods of time, due to the natural settling process of millions of year’s accumulation of
sediments.
Coastal Zone: The area along the shore where the ocean meets the land as the surface of the land
rises above the ocean. This land/water interface includes barrier islands, estuaries, beaches, coastal
wetlands, and land areas having direct drainage to the ocean.
Community Rating System (CRS): CRS is a program that provides incentives for National Flood
Insurance Program communities to complete activities that reduce flood hazard risk. When the
community completes specified activities, the insurance premiums of the policyholders in those
communities are reduced.
Contour: A contour line depicts equal ground elevation on a topographic (contour) map.
Debris: The scattered remains of assets broken or destroyed in a hazard event. Debris caused by a
wind or water hazard event can cause additional damage to other assets.
Disaster Mitigation Act of 2000 (DMA 2000): DMA 2000 (Public Law 106‐390) is the latest
legislation to improve the planning process. It was signed into law on October 10, 2000. This new
legislation reinforces the importance of mitigation planning and emphasizes planning for disasters
before they occur.
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Drought: The consequence of anticipated natural precipitation reduction over an extended period
of time, usually a season or more in length.
Environmental Disaster: An incident which causes harm or negative consequences to the natural
environment due to human activity. Environmental disasters may be exacerbated by natural
phenomenon, but they do not originate from nature.
Erosion: Wearing away of the land surface by detachment and movement of soil and rock
fragments, during a flood or storm or over a period of years, through the action of wind, water, or
other geologic processes.
Extent: The size of an area affected by a hazard or hazard event.
Extreme Wind: The horizontal motion of the air past a given point. Winds begin with differences in
air pressures. Pressure that's higher at one place than another sets up a force pushing from the high
toward the low pressure. The greater the difference in pressures, the stronger the force. The
distance between the area of high pressure and the area of low pressure also determines how fast
the moving air is accelerated. Meteorologists refer to the force that starts the wind flowing as the
"pressure gradient force." High and low pressures are relative. There's no set number that divides
high and low pressure. Wind is used to describe the prevailing direction from which the wind is
blowing with the speed given usually in miles per hour or knots.
Federal Emergency Management Agency (FEMA): Independent agency created in 1979 to provide a
single point of accountability for all federal activities related to disaster mitigation and emergency
preparedness, response, and recovery.
Flood Depth: Height of the floodwater surface above the ground surface.
Flood Hazard Area: The area inundated by a flood of a given magnitude on a map.
Flood Insurance Rate Map (FIRM): Map of a community, prepared by FEMA, shows both the special
flood hazard areas and the risk premium zones applicable to the community under the National
Flood Insurance Program.
Flood Zone: A geographical area shown on a FIRM that reflects the severity or type of flooding in
the area.
Floodplain: Any land area, including watercourse, susceptible to partial or complete inundation by
water from any source.
Hazard: A source of potential danger or adverse condition.
Hazard Event: A specific occurrence of a particular type of hazard.
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Hazard Identification: The process of identifying hazards that threaten an area.
Hazard Mitigation: Sustained actions taken to reduce or eliminate long‐term risk from hazards and
their effects.
Hazardous Materials Incident: A biological, chemical or physical agent with the potential to cause
harm to the environment or people on its own or when combined with other factors or materials.
HAZUS (Hazards US): A GIS‐based, nationally standardized, loss estimation tool developed by
FEMA.
Hurricane: An intense tropical cyclone, formed in the atmosphere over warm ocean areas, in which
wind speeds reach 74 miles per hour or more and blow in a large spiral around a relatively calm
center or "eye." Hurricanes develop over the north Atlantic Ocean, northeast Pacific Ocean, or the
south Pacific Ocean east of 1600E longitude. Hurricane circulation is counter‐clockwise in the
Northern Hemisphere and clockwise in the Southern Hemisphere.
Infrastructure: Refers to the public services of a community that have a direct impact on the quality
of life. Infrastructure includes communication technology such as phone lines or Internet access,
vital services such as public water supplies and sewer treatment facilities, and includes an area's
transportation system such as airports, heliports, highways, bridges, tunnels, roadbeds, overpasses,
railways, bridges, rail yards, depots; and waterways, canals, locks, seaports, ferries, harbors, dry
docks, piers, and regional dams.
Landslide: Downward movement of a slope and materials under the force of gravity.
Lightning: An atmospheric discharge of electricity accompanied by thunder, which typically occurs
during thunderstorms, and sometimes during volcanic eruptions or dust storms. In the atmospheric
electrical discharge, a leader of a bolt of lightning can travel at speeds of 130,000 MPH, and can
reach temperatures approaching 54,000 °F, hot enough to fuse silica sand into glass.
Local Emergency Planning Committee (LEPC): LEPCs consist of community representatives and are
appointed by the State Emergency Response Commissions (SERCs), as required by Superfund
Amendments and Reauthorization Act (SARA), Title III. They develop an emergency plan to prepare
for and respond to chemical emergencies. They are also responsible for coordinating with local
facilities to find out what they are doing to reduce hazards, prepare for accidents, and reduce
hazardous inventories and releases. The LEPC serves as a focal point in the community for
information and discussions about hazardous substances, emergency planning, and health and
environmental risks.
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Loss of Function: Damage to a facility or interruption of service to a point that the facility or service
can no longer provide a public benefit. Most often associated with utilities and critical service
providers, such as police and fire facilities.
Magnitude: A measure of the strength of a hazard event. The magnitude (also referred to as
severity) of a given hazard event is usually determined using technical measures specific to the
hazard.
Mitigate: To cause something to become less harsh or hostile, to make less severe or painful.
Mitigation Plan: Systematically evaluating community policies, actions, and tools, and setting goals
for implementation over the long term that will result in a reduction in risk and minimize future
losses community‐wide.
National Flood Insurance Program (NFIP): Federal program created by Congress in 1968 that
makes flood insurance available in communities that enact minimum floodplain management
regulations as indicated in 44 CFR §60.3.
National Weather Service (NWS): Prepares and issues flood, severe weather, and coastal storm
warnings and can provide technical assistance to federal and state entities in preparing weather
and flood warning plans.
Planning: The act or process of making or carrying out plans; the establishment of goals, policies,
and procedures for a social or economic unit.
Preparedness: Actions that strengthen the capability of government, citizens, and communities to
respond to disasters.
Probability: A statistical measure of the likelihood that a hazard event will occur.
Recovery: The actions taken by an individual or community after a catastrophic event to restore
order and lifelines in a community.
Regulatory Power: Local jurisdictions have the authority to regulate certain activities in their
jurisdiction. With respect to mitigation planning, the focus is on such things as regulating land use
development and construction through zoning, subdivision regulations, design standards, and
floodplain regulations.
Response: The actions taken during an event to address immediate life and safety needs and to
minimize further damage to properties.
Risk: The estimated impact that a hazard would have on people, services, facilities, and structures
in a community; the likelihood of a hazard event resulting in an adverse condition that causes injury
or damage. Risk is often expressed in relative terms such as a high, moderate, or low likelihood of
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sustaining damage above a particular threshold due to a specific type of hazard event. It also can be
expressed in terms of potential monetary losses associated with the intensity of the hazard.
Sea Level Change: Changes in the height of the sea in relation to the height of the land, regardless of
originating cause or event.
Scale: A proportion used in determining a dimensional relationship; the ratio of the distance
between two points on a map and the actual distance between the two points on the earth's surface.
Stafford Act: The Robert T. Stafford Disaster Relief and Emergency Assistance Act, PL 100‐107 was
signed into law November 23, 1988 and amended the Disaster Relief Act of 1974, PL 93‐288. The
Stafford Act is the statutory authority for most federal disaster response activities, especially as
they pertain to FEMA and its programs.
Stakeholder: Individual or group that will be affected in any way by an action or policy. They
include businesses, private organizations, and citizens.
State Hazard Mitigation Officer (SHMO): The representative of state government who is the primary
point of contact with FEMA, other state and federal agencies, and local units of government in the
planning and implementation of pre‐ and post‐disaster mitigation activities.
Substantial Damage: Damage of any origin sustained by a structure in a Special Flood Hazard Area
whereby the cost of restoring the structure to its before‐damaged condition would equal or exceeds
50 percent of the market value of the structure before the damage.
Topographic: Characterizes maps that show manmade features and indicate the physical shape of
the land using contour lines.
Tornado: A violently rotating column of air extending from a thunderstorm to the ground.
Tropical Cyclone: A generic term for a cyclonic, low‐pressure system over tropical or sub‐tropical
waters.
Tropical Storm: A tropical storm or cyclone having maximum sustained winds greater than 39 mph
and less than 74 mph.
Tsunami: Great sea wave produced by submarine earth movement or volcanic eruption.
Vulnerability: Describes how exposed or susceptible to damage an asset is. Vulnerability depends
on an asset's construction, contents, and the economic value of its functions. Like indirect damages,
the vulnerability of one element of the community is often related to the vulnerability of another.
For example, since many businesses depend on uninterrupted electrical power, if an electric
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substation is flooded it will affect not only the substation itself, but a number of businesses as well.
Often, indirect effects can be much more widespread and damaging than direct ones.
Vulnerability Assessment: The extent of injury and damage that may result from a hazard event of a
given intensity in a given area. The vulnerability assessment should address impacts of hazard
events on the existing and future built environment.
Wildfire: An uncontrolled fire spreading through vegetative fuels, exposing and possibly consuming
structures.
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Approval and Adoption Documentation
Contents of this Section
B.1
B.2
B.3
B.4

