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The Galveston Bay Estuary Resilience Assessment is a stakeholder-driven project; the ideas and thoughts on stressors, risks, and management strategies were generated 
by stakeholders in the expert work group and do not necessarily reflect the official policy or position of TCEQ.  
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Coastal resilience is the ability of our coastal economic, social and ecological systems to withstand change and quickly 

recover from disaster1. Resilient systems are managed in ways that anticipate and plan for future disruptions, allowing 

the system to adapt and thrive in the future. 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.  

The Galveston Bay Estuary Resilience Assessment is a stakeholder-driven project with the purpose of assessing a series 

of coastal resilience criteria against the goals, objectives, and actions in The Galveston Bay Plan, 2nd Edition (GBP). This 

report is meant to compliment the GBP and provide resiliency adaptation recommendations for implementers of the 

GBP. This report was developed in coordination with subject matter experts and members of the Galveston Bay Council 

(GBC) and its subcommittees through a series of workshops with questions and discussion topics. For guidance, see the 

U. S. Environmental Protection Agency’s (EPA) “Being Prepared for Climate Change: A Workbook for Developing Risk-

Based Adaptation Plans.” 

HARC established a work group of stakeholder experts to obtain input used in the development of a vulnerability 

assessment focused on coastal resilience. 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 Comprehensive Conservation and Management 

Plan for GBEP. The work group 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 

 
1 https://oceanservice.noaa.gov/ecosystems/resilience/ 

https://www.epa.gov/cre/being-prepared-climate-change-workbook-developing-risk-based-adaptation-plans
https://www.epa.gov/cre/being-prepared-climate-change-workbook-developing-risk-based-adaptation-plans
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Environmental Institute of Houston at the 

University of Houston Clear Lake (EIH-UHCL), 

Texas A&M University (TAMU), US 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 1. 

An initial invitational facilitated work group 

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 work group 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 Assessment, 

which involved identifying GBEP organizational 

goals susceptible to estuary stressors. The work 

group identified all the GBP priorities/goals as 

susceptible to estuary stressors (Table 2) (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 Assessment, 

providing participants an opportunity to 

identify, list, and provide feedback on the GBP 

Table 1: Galveston Bay Estuary Resilience Assessment Work Group 

Organization Expertise 

USGS Water Resources 

EIH-UHCL Water Resources/Ecology 

TPWD Habitat Restoration 

GBF Restoration 

TAMU AgriLife Ext Habitat ecology 

H-GAC Water Quality 

TPWD Estuarine ecology 

TPWD Kills and Spills 

USFWS Estuarine ecology/restoration/conservation 

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 
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priorities/goals, risk identification, and potential stressors.  

 

The work group 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 work group identified 

and defined eleven estuary stressors through this brainstorming 

session (Figure 1) that the work group 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 

 
Table 2: GBP Priorities/Goals 

 
Engage Communities 

Ensure Safe and Aquatic Human Use: 
Increase public awareness of current 

public health risks/Reduce risk through 
watershed-based plans (WBPs) 

Ensure Safe and Aquatic Human Use: 
Reduce NPS and 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 
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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. 

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 and Aquatic Human Use: Reduce NPS and 

PS (including WWTF 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 work group 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. 

The next step for the work group was to take the stressors and risks developed during the initial work group meeting 

and follow-ups, and convene for a second work group 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 

Warmer Summers Warmer Winters Warmer Water Increasing Drought

Increasing inland 
flooding (largely 
rain-based)

Increase in 
extreme events 

(coastal 
flooding/storm 

surge)

Sea Level Rise and         
Subsidence

Chronic higher 
tides/nuisance 
flooding

Ocean 
Acidification

Population 
Increase

Changes to land 
use and the built 

environment 
(infrastructure)

Figure 1 The work group identified 11 estuary stressors facing Galveston Bay now and in the future 
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and probability. For example, for the GBP priority/goal of Ensure Safe and Aquatic Human Use: Reduce NPS and PS 

(including WWTF and sanitary sewer system) Pollution, and the stressor of Warmer Summers, the work group 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 and may not be attainable. The results 

from each work group meeting were then developed into a series of consequence/probability matrices. For each GBP 

priority/goal, the probabilities and consequences for each stressor/risk are 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: red and Example B: yellow). 

