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ACS Access to Galveston Bay Ecosystem Information

CCMP Comprehensive Conservation and Management Plan for the Galveston Bay 

EC Galveston Bay Plan Priority “Engage Communities”

ECG Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Engage 
Communities”

EE Stressor identifier “Increase in Extreme Events”

EIH-UHCL Environmental Institute of Houston at the University of Houston Clear Lake

EPA Environmental Protection Agency

FWI Freshwater Inflows

GBC Galveston Bay Council

GBEP Galveston Bay Estuary Program

GBF Galveston Bay Foundation

GBP The Galveston Bay Plan, 2nd Edition

GLO Texas General Land Office

H-GAC Houston-Galveston Area Council

HARC Houston Advanced Research Center

HC Habitat Conservation

Acronyms

1
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ID Stressor identifier “Increasing Drought”

IF Stressor identifier “Increasing Inland Flooding (largely rain based)”

IS Galveston Bay Plan Priority “Inform Science-Based Decision Making”

ISG Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority/Goal “Inform 
Science-Based Decision Making”

LU Stressor identifier “Changes to land use and the built environment 
(infrastructure)”

MS4 Municipal Separate Storm Sewer Systems

NEP National Estuary Programs

NF Stressor identifier “Nuisance Flooding”

NPS Nonpoint Source

OA Ocean Acidification

PEA Public Education and Awareness

PHA Public Health and Awareness

PI Population Increase

PS Point Source

PSGCRE
Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Protect and 
Sustain Living Resources: Conserve, restore, and enhance vital habitats in the 
lower portion of the Galveston Bay watershed”

PSGFI
Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Protect 
and Sustain Living Resources: Ensure adequate quantities of freshwater reach 
Galveston Bay”
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PSGNS Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Protect and 
Sustain Living Resources: Sustain and restore native species populations”

RES Research and Monitoring

SA Galveston Bay Plan Priority “Ensure Safe Human and Aquatic Life Use”

SAGWBP
Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Ensure 
Safe Human and Aquatic Life Use: Increase public awareness of current public 
health risks/Reduce risk through WBPs”

SAGWNPS
Galveston Bay Plan Goal Identifier for Galveston Bay Plan Priority “Ensure 
Safe Human and Aquatic Life Use: Reduce NPS and PS (including WWTF and 
sanitary sewer system) pollution”

SC Species Conservation

SL Stressor identifier “Sea Level Rise and subsidence”

SPO Stakeholder and Partner Outreach

TAMU Texas A & M University

TAMUG Texas A & M University at Galveston

TCEQ Texas Commission on Environmental Quality

TNC The Nature Conservancy

TPWD Texas Parks and Wildlife Department

TWDB Texas Water Development Board

UH University of Houston

UHCL University of Houston Clear Lake

USFWS United States Fish and Wildlife Service
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USGS United States Geological Survey

WBPs Watershed-based Plans

WH Stressor identifier “Warmer Waters”

WS Stressor identifier “Warmer Summers”

WW Stressor identifier “Warmer Waters”

WWTF Wastewater Treatment Facility
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Galveston Bay is a 600 square mile, shallow, estuary 
on the upper Texas Gulf Coast. Galveston Bay is fed by 
the Trinity and San Jacinto Rivers, as well as coastal 
streams and bayous. The Bay and its surrounding 
watershed are a complex, interconnected system 
composed of biological, hydrological, and geological 
components. Galveston Bay provides resources and 
ecosystem services for the nearly six million people in 
the immediate surrounding region, including those of 
the dynamic Houston-Galveston metropolitan area. 

The Galveston Bay Estuary Program (GBEP) was created 
in 1989 and is managed by the Texas Commission 

Galveston Bay

Table 1: GBP Priorities/Goals

Engage Communities

Ensure Safe Human and Aquatic Life Use: Increase public awareness of current 
public health risks/Reduce risk through watershed-based plans (WBPs) 

Ensure Safe Human and Aquatic Life Use: Reduce nonpoint source (NPS) and point source 
(PS) (including wastewater treatment facility (WWTF) and sanitary sewer system) pollution

Inform Science-Based Decision Making

Protect and Sustain Living Resources: Conserve, restore, and enhance 
vital habitats in the lower portion of the Galveston Bay watershed

Protect and Sustain Living Resources: Ensure adequate 
quantities of freshwater reach Galveston Bay

Protect and Sustain Living Resources: Sustain and restore native species populations

GBEP’s strength comes from the collaborative 
partnerships that result from the implementation of 
the Galveston Bay Comprehensive Conservation and 
Management Plan [CCMP; also known as The Galveston 
Bay Plan, Second Edition (GBP)] (GBEP, 2018). The GBP 
provides a framework to address priority problems in 
the Galveston Bay Estuary.

Comprehensive Conservation and Management Plan 
(Galveston Bay Plan, Second Edition) 

on Environmental Quality (TCEQ). GBEP is one of 28 
National Estuary Programs (NEP) administered by 
the United States Environmental Protection Agency 
(EPA) and one of two estuary programs in Texas. In 
conjunction with all 28 NEPs, the non-profit Association 
of National Estuary Programs helps to educate 
lawmakers and local communities on the importance 
of estuaries. Estuaries are important for their role in 
the ecosystem as a “nursery.” GBEP works to preserve 
Galveston Bay for generations to come.

The core of the GBP lies in the four plan priorities 
(see Table 1) developed by the Galveston Bay Council 
(GBC) and its five subcommittees through a series of 
stakeholder workshops. Plan priorities and actions 
provide a roadmap for GBEP and its stakeholders, who 
coordinate to fund and implement activities to achieve 
identified goals.
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Coastal Resilience
Coastal resilience is the ability of our coastal economic, 
social, and ecological systems to withstand change and 
quickly recover from disaster.1 Resilient systems are 
managed in ways that anticipate and plan for future 
disruptions, allowing the system to adapt and thrive. 
Estuaries are dynamic environments with constantly 
changing tides, salinity regimes, fluctuating fish and 
wildlife populations, and habitats that migrate across 
landscapes. Resilient coastal communities manage 
their natural habitats in a manner that enables 
estuarine ecosystems and the adjacent built 
environment to better tolerate disturbances and 
promote estuarine resilience. 

Stakeholder Expert Workgroup and Assessment Context
HARC established a workgroup of stakeholder experts to 
obtain input used in the development of the Galveston 
Bay Estuary Resilience Action Plan. The group consisted 
of relevant representatives and subject matter experts 
from the GBC, subcommittees, and other state and 
regional interests, who provided input and guidance 
throughout the project to ensure it aligned with the 
goals and objectives of the GBP. The stakeholder expert 
workgroup had representation from the United States 
Geological Survey (USGS), Texas Parks and Wildlife 
Department (TPWD), Galveston Bay Foundation (GBF),

the Houston-Galveston Area Council (H-GAC), the 
Environmental Institute of Houston at the University of 
Houston Clear Lake (EIH-UHCL), Texas A&M University 
(TAMU), the United States Fish and Wildlife Service 
(USFWS), Texas General Land Office (GLO), Texas 
Water Development Board (TWDB), and The Nature 
Conservancy (TNC). Expertise representation was 
wide and varied, including water resources, habitat 
restoration, wetlands, social systems, and relative sea 
level rise. A complete list is included in Table 2.