Approvable Pending Adoption Letter
City Council Adoption Resolution
Approval Letter
Final Plan Review Tool

Note to Reviewers: Documentation will be added as it is received.
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B.1

Approvable Pending Adoption Letter
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B.2

City Council Adoption Resolution
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B.3

Approval Letter

B.4

Final Plan Review Tool
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Appendix C
Meeting Documentation
Contents of this Section
C.1
C.2
C.3
C.4

C.1

Invited Participants
Meeting #01
Meeting #02
Meeting #03

Invited Participants

The following table contains the complete list of invitees who were asked to participate in the
mitigation plan update process.

Name

Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

Jim Yarbrough

City of Galveston, Mayor

JimYarbrough@cityofgalveston.org

409‐797‐3509

Brian Maxwell

City of Galveston, City
Manager

MaxwellBri@cityofgalveston.org

409‐797‐3520

Charlie Kelly

City of Galveston, EMC

kellycha@cityofgalveston.org

409‐765‐3725

Rosana Pratt

City of Galveston, Asst.
EMC

prattros@cityofgalveston.org

409‐765‐3724

John Simsen

City of Galveston, Disaster
Recovery

SimsenJoh@cityofgalveston.org

409‐797‐3673

Garrett Foskit

Galveston County, EMC

Garret.Foskit@co.galveston.tx.us

409‐682‐4031

Meaghan Kenny

Galveston County, Deputy
EMC

Meaghan.Kenney@co.galveston.tx.us

409‐539‐0021

Robert Simmons

City of Galveston, Risk
Manager

SimmonsRobe@cityofgalveston.org

409‐797‐3657

Rick Vasquez

City of Galveston, Planning
Director

VasquezRic@cityofgalveston.org

409‐797‐3668
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Name

Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

David Ewald

City of Galveston,
Floodplain Admin

EwaldDav@cityofgalveston.org

409‐797‐3660

Catherine
Gorman

City of Galveston, Assistant
Director/Historic
Preservation Officer

GormanCat@cityofgalveston.org

409‐797‐3665

Ross Blacketter

City of Galveston, Director
of Public Works

BlackketterRos@cityofgalveston.org

409‐797‐3639

Angelo Grosso

City of Galveston, Director
of Municipal Utilities

GrassoAng@cityofgalveston.org

409‐797‐3962

David Smith

City of Galveston Acting
Police Chief

SmithDav@cityofgalveston.org

409‐797‐3929

Mike Wisko

City of Galveston, Fire
Chief

WiskoMik@cityofgalveston.org

409‐797‐3852

Jason Pinchback

State of TX General Land
Office

jason.pinchback@glo.texas.gov

512‐463‐8664

Mike Shriner

University of Texas
Medical Branch

mshriner@utmb.ed

409‐772‐3445

Steve LeBlanc

University of Texas
Medical Branch

sjleblan@UTMB.EDU

Mike
Mastrangelo

University of Texas
Medical Branch, EMC

mimastran@utmb.edu

512‐705‐8112

Ushma Lakahani

Shriners Burn Hospital,
EMC & Risk Mgt.

ulakhani@shrinernet.org

409‐621‐6850

Arnold Proctor

GISD

arnold_proctor@gisd.org

409‐766‐5100

LeeRoy Amador

GISD, Chief of Police for
the Galveston Independent
School District

LeeRoy_Amador@gisd.org

409‐766‐5100

Kelly de Schaun

Galveston Park Board,
Director

kdeschaun@galvestonparkboard.org

409‐797‐5121

Robert Pierce

Port of Galveston, Police
Chief

rpierce@portofgalveston.com

409‐795‐1832

Miles Shelton

Galveston College

mshelton@gc.edu

409‐944‐1200

Allan Post

Texas A&M University
Galveston, EMC

posta@tamug.edu

409‐740‐4477

Mona Purgason

Galveston Housing
Authority, Director

ded@ghatx.org

409‐765‐1900
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Invitees to Hazard Mitigation Planning Process
Agency/Title
Email

Phone

Gina Spagnola

Galveston Chamber of
Commerce, Director

gspagnola@galvesonchamber.com

409‐763‐5326

Jeff Sjostrom

Galveston Economic
Development Partners

sjostrom@gedp.org

409‐770‐0216

John Brick

City of Jamaica Beach, City
Administrator

jbrick@ci.jamaicabeach.tx.us

Hans Haglund

State of TX ‐ Galveston
State Park, Police

hans.haglund@tpwd.state.tx.us

Keith Gray

Center Point Energy

keith.gray@centerpointenergy.com

713‐569‐1652

Robert
Fearrington

Texas Gas

rfearrington@onegas.com

409‐682‐7626

Walter Hambrick

Texas Department of
Transpiration

Walter.Hambrick@txdot.gov

281‐686‐9874

Jamal Elahi

Texas Department of
Transpiration

jamal.elahi@txdot.gov

409‐978‐2505

Ed Mason

US Army Corp of
Engineers Galveston

Edwin.L.Mason@usace.army.mil

409‐370‐7759

Mike Jones

State of TX Emergency
Management

ml.jones@dps.texas.gov

832‐401‐3467
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C.2

Meeting #01 (October 15, 2015)
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City of Galveston, TX
Hazard Mitigation Plan Update
Kickoff Meeting Notes
10.15.15
The meeting was held at 2pm October 15, 2015 at City Hall in Galveston, TX. The meeting began with meeting
introductions. Kelly George provided an overview of the purpose of a hazard mitigation plan update, the
hazard mitigation plan update process, and the projected timeline for the project.
Next, Kelly discussed the hazard identification process, including hazards that were in the previous City of
Galveston Hazard Mitigation Plan, as well as, the current State Hazard Mitigation Plan Update, the Galveston
County Hazard Mitigation Plan Update, and the University of Texas Medical Branch Hazard Mitigation Plan
Update. The committee discussed each hazard individually and determined if the hazard should remain in the
plan, be added to the plan, or be excluded from the plan. In some cases, the committee determined that
hazards should be combined with other hazards from the previous plan. The results of the discussion are
below.




