Hexagons provide further explanation of how consequences and probabilities were determined in the red example. 
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Figure 2 Flow Diagram of two examples from Goal to Consequence/Probability Development 

A series of draft consequence/probability matrices for the risks identified during the second work group meeting were 

prepared and presented to the work group in a final work group meeting for the work group to review and provide input 
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on the draft consequence/probability matrices. The resulting series of consequence/probability matrices were developed 

over 18 months through three expert stakeholder work group 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 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 Assessment were generated by stakeholders in the expert 

work group 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 work group during the development of the Galveston Bay Estuary 

Resilience Assessment. 

 

Steps to 
Developing 

Estuary 
Resilience 

Assessment

Communication & 
Consultation

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

Identified work group, reaching out through GBEP 
subcommittees

Establishing the 
Context

Identifying organizational goals that are 
susceptible to estuary stressors

First work group meeting

Risk Identification 
Brainstorming about how estuary stressors will 

interact with organizational goals

First work group meeting

Risk Analysis
Developing an initial characterization of 

consequence and probability for each risk 

Second work group meeting

Risk Evaluation
Using a consequence/probability matrix to 

build consensus about each risk 

Third work group meeting

Figure 3 Outline of Steps undertaken by the work group 
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In order to develop the Galveston Bay Estuary Resilience Assessment, stakeholders in the expert work group progressed 

through the steps above for 15 GBP goals and 11 estuary stressors suggested by the work group as the most likely to 

impact Galveston Bay (Table 2 and Figure 1). The creation of the consequence/probability matrix required five 

components as outlined in Figure 3: Use of priorities/goals from each of the GBP priorities (Table 2). 

1. Identification of estuary stressors that Galveston Bay will be facing now and in the future (identified by the work 
group stakeholders) (Figure 2). 

2. Identification of the risks associated with how the stressors might impact the ability of GBEP to meet each goal. 
3. Assign a high, medium, or low consequence (or impact) of each risk on each goal. 
4. Assign a high, medium, or low probability (or likelihood) of the stressors affecting the ability of GBEP to meet 

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

probability.  

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 work group identified a stressor of Land Use Change. One of the risks the work group identified for 

the stressor of Land Use Change was Increased Impervious Surfaces. The work group 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 work 

group 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 planning 

decisions. The matrices could be used as part of risk evaluation (assessing risks to determine which ones an 

organization will move forward with in the action planning process), finding and selecting adaptation actions and, 

possibly, developing a risk-based adaptation 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 
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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.  
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Figure 4: Series of Consequence/Probability Matrices for Estuary Resilience evaluated by GBP Goal 

GBP Goal: Engage Communities 
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GBP Goal: Ensure Safe and Aquatic Human Use: Increase public awareness of current public health 
risks/Reduce risk through WBPs  
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GBP Priority/Goal: Ensure Safe and Aquatic Human Use: Reduce NPS and PS (including WWTF and 
sanitary sewer system) pollution 
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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 
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GBP Goal: Protect and Sustain Living Resources: Sustain and restore native species populations 
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Figure 5 Overall High Consequence and High Probability Risks  
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Appendix A: Galveston Bay Plan  - 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/
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GBP Figure 15. Point Source Action Plan
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GBP Figure 17. Public Health Awareness Action Plan
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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
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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 
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Appendix B: Consequence / Probability Matrix organized by Stressor and by Consequence / Probability 

for All Categories and Stressors
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Consequence / Probability Matrix by Stressor  

Consequence / Probability Matrix by GB Plan Goal. See PowerPoint document for full accessible version. HARC (Ed.) 2022. Galveston Bay 

Estuary Resilience Assessment Report, Appendix C: Accessible Version of Consequence/Probability Matrices for Estuary Resilience. Texas 

Commission on Environmental Quality, Houston, Texas.
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Consequence / Probability Matrix by All Categories and Stressors 
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