1 https://oceanservice.noaa.gov/ecosystems/resilience/
2 https://www.epa.gov/cre/being-prepared-climate-change-workbook-developing-risk-based- adaptation-plans

The Galveston Bay Estuary Resilience Action Plan is a 
stakeholder-driven project with the purpose of assessing 
a series of coastal resilience criteria against the goals, 
objectives, and actions in the GBP. This is meant to 
compliment the GBP and provide resilience adaptation/
mitigation recommendations for implementers of the 
GBP. This report was developed in coordination with 
subject matter experts and members of the GBC and 
its subcommittees through a series of workshops with 
questions and discussion topics. For guidance, see the 
EPA’s “Being Prepared for Climate Change: A Workbook 
for Developing Risk-Based Adaptation Plans.”2 
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Organization Expertise
USGS Water Resources

EIH-UHCL Water Resources/Ecology

TPWD Habitat Restoration

GBF Restoration

TAMU AgriLife Extension Service Habitat ecology

H-GAC Water Quality

TPWD Estuarine ecology

TPWD Kills and Spills

USFWS Estuarine ecology/restoration/conservation

Texas A&M University at Galveston (TAMUG) Relative sea level rise

TAMU Relative sea level rise & wetlands

TAMUG Phytoplankton/Freshwater Inflows

TAMUG Phytoplankton communities

GBF Social/Community

Upper Coast Field - GLO Coastal Biologist

TCEQ Coastal Programs Specialist

Texas GLO Coastal Resources

TWDB Inflows

TNC SLAMM, marine spatial planning

An initial invitational facilitated workgroup meeting 
was held to provide an overview and purpose of the 
project and ask for stakeholder input from participants. 
The purpose of the initial meeting was to gain local 
perspectives and information and identify concerns or 
interests to the workgroup regarding Galveston Bay 
for inclusion in the vulnerability assessment focused 
on coastal resilience. The initial meeting focused on 
establishing the context for the Galveston Bay Estuary 
Resilience Action Plan, which involved identifying GBEP 

organizational goals susceptible to estuary stressors. 
The workgroup identified all the GBP priorities/goals as 
susceptible to estuary stressors (Table 1) (see Appendix 
A for the complete details on GBP Priorities). This initial 
brainstorming session focused on input and information 
on the Galveston Bay Estuary Resilience Action Plan, 
providing participants an opportunity to identify, list, 
and provide feedback on the GBP priorities/goals, risk 
identification, and potential stressors. 

Table 2: Galveston Bay Estuary Resilience Assessment Stakeholder Expert Workgroup
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Galveston Bay Resilience Stressors and Risks
The stakeholder expert workgroup then moved on 
to risk identification, which involved discussing how 
estuary stressors will interact with the GBP priorities/
goals and how the impacts of the risks may make it 
difficult for GBEP to meet the GBP priorities/goals. The 
workgroup identified and defined 11 estuary stressors 
through this brainstorming session (Figure 1) that the 
workgroup thought were impactful when discussing 
coastal resilience. The following stressors are the ones 
that the group determined Galveston Bay is facing now 
and/or in the future. Changes to land use and the built 
environment (infrastructure) is linked to population 
increase, but distinct from it in order to focus on 
changes to the land. Chronic higher tides/nuisance 
flooding refers to high water that is marine or estuarine 
water and is not related to storm surge. Increase in 
extreme events (coastal flooding/storm surge) refers to 
flooding events that are marine/estuarine water related 
to a storm event. Increasing drought relates to both 
chronic dry weather and episodic drought “events.” 
Increasing inland flooding (largely rain-based) refers to 
freshwater flooding and distinguishes these events from 
the marine/estuarine nuisance flooding and from storm

surge. Ocean acidification in the context of Galveston 
Bay has not been well studied. Here, we refer to 
the extent to which acidification of Gulf and ocean 
water and the processes that lead to it could lead 
to acidification of Galveston Bay water. The impacts 
discussed here are those for Galveston Bay waters. 
Population increase refers to the number of permanent 
residents and tourists in the Galveston Bay region. 
Sea level rise and subsidence refers to chronic, long-
term rising marine/estuarine water that is caused by a 
combination of eustasy (the volume of the ocean based 
on water quantity and temperature) and subsidence 
(also referred to as Relative Sea Level Rise) in the 
Galveston Bay region. Warmer summers refers to an 
increase in both high daily air temperatures and average 
temperatures during the warmest part of the year. 
Warmer waters refers to the temperature of the water 
itself overall (i.e., not seasonally but rather daily), either 
due to increases in air temperature, reduction of cooler 
water inflows, etc. that would impact organisms in the 
water. Warmer winters refers to an increase in both 
high daily air temperatures and average temperatures 
during the coolest part of the year.

Figure 1: The stakeholder expert workgroup identified 11 estuary stressors 
facing Galveston Bay now and in the future

Changes to land 
use and the built 

environment 
(infrastructure)

Chronic higher 
tides/nuisance 

flooding

Increase in 
extreme events 

(coastal flooding/
storm surge)

Increasing 
Drought

Increasing inland 
flooding 

(largely rain-based

Ocean 
Acidification

Population 
Increase

Sea Level Rise 
and Subsidence

Warmer 
Summers

Warmer 
Water

Warmer 
Winters

For each of the stressors, risks from the stressor on 
meeting the GBP priority were identified. So, for 
example, stakeholders were asked to consider: For the 
GBP priority/goal of Ensure Safe Human and Aquatic Life 
Use: Reduce NPS and PS (including WWTFs and sanitary 
sewer system) Pollution, how would the stressor of 
Warmer Summers pose risks that might impact GBEP in 
being able to meet that goal? 

The workgroup determined that for this stressor 
and goal, the defined risks were: a) using more 
water for irrigation leading to increased runoff, 
b) warmer summer water, increased likelihood of 
fecal indicator bacteria, and increased frequency of 
water quality exceedances of screening levels and c) 
increased evapotranspiration – comprised integrity of                    
water bodies.
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Risk Categorization: Consequence and Probability
The next step for the stakeholder expert workgroup 
was to take the stressors and risks developed during the 
initial workgroup meeting and follow-ups and convene 
for a second workgroup meeting to develop the risk 
analysis, which included selecting risks and stressors 
identified in the initial workshop and characterizing each 
risk to make an initial determination of consequence 
(impact) and probability (likelihood) of each risk. Risks 
were ranked on a qualitative scale for consequence and 
probability. For example, for the GBP priority/goal of 
Ensure Safe Human and Aquatic Life Use: Reduce NPS 
and PS (including WWTFs and sanitary sewer system) 
Pollution, and the stressor of Warmer Summers, the 
workgroup identified the risk of warmer summer water 
leading to increased likelihood of fecal indicator bacteria 
and increased frequency of water quality exceedance 
of screening levels. This risk was evaluated as having 
a high probability of occurrence if the stressor of 
Warmer Summers occurs, and medium consequence. 
Consequence was viewed as the impact the risk would 
have on an organization’s goal were it to occur. Low 
consequence meant life would not be majorly 

disrupted if the risk were to occur; the organization 
could adapt and meet its goals. High consequence was 
viewed as a major disruption, meaning the goal would 
be out of reach without significant efforts/adaptation/
mitigation and may not be attainable. The results from 
each workgroup meeting were then developed into a 
series of consequence/probability matrices. For each 
GBP priority/goal, the probabilities and consequences 
for each stressor/risk were illustrated according to 
all the possible combinations (high-medium-low) for              
the categories.  