Biological Event‐ Remains in the plan. Used for red tide, sewage spills, and UTMB waste
Coastal Erosion‐ Remains in plan, but combine into coastal hazards profile.
Coastal Retreat‐ Remains in plan, but combine into coastal hazards profile.
Coastal Subsidence‐ Remains in plan, but combine into coastal hazards profile.
Drought‐ Remains in the plan. Dependent on providers‐ some providers not on the island.
Earthquake‐ Exclude from the plan. Not a hazard of concern for Galveston.
Environmental Disaster‐ Remains in the plan. There is a large amount of industry on the harbor side.
Deep Water Horizon Oil Spill.
Extreme Heat‐ Add to the plan.
Extreme Wind Event‐ Remains in the plan.
Expansive Soils‐ Add to the plan. Issues with road damages.
Flood‐ Remains in the plan.
Hail‐ Add to the plan.
Hazardous Materials Incident‐ Remains in the plan.
Lightning‐ Remains in the plan.
Sea Level Rise‐ Remains in the plan.
Severe Winter Storm‐ Add to the plan.
Terrorism‐ Exclude from the plan. This hazard will be removed.
Tsunami‐ Remains in the plan.
Urban Fire / Wildfire‐ Remains in the plan. Historic structure vulnerability‐ wood framed structures
and close together.

The date and time of the second meeting was announced, and afterward, the meeting was adjourned.
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C.2

Meeting #02 (November 12, 2015)
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Goal 1:
Improve education and outreach efforts, specifically to the public, elected officials, municipal employees and
local businesses, regarding the potential impacts of hazards and the identification of specific measures that
can be taken to reduce those impacts.
Objective #1.1: Educate the public and others on actions they can take to prevent or reduce loss or life or
property damage from all hazards.

Action Description:

Hazards to
be
Addressed:

Responsible
Entity:

Timeframe
for
Completion:

Estimated
Cost:

Priority:

Notes/Update:

Provide hazard and
disaster awareness and
preparedness
information to the
public, both residents
and visitors.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM

2011‐2016
Ongoing
annually

$10,000+

High

Keep
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Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM

2011‐2016
Ongoing
annually

$5,000+

High

Keep

Conduct town meeting
prior to start of
hurricane season, to
provide information to
residents.

Extreme
Wind;
Flooding

OEM

2011‐2016
Ongoing
Annually

$10,000

High

Keep

Purchase and
distribute NOAA All‐
Hazard radios or other
public notification
devices to public
facilities, schools, day
cares, medical facilities,
critical facilities, and
large public gathering
places.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

High

Primary and
Secondary Schools,
and non‐critical
school buildings,
(public schools
only,) dispatch‐
Keep

Use internet to provide
information to
residents and visitor
regarding natural
disasters, preparation
and protection.
Investigate use of
social media to provide
information.
Maintain use of One
Call Reaches All as
means of notification
and information.

OEM

2011‐2016

$100 per
unit
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Implement public
information and
education campaign to
educate residents and
businesses about
benefits of
xerogardening and
xeriscaping.

Drought

Public
Works

2011‐2016

$5,000

High

Keep‐ this is
ongoing.

Implement public
information and
education campaign to
educate residents and
businesses about
hazardous materials
incidents, evacuation
procedures in the event
of an accident, and
sheltering‐in‐place.

Hazardous
Materials
Incident

Galveston
Fire
Department,
OEM, Public
Works,
Police
Department

2011‐2016

$2,500

High

Keep

Implement public
information and
education campaign to
educate residents and
businesses on how to
reduce the threat of

Wildfire /
Urban Fire

Galveston
Fire
Department,
OEM

2011‐2016

$2,500

High

Keep

Increase on‐island
CERT capability and
capacity.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

County OEM

2011‐2016

$5,000

Moderat
e

Keep
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Goal #2: Improve capabilities, coordination and opportunities at the municipal level to plan and implement
hazard mitigation projects, programs and activities, especially through the use of GIS, coordination with
universities and colleges, and public/private partnerships.
Objective #2.1: Acquire and maintain detailed data regarding vulnerabilities, including critical facilities and
historic assets, so that these resources can be prioritized and assessed for mitigation actions.
Action Description:

Work cooperatively
with NOAA and other
agencies to conduct
workshop/study on sea
level rise in Galveston.

Implementation of
Sustainability
Plan/Program
Implementation

Hazards to
be
Addressed:
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Sea Level
Change
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Development
Department

2011‐2016

$5,000+

Moderat
e

Keep‐ this is
ongoing.

Development
Department

2011‐2016

$125,000

Moderat
e

Keep
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Implementation of
Greenprinting Plan for
areas east of West End
study.

Develop proposed land
use mapping to allow
easier consideration of
hazards in future
development.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

Moderat
e

Keep‐ may have the
ability implement
this more so now

Development
Department

2011‐2016

$10,000

Moderat
e

Partially Completed
using FEMA DFIRM
Data. No other
hazard information
is included

Consider /
Development of
structural acquisition
plan/procedures.

Flooding

Development
Department

2011‐2016

$10,000

Moderat
e

Keep

Consider /
Development of
structural elevation
plan/procedures.

Flooding

Development
Department

2011‐2016

$10,000

Moderat
e

Keep
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Consider alternative
methodologies for
determination of
substantial damage.

Extreme
Wind
Flooding
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

Moderat
e

Keep

Consider / Contract for
historic property
mitigation study, to
determine best
practices for mitigation
of homes on larger
scale.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$50,000

Moderat
e

Keep‐ More
discussions on Sea
Level Rise

Digitalization of paper
records, city‐wide, for
access post‐disaster
(mitigate data loss and
allow for continuity of
operations/governmen
t).

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Moderat
e

Fire Department is
~90% Completed.
Planning
Department is
working on this as
well. There are
backup servers that
are offsite after a
period of time
(maybe 90days).

Development

Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+
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Develop detailed
inventory of critical
facilities, to include
elevations, square
footage and contents
inventory.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

Development

Department,
Municipal
Utilities,
OEM

2011‐2016

$5,000

High

Keep‐ for owned
and leased
structures

Goal #3: Develop hazard mitigation policies and programs designed to reduce the impact of natural and
human caused hazards to people and property.
Objective #3.1: Seek ways to reduce losses to the National Flood Insurance Program, and to increase
participation in and compliance with the NFIP.
Timeframe
for
Completio
n:

Action Description:

Hazards to
be
Addressed:

Maintain Membership
of the NFIP’s
Community Rating
System.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level
Change;
Tsunami

Development
Department

2011‐2016

Consider adoption and
enforcement of
freeboard requirement
into City’s Flood
Damage Prevention
Ordinance.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level

Development
Department

2011‐2016

Responsibl
e Entity:

Estimate
d Cost:

Priority
:

Notes/Update:

$10,000

Moderat
e

Keep‐ Joined. Rated
as a 7. Want to
improve their
rating. KG‐
requested a copy of
their CRS Plan and
any Updates

$2,500

Moderat
e

Keep‐ have not
moved forward this
yet.
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Change;
Tsunami

Increase and Maintain
number of floodplain
managers in the
building division
through training and
certification.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Flooding;
Sea Level
Change;
Tsunami

Development
Department

2011‐2016

$10,000

Moderat
e

Keep‐ Now have 4
CFMs. Some have
taken the course
but are not certified.

Objective #3.2: Consider measures to ensure that modifications to existing development, as well as any future
development, will not put people or property in harm’s way, or will not increase threats to existing properties.
Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Support aggressive
beach nourishment
program to address
critical erosion areas.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

GLO,
Development
Department

Restore destroyed
dune systems to
decrease / mitigate
damage to public and
private property.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Timeframe
for
Completio
n:

2011‐2016

Estimate
d Cost:

Unknown

Priority
:

Notes/Update:

High

Keep. Some
progress has been
completed with this
action.

High

Keep. City is not
activly working on
this but the city
supports
homeowners who
work toward this.

GLO,
Development
Department,

Park Board,
Homeowner'
s
Associations
, Individual
Property
Owners.

2011‐2016

Unknown
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Install shoreline
protection devices in
areas subject to coastal
erosion to reinforce
dune systems.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

GLO,
Development
Department

2011‐2016

Unknown

Moderat
e

Keep

Goal #4: Identify and implement hazard mitigation projects to reduce the impact of hazard events and
disasters.
Objective #4.1: Pursue opportunities to mitigate identified Repetitive Loss and Severe Repetitive Loss
properties

Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Coastal
Erosion;
Coastal
Retreat;
Elevation, acquisition
Coastal
or other mitigation of
$80,000+
Subsidence;
identified Repetitive
Development
High
Keep
2011‐2016
(per
Department
Extreme
Loss and Severe
structure)
Wind;
Repetitive Loss
Flooding;
properties.
Sea Level
Change;
Tsunami
Objective #4.2: Pursue opportunities for structural mitigation projects and other projects to protect
infrastructure from hazards.
Action Description:

Hazards to
be
Addressed:

Responsibl
e Entity:

Timeframe
for
Completio
n:

Estimate
d Cost:

Priority
:

Notes/Update:

Exposed concrete and
rebar on public
beaches – remove
debris and threat to
public and private
property – reducing
property damage
during hazard events.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Public
Works, GLO,
USACE

2011‐2016

Unknown

High

Keep. Completed
but Ongoing for
future occurrences
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Elevate coastal roads to
better protect public
during evacuation and
to protect the roads
from flood damage,
where technically
feasible.

Implement improved
drainage projects and
better maintenance
program for clearing
drainage ditches.

Elevation of structures
at risk from flooding.

Install
security/surveillance
equipment at all
municipal facilities.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Hazardous
Materials
Incident;
Terrorism

FHWA,
TXDoT,
Public
Works

2011‐2016
Ongoing
project

Unknown

High

Keep. TXDOT
Elevated a Portion
of 3005 west end.

Public
Works

2011‐2016

Unknown

High

Keep. Ongoing
Action

Development
Department

2011‐2016

$50,000 ‐
$100,000
(per
structure)

Moderat
e

Keep

OEM

2011‐2016

$100,000

High

Keep
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Identify and purchase
needed vehicles and
equipment for public
safety departments.

Harden facility and
improve security at
unmanned municipal
utility facilities.

Acquisition and
demolition of
structures damaged by
flooding, including
abandoned structures.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami

Fire
Department,
Police
Department,
Public
Works,
Beach
Patrol, OEM

2011‐2016

$750,000

High

Keep

Municipal
Utilities

2011‐2016

#######

Moderat
e

Keep

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep
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Elevation or other
flood protection of
historic structures at
risk from flooding.

Study, evaluate, design
and construct flood
control methods, with
particular emphasis on
the protection of
critical facilities and
critical infrastructure.

Mitigation/hardening
of substantially
damaged structures
(historic/non‐historic).

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Sea Level
Change;
Tsunami
Biologic
Events;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change;
Tsunami
Extreme
Wind;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep

Public
Works

2011‐2016

$50,000+
(per
structure
or device)

Moderat
e

Keep

Development
Department

2011‐2016

$50,000+
(per
structure)

Moderat
e

Keep
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Identify critical
facilities and other
necessary public
buildings that require
emergency power
generation ‐ Purchase
and install emergency
power generators and
related housing and
connection equipment
at all critical facilities
or other necessary
public buildings.

Design and construct a
Safe Room (using
FEMA 361 design
guidance) to house
emergency personnel
and first responders
who must remain on
the island during
evacuations.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire
Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami;
Wildfire /
Urban Fire

OEM, Public
Works

2011‐2016

Unknown

High

Keep

OEM, City
Manager’s
Office

2011‐2016

$25‐
$30MM

Moderat
e

Keep
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Perform retrofits of
public utilities
(including sanitary
sewer and drinking
water systems), which
may include the
following: inflow
guards on manhole
covers, elevated
electrical components,
flood proof or elevate
utility structures
within SFHAs, ring
berms around critical
facilities that cannot
feasibly be elevated,
watertight manhole
covers, tied down fuel
storage tanks.

Biologic
Events;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Tsunami

Public
Works

2011‐2016

$5,000+
per
project

Moderat
e

Keep. Ongoing
Action

2011‐2016

$10,000

Moderat
e

Keep. Some
completed.

2011‐2016

$25,000+

Moderat
e

Keep. Ongoing
Action

Development
Department,

Increase native canopy
by tree planting in
public rights‐of‐way to
reduce urban heat
levels.

Drought

Develop and
implement a system for
early detection /
notification of
hazardous materials
incidents, leaks and
accidents.

Hazardous
Materials
Incident

Public
Works,
Parks and
Recs.

Galveston
Fire
Department,
Public
Works, OEM
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Investigate eligibility
and benefits of
National Weather
Service’s “StormReady”
Community program –
Maintain program
membership

Extreme
Wind;
Lightning

OEM

2011‐2016

$2,500

Low

Keep. Joined and
renewed at
September 2015
(every three year
renewal).

Wind retrofit critical
facilities and those
other public buildings
that must function
following as extreme
wind event.

Extreme
Wind

OEM,
Developmen
t
Department,
Public
Works, City
Manager’s
Office

2011‐2016

$25,000+

Moderat
e

Keep

Develop and
implement stormwater
drainage system
improvements.

Flooding

Public
Works

2011‐2016

$25,000

Moderat
e

Keep

Moderat
e

Keep. Ongoing
Action. FEMA
Hydrant Project‐
Every hydrant will
be repaired,
replaced, or
pressure checked
within the next two
years.

Develop vegetation
management program
to mitigate spread and
fueling of fires.

Wildfire /
Urban Fire

Galveston
Fire
Department

2011‐2016

$5,000
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Investigate ways to
harden and protect
facilities and
infrastructure
belonging to Gulf Coast
Water Authority (Sole
source provider of
potable water to City) –
Implement projects as
funding becomes
available.

Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change

Municipal
Utilities

2011‐2016

$5,000+

High

Keep. Water Pipe
across the bay will
become the city's
responsibility soon
once the bonds are
paid off.

Rehabilitate the 1894
Bayline, for use as
emergency water
connection in the event
of failure or damage of
the water main.

Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Sea Level
Change

Municipal
Utilities

2011‐2016

######
#

High

Keep. Currently
feasible but cost
prohibitive.

Implement plans for
elimination of on‐site
sewage treatment.

Biologic
Event;
Coastal
Erosion;
Coastal
Retreat;
Coastal
Subsidence;
Environment
al Disaster;
Flooding;
Sea Level
Change

Development
Department,
Municipal
utilities

Moderat
e

Keep. This is for
septic tanks on west
end. Some are
industrial tanks on
harbor side of east
end.

Biologic
Event

Development
Department,
Municipal
utilities

Moderate

Drop. City has taken
a position that
grinder pumps are
not a preferred
option.

Monitor funding
sources for
opportunities to
provide assistance to
homeowners for
purchase of grinder
pumps (maintenance
would remain property
owner’s
responsibility).