Figure 2 illustrates the risk identification and analysis 
process described above to create the qualification 
of high, medium, or low for each consequence and 
probability. There are five components required to 
create the consequence/probability matrix (blue), with 
specific examples listed below (Example A: green and 
Example B: yellow). Text between steps 4 and 5, as well 
as steps 5 and 6 provide further explanation of how 
consequences and probabilities were determined in the 
green example.

1 2 3

6

MEDIUM CONSEQUENCE + HIGH
PROBABILITY of the STRESSOR of

Warmer Summers impacting the GOAL
of Reduce NPS Pollution due to the 

RISK of increased frequency of water
quality exceedances

MEDIUM CONSEQUENCE + MEDIUM
PROBABILITY of the STRESSOR of

Increase in Extreme Events
impacting the GOAL of Protect and
Sustain Living Resources due to the

RISK of an increase in frequency
and intensity of high salinity events

RISK Evaluation: Create Matrix of
PROBABILITY and CONSEQUENCE

for Workgroup Consensus

4

Warmer Summers: CONSEQUENCE
of the RISK of increased frequency

of water quality exceedances
impacting the GOAL of Reduce

NPS Pollution is MEDIUM

Increase in Extreme Events:
CONSEQUENCE of the RISK of

increased frequency and intensity
of high salinity events impacting
the GOAL of Protect and Sustain

Living Resources is MEDIUM

RISK Analysis: Develop
Consequence of Stressor on Goal

If we have
warmers 

summers, that
will likely lead to

warmer waters in
summertime.

Warmer waters
encourage

bacterial growth. 
 What will the risk

of increased
bacterial growth

be on GBEP
meeting its GBP
goal of Reducing
NPS Pollution?

5

PROBABILITY of the STRESSOR of
Warmer Summers leading to the

RISK of increased frequency of
water quality exceedances is HIGH

PROBABILITY of the STRESSOR 
of Increase in Extreme Events 

leading to the RISK of an increase in
frequency and intensity of high

salinity events is MEDIUM 

RISK Analysis:
Identify PROBABILITY

If we have 
warmer

summers, 
what is the 
probability 

of increased 
indicator
bacteria 

measurement?

Warm summers will lead to 
warmer water, increased probability 

of fecal indicator bacteria, and increased
frequency of water quality exceedances

Increase in extreme events will lead 
to an increase in frequency and 
intensity of high salinity events

STRESSOR:
Increase in extreme events 

(storm surge/coastal flooding)

Goals from the Galveston
Bay Plan were evaluated

GOAL: 
Protect and Sustain 

Living Resources

STRESSOR:
Warmer summers

Identify 
STRESSORS RISK Identification

GOAL: 
Reduce NPS Pollution

Ex B

Ex A

Figure 2: Flow Diagram of two examples from Goal to Consequence/Probability Development
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A series of draft consequence/probability matrices 
for the risks identified during the second workgroup 
meeting were prepared and presented to the workgroup 
in a final workgroup meeting for the workgroup to 
review and provide input on the draft consequence/
probability matrices. The resulting series of 
consequence/probability matrices were developed over 
18 months through three expert stakeholder workgroup 
meetings and targeted one-on-one stakeholder follow-
up discussions. Through the development of the 
stressors, risks, consequences, probabilities and the final 
matrices, versions and rough drafts were sent out to the 
GBEP subcommittee heads (the chair and vice-chair of

Communication & 
Consultation

Informing key people about Galveston Bay Estuary Resilience Assessment & asking for input 

Identified stakeholder expert workgroup, reaching out through GBEP subcommittees

Establishing 
the Context

Identifying organizational goals that are susceptible to estuary stressors

First workgroup meeting

Risk Identification Brainstorming about how estuary stressors will interact with organizationsl goals

First workgroup meeting

Risk Analysis Developing an initial characterization of consequence and probability for each risk

Second workgroup meeting

Risk Evaluation Using a consequence/probability matrix to build consensus about each risk

Third workgroup meeting

Establishing Context 
for Action

Review organization’s environment and partners

Fourth workgroup meeting

Risk Evaluation: 
Deciding on a Course

Evaluating risks to determine overall approach

Fourth workgroup meeting

Finding and Selecting 
Adaptation/Mitigation 
Actions

Determine adaptation/mitigation actions for chosen risks to mitigate

Fifth workgroup meeting

Preparing an 
Action Plan

Develop Plan with adaptation actions and show how they will support the CCMP

Review and sixth workgroup meeting

Figure 3: Outline of steps undertaken by the stakeholder expert workgroup

the Water and Sediment Quality, the Monitoring and 
Research, the Natural Resource Uses and the Public 
Participation and Education subcommittees) for 
input, edits, and comments. The following ideas and 
thoughts on stressors, risks and management strategies 
that went into the Galveston Bay Estuary Resilience 
Action Plan were generated by stakeholders in the 
expert workgroup to reflect the most likely impacts 
to Galveston Bay based on their years of research and 
experience working in the region. Figure 3 details the 
steps taken by the workgroup during the development 
of the Galveston Bay Estuary Resilience Action Plan.

Steps to Developing Galveston Bay Estuary Resilience Action Plan
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In order to develop consequence and probability matrices, stakeholders in the expert workgroup progressed through 
the first five steps in Figure 3 for 15 GBP goals and the 11 estuary stressors suggested by the workgroup as the most 
likely to impact Galveston Bay (Table 1 and Figure 1). The creation of the consequence/probability matrices required five 
components as outlined below taken in context of priorities/goals from each of the GBP priorities (Table 1).

The results of the risk evaluation are the Consequence/
Probability Matrices by GBP Priority/Goal (Figure 
4). For each matrix category, the stressors are listed 
first, with the risk in bold. As an example, for the 
GBP Goal of Engage Communities, the workgroup 
identified a stressor of Land Use Change. One of the 
risks the workgroup identified for the stressor of Land 
Use Change was Increased Impervious Surfaces. The 
workgroup evaluated the probability of Increased 
Impervious Surfaces as High, and the consequence of 
Increased Impervious Surfaces to meeting the GBP Goal 
of Engage Communities as Medium. Some stressors 
had the same risk associated with them. For example, 
in Figure 4, for all stressors associated with Nuisance 
Flooding, Increasing Extreme Event Flooding and 
Relative Sea Level Rise, the workgroup had identified 
the same risk of Increased flooding of property 
and habitat. Appendix B contains an assortment of 
Consequence/Probability Matrices sorted by: Stressor; 
and by consequence/probability overall, with all 
stressors and priorities combined.