2011‐2016

$10,000+
per
structure

2011‐2016

$5,000+
per
structure
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Investigate and
implement hardening
of IT and phone
(communication)
infrastructure, to
include off‐site/remote
facilities.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Developmen
t
Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+

High

Keep. Comcast fixed
their issue that the
base of the
causeway.
Hardening is taken
place. Phone
company buildings
have been
raised/switches/lin
es raised.

Increased
capacity/hardening for
internal departmental
communication.

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Developmen
t
Department,
Municipal
Utilities,
OEM,
IT/Finance
Department

2011‐2016

$5,000+

High

Keep. Multiple
layers of channels
now, V,W,X,Y, and Z.
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Develop a standby
application for post‐
disaster code
enforcement (includes
building, compliance,
planning, public works,
etc).

Biologic
Event;
Coastal
Erosion;
Costal
Retreat;
Coastal
Subsidence;
Drought;
Environment
al Disaster;
Extreme
Wind;
Flooding;
Hazardous
Materials
Incident;
Lightning;
Sea Level
Change;
Terrorism;
Tsunami;
Wildfire /
Urban Fire

Development
Department

2011‐2016

$5,000

High

Keep

Copies of the presentations used to facilitate these meetings are available upon request, but
have not been included in this appendix due to size.
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Appendix D
Public Participation Documentation
Contents of this Section
D.1
D.2
D.3

Summary of Public Participation in Planning Process
Public Review and Comment Period #1
Public Review and Comment Period #2

D.1 Summary of Public Participation in Planning Process
Galveston is a community with a long history of public participation in government processes, and
the mitigation planning process was no exception. Public comment and opinion was solicited from
the start of the planning process, beginning with a presentation at the City’s annual Hurricane Open
House.
The public’s comments regarding hazards and potential projects were considered in the
development of the hazard profiles and the mitigation goals, strategies and actions contained in this
mitigation plan. While members of the public were not invited to sit on the Stakeholder Committee
for security reasons, their input was considered by the Committee throughout the planning process.
Additionally, the draft plan was made available to the public for review and comment beginning in
March 2016. The draft plan was available on the City’s website (www.cityofgalveston.org), along
with a comment form.
The APA version of the plan was made available to the public for review and comment via the City’s
website from May 22 through June 15, 2017. Comments were accepted via a form on the website.
As is in keeping with the City’s standard practice, no public meeting was held to discuss the draft
plan, though it was discussed at a public City Council Meeting. Also in keeping with the City’s
standard practice, a public meeting was held to introduce the final plan prior to adoption by the
City Council.
The following sections contain various items, documenting the public’s participation in the
development of this hazard mitigation plan.
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D.2 Public Review and Comment Period #1
Prior to submission to TDEM, the review draft of the Plan was made available to the public for
review and comment. The draft plan and the public comment form was posted to the City’s website
during March 2016. No comments from the public were received.

D.3 Public Review and Comment Period #2
Prior to adoption, the final draft of the Plan was made available to the public for review and
comment. The draft plan and the public comment form was posted to the City’s website on
Monday, May 22, 2017. The comment period ran through June 15, 2017.
All comments received were considered prior to adoption of the plan.
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E.1
E.2

E.1

City of Galveston Critical Asset Tabular Data
City of Galveston Historic Properties

City of Galveston Critical Asset Tabular Data
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1
COG Galveston Critical Asset

Asset Type

Office
Office/Shop/Fence/Flag Pole
Offices/Terminal
Runway Lights
Control Tower/Generator
City Hall/Tower
EMS Station
Fire Station #8
Fire Station #2
Fire Station #3
Fire Station #7
Fire/EMS Station #5
Fire Department Station #4
Diesel Storage Tank
Gas Building
Auto Repair
Parking
Maintenance Bldg
Dwelling
Dwelling
Dwelling
Dwelling

Administration
Administration
Airport
Airport
Airport
City Hall
EMS
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fuel
Fuel
Garage
Garage
Garage
Housing
Housing
Housing
Housing
Law
Enforcement
Law
Enforcement
Law
Enforcement
Parks &
Recreation

Police Property Room/Fence
Public Safety Building/Flag Pole/Generator
Police Department
Comfort Station

SFHA
100
Year
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

SFHA 500
Year

WFP Class

Asset Values

Content Values

No
No
No
No
No
No
Yes
No
No
Yes
No
No
No
No
No
No
No
No
No
No
Yes
No

Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable

$0
$961,875
$1,265,625
$405,000
$1,703,502
$4,583,576
$297,500
$242,142
$276,587
$315,338
$471,162
$0
$3,895,594
$18,043
$26,244
$1,387,446
$120,046
$165,255
$115,330
$146,597
$153,773
$157,874

$100,000
$75,000
$200,000
$200,000
$200,000
$1,000,000
$0
$75,000
$75,000
$100,000
$50,000
$150,000
$100,000
$120,000
$0
$200,000
$0
$50,000
$0
$0
$0
$0

Yes

No

Non‐burnable

$76,579

$30,000

Yes

No

Non‐burnable

$4,400,073

$950,000

Yes

No

Non‐burnable

$5,080,058

$992,380

Yes

No

Very Low

$80,167

$0
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COG Galveston Critical Asset
Lights
Playground Equipment
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Lights
Playground Equipment
Playground Equipment
Playground Equipment
Playground Equipment
Lights

Asset Type
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation

SFHA
100
Year

SFHA 500
Year

Yes

No

Very Low

$30,755

$0

Yes

No

Very Low

$25,629

$0

Yes

No

Non‐burnable

$41,006

$0

Yes

No

Non‐burnable

$32,805

$0

Yes

No

Non‐burnable

$35,880

$0

Yes

No

Non‐burnable

$55,358

$0

Yes

No

Very Low

$26,654

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$49,208

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$20,503

$0

Yes

No

Very Low

$16,403

$0

No

Yes

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$61,509

$0

Yes

No

Non‐burnable

$25,629

$0

Yes

No

Non‐burnable

$46,132

$0
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COG Galveston Critical Asset
Playground Equipment
Lights
Recreation Center
Playground Equipment
Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment
Pavilion‐Basketball
Recreation Center
Playground Equipment
Pavilion
Generating Plant Bldg
Elec/Control Building/Generator
Lift Station #1
Lift Station #2
Lift Station #3
Lift Station #4
Lift Station #5
Lift Station #6
Main Bldg/Control Blower
Lift Station #2A
Lift Station #6
Lift Station #7
Lift Station #21

Asset Type
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Parks &
Recreation
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities

SFHA
100
Year

SFHA 500
Year

Yes

No

Non‐burnable

$25,629

$0

Yes

No

Non‐burnable

$26,654

$0

Yes

No

Non‐burnable

$1,750,762

$150,000

Yes

No

Non‐burnable

$98,415

$0

No

No

Non‐burnable

$49,737,198

$1,000,000

No

No

Low

$71,761

$0

Yes

No

Non‐burnable

$266,131

$0

Yes

No

Non‐burnable

$3,249,540

$150,000

Yes

No

Non‐burnable

$512,578

$0

Yes

No

Non‐burnable

$86,831

$0

Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes

No
No
No
No
No
No
Yes
No
No
Yes
No
No
No

Non‐burnable
Very Low
Non‐burnable
Low
Very Low
Very Low
Non‐burnable
Non‐burnable
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable

$392,840
$98,415
$50,233
$30,755
$43,057
$32,805
$43,057
$30,755
$72,171
$112,767
$151,006
$136,756
$128,760

$120,000
$82,000
$0
$0
$0
$0
$0
$0
$125,000
$0
$0
$0
$0
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COG Galveston Critical Asset