Visualizing which risks are shared across goals, or which 
risks are considered both high consequence and high 
probability, or which risks might be most severe for a

particular goal allows for targeted resource planning. 
For example, Figure 5 shows all risks grouped by High 
Consequence and High Probability. The ability to 
visualize the risks across all categories and goals that are 
considered both high for consequence and probability 
can help with adaptation/mitigation planning decisions. 
The matrices could be used as part of risk evaluation 
(assessing risks to determine which ones an organization 
will move forward within the action planning process), 
finding and selecting adaptation/mitigation actions and, 
possibly, developing a risk-based adaptation/mitigation 
action plan. 

The consequence/probability matrix is a tool for 
visualizing how estuary stressors and their risks are 
categorized by experts in the field. These matrices allow 
GBEP and its subcommittees to evaluate priorities, 
concerns and issues concerning estuary resilience 
planning. Since risks, consequences and probabilities 
have been developed according to GBP priority/goal, 
the GBEP can use the Galveston Bay Estuary Resilience 
Assessment as a guide for planning for coastal resilience 
that align with the GBP goals.

Identification of estuary stressors that Galveston Bay will be facing now and in the 
future (identified by the stakeholder expert workgroup) (Figure 2). 

Identification of the risks associated with how the stressors might impact the ability of 
GBEP to meet each goal.

Assign a high, medium, or low consequence (or impact) of each risk on each goal. 

Assign a high, medium, or low probability (or likelihood) of the stressors affecting the 
ability of GBEP to meet the goals. 

Arrange the impacts of the stressors on the ability to meet the goals in a matrix 
organized by consequence and probability.

1

2

3

4

5

Quick Reference Box 1: Roadmap to Consequence/Probability Matrices Development
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GBP Goal: Engage Communities

GBP Goal: Ensure Safe Human and Aquatic Life Use: Increase public 
awareness of current public health risks/Reduce risk through WBPs

Figure 4: Series of Consequence/Probability Matrices for Estuary Resilience evaluated by GBP Goal
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GBP Priority/Goal: Ensure Safe Human and Aquatic Life Use: Reduce NPS 
and PS (including WWTFs and sanitary sewer system) pollution

GBP Goal: Inform Science – Based Decision Making
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GBP Goal: Protect and Sustain Living Resources: Conserve, restore and 
enhance vital habitats in the lower portion of the Galveston Bay watershed
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GBP Goal: Protect and Sustain Living Resources: Ensure 
adequate quantities of freshwater reach Galveston Bay

GBP Goal: Protect and Sustain Living Resources: 
Sustain and restore native species populations
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Using the matrices shown in Figure 4, the 
stakeholder expert workgroup met to identify 
and recommend risk evaluations and identify and 
select adaptation/mitigation actions. In order to 
continue development of the Galveston Bay Estuary 
Resilience Action Plan, stakeholders in the expert 
workgroup progressed through the last steps 6-9 in 
Figure 3. The workgroup meetings were used to

American Bird Conservancy 

Armand Bayou Nature Center 

Artist Boat 

Association of National Estuary Programs 

Audubon Texas 

Bayou Land Conservancy 

Bayou Preservation Association 

Black Cat GIS 

CenterPoint Energy (Utilities) 

Chambers County 

Chambers-Liberty County Navigation District 

Children's Environmental Literacy Foundation 

Citizen (including community representatives and retired and emeritus stakeholders) 

Citizens' Environmental Coalition 

City of Houston 

City of Pearland 

Coastal Conservation Association - Texas 

Ducks Unlimited 

East Harris County Manufacturers’ Association (Axiall, LLC) 

EcoRise 

GBF 

Galveston County 

Galveston County Health District 

Greater Houston Partnership (Dow Chemical) 

Gulf Coast Authority 

Gulf Of Mexico Alliance  

Harris County Flood Control District 

HARC 

Context for Action Plan
assess the risks as High Consequence and High 
Probability, and likely to occur within the next 10 
years. The workgroup reviewed the organizational 
context (GBP Goals) and identified a list of potential 
partners including identification of common 
organizational goals, objectives, or work areas 
where potential partners could help with the risks. 

Table 3: GBEP Potential Mitigation Partners
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Houston Audubon 

Houston Parks and Recreation Department 

Houston Parks Board 

Houston Wilderness 

H-GAC 

Jeri's Seafood (Commercial Fisheries) 

Coastal (formerly Katy) Prairie Conservancy 

KPRC 

Kuraray America Inc. (Industries) 

League of Women Voters 

Lee College 

Lyondell Basell (Industries) 

Marina Bay Harbor (Marinas) 

National Oceanic and Atmospheric Association 

Native Prairies of Texas Association 

North American Association of Environmental Educators 

NRG Energy 

Port Houston 

Prairie View A&M University 

RESTORE Council 

San Jacinto River Authority 

Scenic Galveston 

Sierra Club 

Student Conservation Association 

Texas A&M AgriLife - Extension Service 

Texas A&M AgriLife - Texas Community Watershed Partners 

Texas A&M Forest Service 

Texas A&M Texas Water Resources Institute 
Texas A&M University - College Station 

Texas A&M University - Corpus Christi 

TAMUG 

Texas A&M University - Geochemical Environmental Research Group 
Texas Coastal Partners - Shead Conservation Solutions (Other Conservation Associates) 

TCEQ
Texas Department of Agriculture 

Texas Department of State Health Services 
Texas Department of Transportation  

GLO 
Texas Master Naturalists 
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TPWD

Texas Railroad Commission 

Texas Sea Grant 

Texas State Soil and Water Conservation Board 

TWDB 

TNC 

Trinity River Authority 

Turtle Island Restoration Network 

U.S. Army Corps of Engineers 

U.S. Coast Guard 

U.S. Department of Agriculture - Natural Resources Conservation Service 
EPA 

USFWS

USGS 

UH 

UHCL 

Risk Approach
As the matrices show, many of the risks are not only 
related but also have the potential to
build on each other and impact several of the GBP 
Goals. With connecting systems, a single stressor will 
affect more than one resource or Plan Goal. At the 
same time, adaptation or mitigation strategies will 
often mitigate the impact or risk of more than one 
stressor. Ranking risks as high, medium, or low enables 
adaptation/mitigation strategies based on prioritization. 
When time, money or other resources are limited, 
responding to risks with high consequence and high 
probability is the top priority because they are very 
likely to happen and will have high impacts when they 
do. Medium and low risks are not ignored, but they 
can be addressed in the future or as capacity allows. In 
addition, with connecting systems, often adaptation or 
mitigation actions selected for a high consequence/high 
probability risk will address medium and low risks as

well. Each risk identified by the workgroup as High 
Consequence and High Probability, and likely to occur 
within the next 10 years, was evaluated for a risk 
approach that was determined by the workgroup as the 
best approach – Mitigate, Transfer, Accept, or Avoid3.