Asset Type

Lift Station #29
Lift Station #1
Lift Station #3
Lift Station #7
Lift Station #5
Lift Station #6
Lift Station #4
Public Works
Sanitation Office
Office Building
Storage/Construction Office
Traffic Sign Bldg
Computer Equipment
Storage (Old Fire Station)
Chlorine Bldg
Workshop/Storage
Phone Systems
Radio/Electronic Equipment
Scale House
Rentals/Fence
Rentals
Printing Office
Generator & Shelter
Offices/Bus Repair/Tower/Fence
Trolley Barn

Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Works
Public Works
Recycling
Storage
Storage
Storage
Storage
Storage
Storage
Support
Support
Support
Support
Support
Support
Support
Transit
Transit
Water/Waste
water
Water/Waste
water
Water/Waste
water

Digester
Blower Bldg/Office/Generator
Chlorine Building

SFHA
100
Year
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

SFHA 500
Year

WFP Class

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Non‐burnable
Very Low
Very Low
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Non‐burnable
Very Low
Very Low
Very Low
Non‐burnable
Very Low
Non‐burnable
Non‐burnable

Yes

No

Yes
Yes

Asset Values

Content Values

$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,121,253
$421,749
$66,635
$50,643
$109,692
$0
$304,164
$5,228
$7,996
$0
$0
$27,884
$139,011
$55,769
$41,006
$81,910
$3,796,875
$911,250

$0
$0
$0
$0
$0
$0
$0
$200,000
$50,000
$25,000
$0
$300,000
$1,000,000
$0
$0
$0
$450,000
$692,380
$0
$0
$0
$50,000
$0
$200,000
$50,000

Very Low

$102,516

$0

No

Very Low

$1,290,672

$1,200,000

No

Very Low

$21,842

$0
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COG Galveston Critical Asset
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen
30th St Pump Station
Pump House
Pump Station
Pump Station
Pump/Blower Bldg
Sewage Lift Pump House
Thickner Tank
Parts Storage
Sludge Press Building
190k gal Clarifier Tank
84k gal Digester Tank
15k gal Pressure Tank

Asset Type
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water

SFHA
100
Year

SFHA 500
Year

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Very Low

$355,524

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Non‐burnable

$1,264,428

$100,000

Yes

No

Non‐burnable

$72,376

$400,000

Yes

No

Non‐burnable

$156,541

$92,000

Yes

No

Non‐burnable

$114,202

$0

Yes

No

Non‐burnable

$297,295

$500,000

Yes

No

Non‐burnable

$57,614

$0

Yes

No

Very Low

$124,044

$0

Yes

No

Non‐burnable

$361,778

$100,000

Yes

No

Non‐burnable

$1,537,734

$0

Yes

No

Very Low

$439,690

$0

Yes

No

Very Low

$128,247

$0

Yes

No

Non‐burnable

$48,387

$0
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COG Galveston Critical Asset

Asset Type

15k gal Pressure Tank
160k gal Aerator Tank
SBR/Headworks/Chlorine/Digester
SBR Treatment/Sludge/Aeration/Controls
Operations Building/Generator
460k gal Ground Water Tank #1
460k gal Ground Water Tank #2
Main Bldg
Generator Bldg/Generator #1
Generator Bldg/Generator #2
Disinfectant Bldg/Chlorination System
Flow Control Bldg & Equipment
Improvements & Equipment

2
3

Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water
Water/Waste
water

COG Galveston Critical Asset

Asset Type

Office
Office/Shop/Fence/Flag Pole

Administration
Administration

SFHA
100
Year

SFHA 500
Year

Yes

No

Non‐burnable

Yes

No

Yes

WFP Class

Asset Values

Content Values

$48,387

$0

Very Low

$419,084

$0

No

Very Low

$517,396

$0

Yes

No

Very Low

$638,467

$0

Yes

No

Very Low

$848,829

$20,000

Yes

No

Very Low

$289,402

$0

Yes

No

Very Low

$289,402

$0

Yes

No

Non‐burnable

$6,663,516

$150,000

Yes

No

Non‐burnable

$1,332,703

$0

Yes

No

Non‐burnable

$1,332,703

$0

Yes

No

Non‐burnable

$1,145,612

$0

Yes

No

Non‐burnable

$86,113

$0

Yes

No

Non‐burnable

$6,216,137

$0

SLOSH
Cat 1
Depth
Feet
NA
5.1'

SLOSH
Cat 2
Depth
Feet
NA
10.4'

SLOSH
Cat 3
Depth
Feet
NA
14.4'
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17.6'

SLOSH
Cat 5
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COG Galveston Critical Asset

Asset Type

Offices/Terminal
Runway Lights
Control Tower/Generator
City Hall/Tower
EMS Station
Fire Station #8
Fire Station #2
Fire Station #3
Fire Station #7
Fire/EMS Station #5
Fire Department Station #4
Diesel Storage Tank
Gas Building
Auto Repair
Parking
Maintenance Bldg
Dwelling
Dwelling
Dwelling
Dwelling
Police Property Room/Fence
Public Safety Building/Flag
Pole/Generator
Police Department
Comfort Station
Lights
Playground Equipment
Lights
Lights
Lights

Airport
Airport
Airport
City Hall
EMS
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fire Station
Fuel
Fuel
Garage
Garage
Garage
Housing
Housing
Housing
Housing
Law Enforcement

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
6.4'
5.7'
NA
NA
5.3'
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.4'
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
10.3'
10.6'
9.7'
NA
10.5'
9.7'
NA
NA
NA
NA
NA
NA
NA
NA
7.7'
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
14.5'
14.6'
13.6'
NA
14.5'
13.7'
NA
NA
NA
NA
NA
NA
NA
NA
14.5'
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
17.1'
17.9'
17.1'
NA
17.8'
17.1'
NA
NA
NA
NA
NA
NA
NA
NA
17.9'
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
20.1'
21'
20'
NA
20.9'
20'
NA
NA
NA
NA
NA
NA
NA
NA
20.9'
NA
NA

Law Enforcement

NA

NA

NA

NA

Law Enforcement
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

NA
NA
5.1'
5.1'
NA
NA
NA

9.7'
9.9'
10.2'
10.2'
NA
NA
NA

13.7'
13.8'
14.2'
14.2'
NA
NA
NA

17.1'
17.1'
17.4'
17.4'
NA
NA
NA
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Asset
Values

Content
Values

$1,265,625
$405,000
$1,703,502
$4,583,576
$297,500
$242,142
$276,587
$315,338
$471,162
$0
$3,895,594
$18,043
$26,244
$1,387,446
$120,046
$165,255
$115,330
$146,597
$153,773
$157,874
$76,579

$200,000
$200,000
$200,000
$1,000,000
$0
$75,000
$75,000
$100,000
$50,000
$150,000
$100,000
$120,000
$0
$200,000
$0
$50,000
$0
$0
$0
$0
$30,000

NA

$4,400,073

$950,000

20'
20.1'
20.2'
20.2'
NA
NA
NA

$5,080,058
$80,167
$30,755
$25,629
$41,006
$32,805
$35,880

$992,380
$0
$0
$0
$0
$0
$0
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COG Galveston Critical Asset

Asset Type

Lights
Lights
Lights
Lights
Lights
Lights
Lights
Playground Equipment
Playground Equipment
Playground Equipment
Playground Equipment
Lights
Playground Equipment
Lights
Recreation Center
Playground Equipment
Seawall Convention Ctr/Flg Poles/Lgt
Poles/Marquis
Playground Equipment
Pavilion‐Basketball
Recreation Center
Playground Equipment
Pavilion
Generating Plant Bldg
Elec/Control Building/Generator
Lift Station #1
Lift Station #2
Lift Station #3
Lift Station #4
Lift Station #5

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
5.1'
NA
NA
NA
NA
NA
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
9.7'
9.7'
NA
NA
NA
NA
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
13.5'
13.6'
13.6'
NA
13.5'
NA
NA
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
17.2'
17.1'
17.1'
NA
17.2'
NA
NA
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
20.1'
20'
20'
NA
20.1'
NA
NA
NA
NA

Parks & Recreation

6.4'

10.3'

14.1'

17.2'

Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Parks & Recreation
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities

NA
NA
6.4'
NA
6.4'
NA
5.1'
NA
5.3'
5.3'
5.1'
NA

NA
NA
10.3'
NA
10.3'
9.9'
10.4'
NA
10.5'
10.4'
10.4'
NA

NA
NA
14.5'
NA
14.5'
13.8'
14.4'
NA
14.4'
14.4'
14.4'
NA

NA
NA
17.1'
NA
17.1'
17.1'
17.6'
NA
17.7'
17.7'
17.6'
NA
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Asset
Values

Content
Values

$55,358
$26,654
$20,503
$49,208
$20,503
$20,503
$16,403
$61,509
$61,509
$61,509
$25,629
$46,132
$25,629
$26,654
$1,750,762
$98,415

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$150,000
$0

20'

$49,737,198

$1,000,000

NA
NA
20.1'
NA
20.1'
20.1'
20.6'
NA
20.8'
20.7'
20.6'
NA

$71,761
$266,131
$3,249,540
$512,578
$86,831
$392,840
$98,415
$50,233
$30,755
$43,057
$32,805
$43,057

$0
$0
$150,000
$0
$0
$120,000
$82,000
$0
$0
$0
$0
$0
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COG Galveston Critical Asset

Asset Type

Lift Station #6
Main Bldg/Control Blower
Lift Station #2A
Lift Station #6
Lift Station #7
Lift Station #21
Lift Station #29
Lift Station #1
Lift Station #3
Lift Station #7
Lift Station #5
Lift Station #6
Lift Station #4
Public Works
Sanitation Office
Office Building
Storage/Construction Office
Traffic Sign Bldg
Computer Equipment
Storage (Old Fire Station)
Chlorine Bldg
Workshop/Storage
Phone Systems
Radio/Electronic Equipment
Scale House
Rentals/Fence
Rentals
Printing Office
Generator & Shelter
Offices/Bus Repair/Tower/Fence

Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Utilities
Public Works
Public Works
Recycling
Storage
Storage
Storage
Storage
Storage
Storage
Support
Support
Support
Support
Support
Support
Support
Transit

SLOSH
Cat 1
Depth
Feet
NA
5.2'
NA
NA
5.1'
5.1'
6.4'
5.4'
5.1'
NA
5.2'
5.2'
5.2'
NA
NA
5.1'
NA
NA
NA
NA
NA
5.1'
NA
NA
NA
NA
NA
NA
5.2'
NA

SLOSH
Cat 2
Depth
Feet
NA
10.4'
NA
NA
9.7'
10'
10.5'
10.5'
10.4'
NA
10.4'
10.4'
10.4'
NA
9.9'
9.8'
NA
NA
NA
NA
NA
9.8'
NA
NA
9.9'
NA
NA
NA
10.4'
NA

SLOSH
Cat 3
Depth
Feet
NA
14.4'
NA
NA
13.6'
14'
14.4'
14.5'
14.4'
NA
14.4'
14.4'
14.3'
NA
13.8'
13.8'
NA
NA
NA
NA
NA
13.8'
NA
NA
13.8'
NA
NA
NA
14.4'
NA
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SLOSH
Cat 4
Depth
feet
NA
17.6'
NA
NA
17.1'
17.3'
17.7'
17.9'
17.6'
NA
17.6'
17.6'
17.5'
NA
17.1'
17.1'
NA
NA
NA
NA
NA
17.1'
NA
NA
17.1'
NA
NA
NA
17.6'
NA

SLOSH
Cat 5
Depth
Feet
NA
20.7'
NA
NA
20'
20.4'
20.6'
20.9'
20.6'
NA
20.7'
20.7'
20.6'
NA
20.1'
20.1'
NA
NA
NA
NA
NA
20.1'
NA
NA
20.1'
NA
NA
NA
20.7'
NA

Asset
Values
$30,755
$72,171
$112,767
$151,006
$136,756
$128,760
$84,575
$102,516
$102,516
$102,516
$102,516
$102,516
$102,516
$2,121,253
$421,749
$66,635
$50,643
$109,692
$0
$304,164
$5,228
$7,996
$0
$0
$27,884
$139,011
$55,769
$41,006
$81,910
$3,796,875

Content
Values
$0
$125,000
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$200,000
$50,000
$25,000
$0
$300,000
$1,000,000
$0
$0
$0
$450,000
$692,380
$0
$0
$0
$50,000
$0
$200,000
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COG Galveston Critical Asset

Asset Type

Trolley Barn
Digester
Blower Bldg/Office/Generator
Chlorine Building
Clarifier Tank
Clarifier Tank
Clarifier Tank
Transfer Station Bldg
Sludge Screen
30th St Pump Station
Pump House
Pump Station
Pump Station
Pump/Blower Bldg
Sewage Lift Pump House
Thickner Tank
Parts Storage
Sludge Press Building
190k gal Clarifier Tank
84k gal Digester Tank
15k gal Pressure Tank
15k gal Pressure Tank
160k gal Aerator Tank
SBR/Headworks/Chlorine/Digester
SBR
Treatment/Sludge/Aeration/Controls
Operations Building/Generator
460k gal Ground Water Tank #1
460k gal Ground Water Tank #2
Main Bldg

Transit
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.2'
5.2'
5.1'
5.1'
5.2'
5.8'

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
9.9'
NA
9.9'
NA
NA
NA
9.9'
10.4'
10.4'
10.4'
10.4'
10.4'
10.6'

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
13.8'
NA
13.8'
NA
NA
NA
13.8'
14.4'
14.4'
14.4'
14.4'
14.4'
14.7'

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
17.1'
NA
17.1'
NA
NA
NA
17.1'
17.6'
17.6'
17.6'
17.6'
17.6'
18'

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
20.1'
NA
20.1'
NA
NA
NA
20.1'
20.7'
20.7'
20.6'
20.6'
20.7'
21.1'

Water/Wastewater

5.8'

10.6'

14.7'

18'

Water/Wastewater
Water/Wastewater
Water/Wastewater
Water/Wastewater

5.8'
5.1'
5.1'
NA

10.6'
10.4'
10.4'
NA

14.7'
14.4'
14.4'
NA

18'
17.6'
17.6'
NA
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Asset
Values

Content
Values

$911,250
$102,516
$1,290,672
$21,842
$124,044
$124,044
$124,044
$355,524
$124,044
$1,264,428
$72,376
$156,541
$114,202
$297,295
$57,614
$124,044
$361,778
$1,537,734
$439,690
$128,247
$48,387
$48,387
$419,084
$517,396

$50,000
$0
$1,200,000
$0
$0
$0
$0
$0
$0
$100,000
$400,000
$92,000
$0
$500,000
$0
$0
$100,000
$0
$0
$0
$0
$0
$0
$0

21.1'

$638,467

$0

21.1'
20.6'
20.6'
NA

$848,829
$289,402
$289,402
$6,663,516

$20,000
$0
$0
$150,000
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COG Galveston Critical Asset

Asset Type

Generator Bldg/Generator #1
Generator Bldg/Generator #2
Disinfectant Bldg/Chlorination
System
Flow Control Bldg & Equipment
Improvements & Equipment