The approach of Transfer: Assist partners with state/
federal/local assistance programs was removed from 
later lists at the request of the stakeholder expert 
workgroup. GBEP rarely carries out projects itself; it 
usually supports other organizations that mitigate 
risks by funding and/or assisting partners to finance 
and do the work. Given how GBEP supports other 
partners in executing adaptation/mitigation actions in 
nearly every case, “transfer” was removed from lists 
of the adaptation/mitigation actions to focus on the 
mechanisms behind the adaptation/mitigation actions.

 3 https://www.epa.gov/cre/being-prepared-climate-change-workbook-developing-risk-based- adaptation-plans
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Approach to risk Definition of approach to risk

Mitigate Take action to lower the consequence or likelihood of the risk (or both). 
Address the risk or lead the effort to address the risk.

Transfer Another party has responsibility for mitigating the risk. Allow or 
ask others to take the lead and GBEP will assist if applicable.

Accept Run the risk. Accept that the consequences may occur. Business as 
usual despite the risk. Monitor and reassess options in the future.

Avoid Take organizational or administrative action so 
that GBEP will not be exposed to the risk.

Table 4: Definition of Risk Approaches

The workgroup met to strategize on categorizations 
of risk approach. Table 4 outlines the discussion 
points for each risk approach. The workgroup then 
brainstormed a risk approach category for all the high 
consequence and high probability risks. Risks that were 
identified as mitigate or transfer were grouped for 
further identification of adaptation/mitigation actions. 
Because the group had focused on categorizing only 
high consequence and high probability risks, the group 
determined that none of the risks were avoidable. 
Four risks were categorized as Accept; note that the 
stakeholders felt the best course of action was to

categorize them as Accept/Monitor, feeling that the best 
approach on this was to keep an eye on the situation 
until how to adapt for the risk could be determined. 
These risks were: increased stratification due to warmer 
waters; warm winters will enhance survival of insect 
pests due to warmer winters; base flow in streams may 
decrease due to increasing drought and warmer water 
could alter habitat distribution and lower dissolved 
oxygen in same areas due to warmer water. The risks 
that were identified as accept or avoid were accepted 
and not evaluated further as part of the adaptation/
mitigation action strategy development. 
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Adaptation/Mitigation Actions
Based on the risk approaches selected in the first 
round of stakeholder expert workgroup meetings, 
the workgroup met again to determine Adaptation/
Mitigation Actions for the risks that were categorized 
as mitigate. In addition to risk reduction potential, the 
workgroup was encouraged to assess other criteria 
such as feasibility, effectiveness, equity, and cost-
effectiveness. The goal of the adaptation and mitigation 
actions is that they could mitigate the risk by bringing 
either the consequence or probability down to a 
medium or low. Any suggested partners listed in the 
Galveston Bay Estuary Resiliency Action Plan is not a 
commitment of funding or participation and could be 
subject to change.

The workgroup met and brainstormed on adaptation 
and mitigation actions that were occurring now or

should occur in the future to help protect the health 
of Galveston Bay. These various actions ranged from 
specific programs to educational opportunities to land 
conservation to broader monitoring and research goals. 
From these detailed actions, nine adaptation/mitigation 
action categories were discussed and decided on by the 
workgroup, along with examples of organizations who 
are currently or will be soon carrying out adaptation/
mitigation actions. The following list details these 
adaptation/mitigation action categories, which are also 
seen in Table 5. The workgroup decided to identify some 
responsible parties (with several specific highlighted 
examples below) but did not want to limit or focus 
on responsible parties. They opted to focus on the 
adaptation/mitigation actions and leave the responsible 
parties open for collaborative opportunities. 

	Stakeholder Outreach: Education – Education of stakeholders in this context is meant to include 
both formal education and community or industry-based workshops, webinars, and similar 
long-form outreach activities that provide information and context in an audience-appropriate 
format. [Texas A&M AgriLife Extension, GBF, H-GAC, USGS, TWDB]

•	 Stakeholder Outreach: Education would address stressors such as:
o Chronic higher tides/nuisance flooding
o Increase in extreme events (coastal flooding/storm surge)
o Population Increase
o Sea Level Rise + subsidence
o Warmer Summers
o Warmer Waters
o Warmer Winters

Quick Reference Guide 2: Pathway to Consequence/Probability Matrices Development

	Stakeholder Outreach: Alerts/Risk - Organizations have different means and methods to alert 
stakeholders to risks. Posted signs, websites, text alerts, fliers. [Texas Department of State Health 
Services, cities, and municipalities]

•	 Stakeholder Outreach: Alerts/Risk would address stressors such as:
o Increase in extreme events (coastal flooding/storm surge)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based)
o Warmer Summers
o Warmer Waters
o Warmer Winters
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	Monitoring – Observing the system at risk to characterize how risks impact it in order to identify 
and execute appropriate mitigation actions if/when needed. [USGS, GLO, U.S. Army Corps of 
Engineers, TAMUG, UH, GBF]

•	 Monitoring would address stressors such as:
o Chronic higher tides/nuisance flooding
o Increase in extreme events (coastal flooding/storm surge)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based) 
o Sea Level Rise + subsidence
o Warmer Summers 
o Warmer Waters
o Warmer Winters 

	Implementation of WBPs – WBPs are supported by TCEQ, H-GAC, and others to bring 
stakeholders together to create community developed documents to identify potential 
sources of waterbody impairments throughout a watershed and provide a framework for 
implementation strategies to reduce pollution and improve overall water quality in Texas streams 
and rivers. Implementation measures are the next step in realizing the goals and needs of the 
communities. [GBEP and H-GAC fund WBPs]

•	 Implementation of WBPs would address stressors such as:
o Changes to land use and the built environment (infrastructure)
o Chronic higher tides/nuisance flooding
o Increase in extreme events (coastal flooding/storm surge)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based)
o Population Increase
o Sea Level Rise + subsidence
o Warmer Summers
o Warmer Waters

	Preservation/Conservation/Restoration – Preservation of lands, waters and habitats seeks to 
protect natural areas from use. Conservation seeks to use natural areas properly. Restoration’s 
goal is to return natural areas to what they were or at least to functional parts of their 
ecosystem. [GBF, TPWD, Artist Boat, GLO, TNC]

•	 Preservation/Conservation/Restoration would address stressors such as:
o Increase in extreme events (coastal flooding/storm surge)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based)
o Population Increase
o Sea Level Rise + subsidence
o Warmer Summers
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	Research – Research is required when not enough information is known about the environment, 
ecosystems, or community at risk to better understand what the impacts are and if/how they 
should be mitigated. [USGS, HARC, TAMUG, UH, Rice University, HARC, TWDB]

•	 Research would address stressors such as:
o Increase in extreme events (coastal flooding/storm surge)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based) 
o Sea Level Rise + subsidence
o Warmer Summers 
o Warmer Waters 
o Ocean Acidification

	Promote Water Conservation and Reuse - Cities, council of governments, non-profits, water 
agencies, and local municipal utility districts can and should promote water conservation and 
may provide programming. City of Houston, GBF, and others promote and provide rain barrels 
and workshops on how to use them. [H-GAC, GBF, TWDB promote water conservation]

•	 Promote Water Conservation and Reuse adaptation actions would address stressors 
•	 such as:

o Changes to land use and the built environment (infrastructure)
o Increasing Drought
o Increasing Inland Flooding (largely rain-based)
o Warmer Summers