Water/Wastewater
Water/Wastewater

SLOSH
Cat 1
Depth
Feet
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA

Water/Wastewater

NA

NA

NA

NA

Water/Wastewater
Water/Wastewater

NA
NA

NA
NA

NA
NA

NA
NA

Asset
Values

Content
Values

$1,332,703
$1,332,703

$0
$0

NA

$1,145,612

$0

NA
NA

$86,113
$6,216,137

$0
$0

4
5
6
7

E.2

City of Galveston Historic Asset Tabular Data

Historic Property Name
Lasker Home for Homeless
Children
Building at 1925‐1927 Market
Street
Building at 1921‐1921 1/2
Avenue D
City Hall
Eiband's
House at 2528 Postoffice St.
I.O.O.F. Lodge
Marschner Building
Model Laundry
Pix Building
Reedy Chapel‐AME Church
Robinson Building
Rosenberg Library

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Non‐Burnable

NA

NA

NA

NA

NA

No

Non‐Burnable

NA

NA

NA

NA

NA

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

SFHA 100
Year

SFHA
500 Year

National

Yes

No

National

Yes

National
National
National
National
National
National
National
National
National
National
National

Designation

WFP Class
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Historic Property Name

Designation

Scottish Rite Cathedral
Star Drug Store
Texas Building
City National Bank
First Evangelical Lutheran Church
House at 2017‐2023 Avenue I
Jean Lafitte Hotel
Merimax Building
Shaw, M. W., Building
U.S. National Bank
Ashton Villa
Beissner, Henry, House
Bishop's Palace
Galveston Orphans Home
Galvez Hotel
Grace Episcopal Church
Grand Opera House
Hagemann, John, House
McKinney‐McDonald House
Menard, Michel B., House
Old Galveston Customhouse
Powhatan House
St. Mary's Cathedral
St. Joseph's Church
Trueheart‐Adriance Building
Williams, Samuel May, House
Ashbel Smith Building
First Presbyterian Church
Kempner, Daniel Webster, House
Sealy, George, House

National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National
National

SFHA 100
Year

SFHA
500 Year

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No

WFP Class
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
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SLOSH
Cat 1
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
5.8'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.8'
NA
NA
NA

SLOSH
Cat 2
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
9.8'
NA
NA
NA
NA
NA
NA
9.7'
NA
NA
NA
9.7'
NA
NA
NA
NA
NA
NA
9.6'
9.8'
NA
NA
NA

SLOSH
Cat 3
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
13.8'
NA
NA
NA
NA
NA
NA
13.6'
NA
NA
NA
13.6'
NA
NA
NA
NA
NA
NA
13.4'
13.7'
NA
NA
NA

SLOSH
Cat 4
Depth
feet
NA
NA
NA
NA
NA
NA
NA
17.1'
NA
NA
NA
NA
NA
NA
17.1'
NA
NA
NA
17.1'
NA
NA
NA
NA
NA
NA
17.2'
17.1'
NA
NA
NA

SLOSH
Cat 5
Depth
Feet
NA
NA
NA
NA
NA
NA
NA
20'
NA
NA
NA
NA
NA
NA
20.1'
NA
NA
NA
20'
NA
NA
NA
NA
NA
NA
20.1'
20'
NA
NA
NA
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Historic Property Name
Trinity Protestant Episcopal
Church
Sweeney‐Royston House
Steffens‐‐Drewa House Complex
Willis‐‐Moody Mansion
Hutchings, Sealy, House
Illies Building‐‐Justine
Apartments
Melrose Apartment Building
Galveston US Post Office, Custom
House and Courthouse
Levy, E.S., Building
2512 Ave P 1/2
2012 29th St
The Christian Wolfer House
Garten Verein
Samuel May Williams Home
Hitchcock House
Ashton Villa
Sealy Garage
City Hall
2125 Church
Texas Building
2219 Market
J Reymershoffer Building
Tremont Hotel
30th St Pump Station
Galveston Cemetery
Galveston Cemetery
Medical Arts Building
Smith House

SLOSH
Cat 1
Depth
Feet

SLOSH
Cat 2
Depth
Feet

SLOSH
Cat 3
Depth
Feet

SLOSH
Cat 4
Depth
feet

SLOSH
Cat 5
Depth
Feet

Non‐Burnable

NA

NA

NA

NA

NA

No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

No

Yes

Non‐Burnable

NA

9.7'

13.6'

17.1'

20.1'

National

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

National

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

National
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local

Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Non‐Burnable
Very Low
Very Low
Non‐Burnable
Non‐Burnable

NA
6.4'
6.4'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
10.3'
10.3'
9.6'
NA
9.6'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
14.5'
14.5'
13.4'
NA
13.4'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
17.1'
17.1'
17.2'

NA
20.1'
20.1'
20.1'

17.2'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

20.1'
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

SFHA 100
Year

SFHA
500 Year

National

Yes

No

National
National
National
National

Yes
Yes
Yes
Yes

National

Designation

WFP Class
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Historic Property Name

Designation

Purity Ice Cream Sign
John Davidson Samuel Moore
Penland House
Schmidt House
Mt. Olive Missionary Baptist
Church
Alley House
Star State Co No.3 Fire House

Local

Yes

No

Non‐Burnable

SLOSH
Cat 1
Depth
Feet
NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local

Yes

No

Non‐Burnable

NA

NA

NA

NA

NA

Local
Local

No
Yes

Yes
No

Non‐Burnable
Non‐Burnable

NA
NA

9.7'
NA

13.6'
NA

17.1'
NA

20'
NA

SFHA 100
Year

SFHA
500 Year

WFP Class

8
9
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SLOSH
Cat 2
Depth
Feet
9.7'

SLOSH
Cat 3
Depth
Feet
13.6'

SLOSH
Cat 4
Depth
feet
17.1'

SLOSH
Cat 5
Depth
Feet
20'
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Appendix F
Repetitive Loss
Contents of this Section
F.1
F.2

F.1

Repetitive Loss Properties
City of Galveston’s Repetitive Loss Property Listing

Repetitive Loss Properties

Flooding, being a catastrophic peril, results in substantial loss whenever and wherever it occurs.
Although flood coverage is provided by the federal government, it is still critical that resources used
to respond to losses be used carefully. Throughout its history, the NFIP has been seriously affected
by the level of loss payments it has made more than once to repair or replace certain properties.
These properties are called Repetitive Loss properties (RL) and they represent both a severity and
a frequency exposure to the NFIP.
In a 2005 study by the Congressional Research Service (a branch of the library of Congress), it was
reported that, over the life of the NFIP program, 1% of the NFIP policies represented RLPs and that
group accounted for 30% of the program’s losses. The study also identified several major
contributors to RLPs including:




RL properties typically involve older properties that received grandfathering. In other
words, NFIP flood mitigation rules and requirements don’t apply to such structures since
they existed prior to the establishment of the programs. The premiums charged for such
properties are heavily subsidized rates.
RL properties that suffer only partial losses (less than 50% of their value) do not have to be
rebuilt according to floodplain management standards that apply to “substantially
damaged” properties. Therefore, their vulnerability to future flood losses is maintained.
This creates both a severity and a frequency problem.
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F.2 City of Galveston’s Repetitive Loss Property Listing
Within its jurisdiction, the City of Galveston contains 492 Repetitive Loss Properties and 27 Severe
Repetitive Loss Properties. This list is current as of July 31, 2015.
This information is protected by the Privacy Act of 1974, 5 U.S.C. § 552a, Public Law No. 93‐579,
(Dec. 31, 1974), and will not be provided in detail in this Plan.

July 27, 2017 – Page F‐2

The City of Galveston, Texas
Appendix G: Annual Progress Reports

Appendix G
Annual Progress Reports
Contents of this Section
G.1
G.2
G.3
G.4
G.5

2017 Progress Report
2018 Progress Report
2019 Progress Report
2020 Progress Report
2021 Progress Report

G.1

2017 Progress Report

G.2

2018 Progress Report

G.3

2019 Progress Report

G. 4

2020 Progress Report

G.5

2021 Progress Report
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