	Promote Native Habitat – Special consideration should be given to preserving, conserving, 
restoring (including removing/preventing invasive species), monitoring, and educating the public 
about native habitats. [TPWD, Coastal Prairie Conservancy, Texas A&M AgriLife Extension, TNC]

•	 Promote Native Habitat adaptation actions would address stressors such as:
o Increasing Drought 
o Sea Level Rise + subsidence
o Warmer Summers
o Warmer Waters

Table 5 outlines the stakeholder expert workgroup’s list 
of stressors and risks Galveston Bay is facing now and 
in the future. With each risk, the potential adaptation/
mitigation action strategies are identified, with some 
specific adaptation/mitigation actions outlined. For 
every adaptation/mitigation action, Table 5 outlines if 
the adaptation/mitigation action will reduce the

likelihood of the risk occurring and/or reduce the 
consequence of the risk should it occur. Table 5 will 
serve as a reference for GBEP and GBEP stakeholders 
to prioritize strategic initiatives and projects based on 
which combination of stressors, risks, and likelihoods/
consequences are the focus for implementation.
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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e 
ris

k? Selected Examples of 
Adaptation/Mitigation 

Actions

Nuisance flooding, 
sea level rise and 
subsidence, and/
or extreme event 
flooding leading to 
increased flooding 
of property and 
habitat

Stakeholder Outreach: Education
Development of resilience 
plans; networks to share 
data with stakeholders

Monitoring

Warmer summers 
and warmer waters 
leading to 
increased bacteria

Stakeholder Outreach: Education
Bacteria monitoring 
on beaches, streams, 
and lakes; informing 
stakeholders

Monitoring

Implementation of WBPs

Warmer waters 
leading to 
heat stress

Stakeholder Outreach: Education
Monitoring on beaches; 
informing stakeholders

Monitoring

Ocean acidification 
leading to loss of 
oyster reef habitat

Research

Research on current 
state of Galveston Bay 
acidification; share data 
with stakeholders

Extreme events 
and inland flooding 
leading to 
bacteria in flood 
waters 

Stakeholder Outreach: Alerts/Risk
WBPs; water quality 
criteria; using genetic and 
traditional methods to 
track sources of bacteria 
and pathogens

Monitoring

Implementation of WBPs

Extreme events 
leading to exposure 
to pollutants in flood 
waters

Stakeholder Outreach: Alerts/Risk Wet weather monitoring

Rising sea level and 
subsidence leading 
to greater coastal 
wetland losses, 
resulting in less 
filtration of water

Stakeholder Outreach: Education Inform stakeholders of 
threats; WBPs; conserve 
coastal habitat

GBEP and partners

Implementation of WBPs

Preservation/Conservation/ 
Restoration

NO YES

NO YES

NO YES

NONO

NO YES

YES YES

YES YES

YES YES

NO YES

YES YES

YES YES

YES NO

YES YES

YES YES

Table 5: Evaluation of Potential Adaptation/Mitigation Actions and Strategies for Galveston Bay
Stressors appear in bold type, Risks appear in italics. Stressors and Associated Risks Selected for Adaptation/Mitigation are color coded by the CCMP 
goals they address: purple for Engage Communities, blue for Ensure Safe Human and Aquatic Life Use, orange for Inform Science-Based Decision 
Making, green for Protect and Sustain Living Resources. WBPs = Watershed-based Plans.

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Warmer summers 
leading to increased 
violations of 
bacteriological 
standards

Stakeholder Outreach: Education

WBPs; water quality 
criteria

Implementation of WBPs

Warmer waters 
leading to 
increased vibrio 
illnesses (increased 
communication on 
public health risks

Stakeholder Outreach: Alert/Risk
Monitoring and 
stakeholder alerts

Monitoring

Nuisance flooding 
leading to increase 
in extent of tidal 
flooding, causing 
more septic systems 
and wastewater 
treatment facilities 
and lift stations to 
fail - lead to 
long-term pollutant 
load increase

Implementation of WBPs WBPs

Extreme events 
leading to increase 
in extent of tidal 
flooding, leading 
to new sources 
of pollution from 
floating tanks, 
runoff, etc.

Monitoring

Monitoring; research on 
tanks in storms

Research

Increasing drought 
leading to increased 
human use of water 
for irrigation, leading 
to increased runoff

Implementation of WBPs
WBPs; green 
infrastructure; water 
conservation programs

YES

NO YES

YES YES

YES YES

YES YES

NO YES

NO YES

NO YES

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Inland flooding 
leading to 
increased erosion 
of streambeds, 
increasing 
sedimentation, 
and decreasing 
width of riparian 
corridors, which 
reduces vegetated 
land available for 
filtration, increasing 
short-term and long-
term pollutant loads

Implementation of WBPs

WBPs; conserve 
riparian habitat; native 
plant restoration; soil 
conservation; green 
infrastructurePreservation/Conservation/ 

Restoration

Increased 
population leading 
to increase in 
pollutant sources 

Implementation of WBPs WBPs; stakeholder 
outreach; green 
infrastructure; trash, 
litter, and microplastics 
preventionStakeholder Outreach: Education

Sea level rise and 
subsidence leading 
to higher water 
tables/increase 
in extent in tidal 
flooding will drown 
coastal septic 
systems causing 
them to fail - lead to 
short-term and long-
term pollutant load 
increases

Implementation of WBPs
WBPs; stakeholder 
outreach; state funds 
to replace failing septic 
systems

Stakeholder Outreach: Education

Sea level rise and 
subsidence leading 
to contaminated 
sites that may flood 
or have shoreline 
erosion

Preservation/Conservation/ 
Restoration

Identify sites on the 
Superfund1 National 
Priorities List subject 
to coastal influence 
and develop plans for 
protection

YES YES

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

1 Any protection plans will not intrude on boundaries of superfund site, and will be developed in consultation with TCEQ/EPA (appropriate parties).
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Changes in land use 
and infrastructure 
leading to increased 
impervious surfaces, 
resulting in increased 
runoff and alter the 
quantity, timing, and 
duration of inflows

Implementation of WBPs
WBPs; stakeholder 
outreach; carbon 
storage research; green 
infrastructure 

GBEP/Partners: WBPs, 
carbon storage research

Promote Water Conservation 
and Reuse

Extreme events 
leading to increase 
in the potential for 
spills/contaminants 
entering the bay 
system

Implementation of WBPs Development and 
implementation of 
resilience and disaster 
response plans; 
monitoringMonitoring

Warmer summers 
leading to increased 
evapotranspiration 
- less freshwater 
inflow, compromised 
water quality

Promote Water Conservation 
and Reuse Initiate studies on 

evapotranspiration in the 
Galveston Bay watershed

Research

Warmer waters 
leading to increased 
evapotranspiration 
- less freshwater 
inflow, compromised 
water quality

Promote Water Conservation 
and Reuse

Initiate studies on 
evapotranspiration in the 
Galveston Bay watershed; 
supply information to 
decision makers regarding 
inflow updatesResearch

Warmer summers 
leading to increase 
in the potential for 
more and stronger 
tropical storms/ 
hurricanes

Research
Master plans; coastal 
research and monitoring; 
storm research and 
monitoring

Monitoring

Implementation of WBPs

Extreme events 
leading to increased 
stream erosion and 
sediment loads

Preservation/Conservation/
Restoration

Living shorelines, 
breakwaters, support 
for public and private 
landownersStakeholder Outreach: Education

YES YES

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

NO YES

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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e 
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k? Selected Examples 
of Adaptation/

Mitigation Actions

Inland flooding 
leading to increased 
stream erosion and 
sediment loads

Research

Restore/enhance 
riparian corridors along 
watershed bayous; green 
infrastructure

Promote Water Conservation 
and Reuse

Preservation/Conservation/ 
Restoration

Extreme events 
leading to loss of 
habitat

Preservation/Conservation/ 
Restoration

Land conservation 
and native habitat 
restoration project 
implementation

Implementation of WBPs

Stakeholder Outreach: Education

Increasing drought 
leading to loss of 
habitat for riparian 
spawning fish 
species

Research

Restore/enhance 
riparian corridors 

Promote Water Conservation and 
Reuse

Preservation/Conservation/ 
Restoration

Population increase 
leading to loss of 
native habitat due to 
development

Stakeholder Outreach: Education Land conservation 
and native habitat 
preservation; promote 
benefits of native habitat 
to stakeholders 

Preservation/Conservation/ 
Restoration

Inland flooding 
leading to changes 
in shallow water 
habitat and 
secondary impacts 
on juvenile stages of 
estuarine and marine 
organisms

Preservation/Conservation/ 
Restoration

Habitat restoration, and 
shoreline enhancement 
projects that restore 
rookery islands, 
intertidal marsh, 
and shallow water 
habitats to sustain and 
restore native species 
populations; land 
conservation

Monitoring

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

NO YES

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Sea level rise and 
subsidence leading 
to increased marsh 
flooding

Preservation/Conservation/ 
Restoration Habitat acquisition/ 

restoration, and 
enhancement projects 
that allow for marsh 
migration to sustain and 
restore native species 
populations

Stakeholder Outreach: Education

Monitoring

Sea level rise and 
subsidence leading 
to changing spatial 
extent of available 
habitat

Preservation/Conservation/ 
Restoration

Habitat acquisition 
projects that allow 
for marsh migration 
to sustain and 
restore native species 
populations; baseline 
and gap analysis of 
conservation projects

Monitoring

Promote Native Habitat

Sea level rise and 
subsidence leading 
to loss of restored 
and enhanced 
habitat due to 
drowning

Preservation/Conservation/
Restoration

Habitat enhancement 
and restoration projects 
that sustain and 
restore native species 
populations; wetland 
restoration and adaptive 
management on prior 
projects

Monitoring

Promote Native Habitat

Warmer waters 
leading to altered 
habitat distribution 
and lower dissolved 
oxygen

Monitoring

Intertidal marsh and 
shoreline enhancement/
restoration projects 
to sustain and 
restore native species 
populations by 
recreating historic marsh 
complexes and reducing 
open water

YES YES

NO YES

NO YES

NO YES

NO YES

NO YES

NO YES

YES YES

NO YES

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Increasing drought 
leading to increased 
evapotranspiration 
and/or decrease 
in freshwater 
inflows which will 
cause increased 
salinity impacts and 
decreases in oyster 
reef habitat

Research

Reef restoration in upper 
reaches of Galveston Bay; 
advocate for additional/ 
or base level inflow and 
preserve native habitat

Promote Water Conservation 
and Reuse

Preservation/Conservation/ 
Restoration

Sea level rise and 
subsidence leading 
to increased extent 
of saline waters

Preservation/Conservation/ 
Restoration

Conserving lands to 
prevent saltwater 
intrusion into freshwater 
wetlandsResearch

Increasing drought 
leading to increasing 
demand on water 
resources; decrease 
in discharge to 
Galveston Bay

Promote Water Conservation 
and Reuse Support for the statewide 

environmental flows 
process; regional 
ecological plansImplementation of WBPs

Increasing drought 
leading to decrease 
in base flow of 
streams

Monitoring

Partner participation 
in the regional water 
planning processes to 
ensure the rules that 
govern the regional water 
plans better protect water 
for wildlife

Increasing  
drought leads to 
increased demand 
on groundwater, 
leading to further 
reduction of base 
flow

Promote Water Conservation 
and Reuse

Partner participation 
in the regional water 
planning processes to 
ensure the rules that 
govern the regional water 
plans better protect water 
for wildlife

Implementation of WBPs

YES YES

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

YES

YES YES

NO YES

NO YES
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Stressors and 
Associated 

Risks Selected 
for Adaptation/

Mitigation

Potential Adaptation/Mitigation 
Action Strategies
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k? Selected Examples of 
Adaptation/Mitigation 

Actions

Warmer summers 
lead to increased 
evapotranspiration, 
which will decrease 
freshwater inflows

Promote Water Conservation 
and Reuse Riparian restoration; 

green infrastructure; 
promote native habitatPreservation/Conservation/

Restoration

Sea level rise and 
subsidence leads 
to changing light 
attenuation 

Preservation/Conservation/ 
Restoration

Refuges; living shorelines 
to prevent suspended 
solids from erosion 
from impacting light 
attenuation

Research

Warmer summers 
could expand range 
of invasive species

Stakeholder Outreach: Alerts/Risk
Supporting projects 
that manage invasive 
species range and spread; 
managing invasive species 
on properties/ public 
lands

Stakeholder Outreach: Education

Monitoring

Promote Native Habitat

Warmer waters 
lead to a decrease in 
dissolved oxygen

Stakeholder Outreach: Education Monitoring with 
water quality team for 
education activities; 
educating marinas about 
design best practices to 
increase flow

Monitoring

Research

Warmer waters 
lead to increased 
stratification

Monitoring
Monitoring water 
temperature and 
stratification

Warmer winters 
leads to enhanced 
survival of insect 
pests

Stakeholder Outreach: Alerts/Risk

Follow up with monitoring 
organizations and with 
species of concern (like 
Emerald Ash Borer)

Stakeholder Outreach: Education

Monitoring

Promote Native Habitat

Ocean acidification 
leading to potential 
impacts on shellfish 
and other sedentary 
organisms that 
require calcium for 
exoskeleton

Research
Research on current 
state of Galveston Bay 
acidification

YES YES

YES YES

NO YES

NO YES

YES YES

YES YES

YES YES

NO YES

NO YES

YES YES

NO YES

YES YES

YES YES

NO YES

NO YES

YES YES

NO YES
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Many of the adaptation/mitigation actions and 
strategies discussed above fit within the priorities and 
goals of the CCMP, which serves as GBEP’s master 
planning document. The connections between the risks 
and the actions that will reduce the likelihood and/or 
consequences of those risks will facilitate prioritization 
and implementation of adaptation/mitigation actions by 
GBEP and its partners (Table 6). 

Incorporating Adaptation/Mitigation Actions in the CCMP
Below are several visual representations of the 
relationships between adaptation/mitigation actions 
and the GBP priorities and goals (Figure 6, Table 7). 
Many adaptation/mitigation actions could serve 
multiple GBP goals and mitigate several risks. Table 6 
shows a detailed view of stressors, risks and potential 
adaptation/mitigation actions categorized by impact to 
the Galveston Bay CCMP goals. 
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Engage Communities

Ensure Safe Human and Aquatic Life Use  

Protect and Sustain Living Resources  

Inform Science-Based Decision Making

Figure 6. Sankey Chart showing the relationships between stressors and 
adaptation/mitigation action grouping, color coded by GBP Priorities
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Adaptation/Mitigation Grouping

Stakeholder Outreach: Education X X X  X X

Stakeholder Outreach: Alerts/Risk X X  

Monitoring X X X X X X

Implementation of WBPs X X X X X  X

Preservation/Conservation/Restoration  X X X X X X

Research  X X X  

Promote Water Conservation and Reuse  X X  X  

Promote Native Habitat    X

GBP Priorities/Goals

Table 6: Adaptation/Mitigation Strategy Groupings vs. GBP Priorities/Goals
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Adaptation/Mitigation Grouping

Stakeholder Outreach: Education X X X X X   X  

Stakeholder Outreach: Alerts/Risk  X  X X X X   

Monitoring X X X X X  X   

Implementation of Watershed Based Plans X X X X  X X X X 

Preservation/Conservation/Restoration  X X X   X X  

Research  X  X X X X   X

Promote Water Conservation and Reuse    X X X X  X 

Promote Native Habitat    X   X  X 

Table 7: Adaptation/Mitigation Strategy Groupings vs. Stressors

The adaptation/mitigation action groupings above 
address adaptation/mitigation actions to mitigate 
the impacts of climate stressors on CCMP goals 
and priorities. In order to ensure the successful 
implementation of the Galveston Bay Estuary Action 
Plan, the adaptation/mitigation actions should be 
tracked over time. For future projects that include 
adaptation/mitigation actions, the resilience risks that 
are addressed and the frequency of reporting should be 
tracked, along with responsible parties and steps

Tracking Projects that Include Adaptation/Mitigation Actions
(Table 8). At the same time, actions that are aimed 
at specific risk reduction should be tracked (Table 9). 
Ideally, future projects and proposals should identify 
which risks are likely to be addressed by the goals of the 
project and which adaptation/mitigation actions will 
be taken and tracked over time. Project tracking with 
these metrics will enable GBEP and its stakeholders to 
integrate the Galveston Bay Estuary Resilience Action 
Plan into the CCMP and the projects that aim to 
support it.
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Adaptation/
Mitigation Risk(s) addressed Responsible party(ies) Next steps Reporting frequency

1.  

2.  

3.  

n.

Risk selected for 
adaptation/mitigation Action(s) employed/completed

1.  

2.  

3.  

n.

The future conservation and protection of Galveston 
Bay will be dependent on stakeholder decisions who 
have the knowledge, funding, and the will to adapt to 
changing conditions and plan and act accordingly. GBEP 
and its stakeholder experts have the knowledge, and 
now in the Galveston Bay Estuary Resilience Action 
Plan, a list of estuary resilience stressors, risks, and 
appropriate adaptation/mitigation actions to protect the 
GBEP GBP’s goals and ensure a resilient Galveston Bay.

Conclusions
The adaptation/mitigation actions identified and 
discussed above and the risks that will necessitate their 
implementation will also be included in the updated 
CCMP. GBEP’s partners have already implemented 
some of these actions and strategies and others are 
in development. Including estuary resilience stressors 
and adaptation/mitigation strategies will make it easier 
to prioritize and fund projects that will improve the 
resilience of Galveston Bay.

Table 8: Tracking Selected Adaptation/Mitigation Actions

Table 9: Example: Tracking Risk Reductions
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Appendix A: GBP-Plan Priorities and Action Plans (Figures from the 
Galveston Bay Plan, 2nd Edition, https://gbep.texas.gov/galveston-bay-
plan/)

GBP Figure 12. Nonpoint Source Action Plan

https://gbep.texas.gov/galveston-bay-plan/ )
https://gbep.texas.gov/galveston-bay-plan/ )
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GBP Figure 15. Point Source Action Plan
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GBP Figure 17. Public Health Awareness Action Plan



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

40

GBP Figure 21. Habitat Conservation Action Plan
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GBP Figure 23. Species Conservation Action Plan
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GBP Figure 25. Freshwater Inflows Action Plan



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

43

GBP Figure 27. Stakeholder and Partner Outreach Action Plan
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GBP Figure 29. Public Education and Awareness Action Plan
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GBP Figure 31. Applied Research and Monitoring Action Plan
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GBP Figure 33. Increase Access Action Plan



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

47

Appendix B: Consequence/Probability Matrix Organized by Stressor and by Consequence/
Probability for All Categories and Stressors

GBP Priority GBP Goal ID

Engage Communities ECG

Ensure Safe Human and Aquatic Life Use: Increase public 
awareness of current public health risks/Reduce risk 
through WBPs

SAGWBP

Ensure Safe Human and Aquatic Life Use: Reduce NPS and 
PS (including WWTF and sanitary sewer system) pollution SAGWNPS

Inform Science - Based Decision Making ISG

Protect and Sustain Living Resources: Conserve, restore, 
and enhance vital habits in the lower portion of the 
Galveston Bay watershed.

PSGCRE

Protect and Sustain Living Resources: Ensure adequate 
quantities of freshwater reach Galveston Bay PSGFI

Protect and Sustain Living Resources: Sustain and restore 
native species populations PSGNS

Stressor Stressor 
ID

Changes to land use and 
the built environment 
(infrastructure)

LU

Chronic higher tides/
nuisance flooding NF

Increase in extreme 
events (coastal flooding/
storm surge)

EE

Increasing Drought ID

Increasing Inland 
Flooding (largely rain-
based)

IF

Ocean Acidification OA

Population Increase PI

Sea Level Rise + 
subsidence SL

Warmer Summers WS

Warmer Waters WH

Warmer Winters WW

These are the IDs for the GBEP Plan Goals and Stressors used in the CP Matrices
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Consequence/Probability Matrix by Stressor
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Consequence/Probability Matrix by All Categories and Stressors



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

60



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

61



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

62



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

63



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

64



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Action Plan – Draft

65


	Acronyms
	Galveston Bay
	Comprehensive Conservation and Management Plan 
	Coastal Resilience
	Stakeholder Expert Work Group and Assessment Context
	Galveston Bay Resilience Stressors and Risks
	Context for Action Plan
	Risk Approach
	Adaptation/Mitigation Actions
	Incorporating Adaptation/Mitigation Actions in the CCMP
	Table 6: Adaptation/Mitigation Strategy Groupings vs. Stressors Bay
	Table 7: Adaptation/Mitigation Strategy Groupings vs. Stressors
	Table 8: Tracking Selected Adaptation/Mitigation Actions
	Table 9: Example: Tracking Risk Reductions

