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The preparation of this report was financed through grants from the TCEQ and the U.S. Environmental Protection
Agency (EPA)

B HARC

A PROGRAM OF THE TCEQ

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 disaster'. 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, 2" 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

L https://oceanservice.noaa.gov/ecosystems/resilience/
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Table 1: Galveston Bay Estuary Resilience Assessment Work Group

Organization

EIH-UHCL
GBF
TAMU Agrilife Ext
H-GAC
TPWD
TPWD
USFWS
TAMUG
TAMU

Expertise
Water Resources
Water Resources/Ecology
Habitat Restoration
Restoration
Habitat ecology
Water Quality
Estuarine ecology

Kills and Spills

‘ Estuarine ecology/restoration/conservation

Relative sea level rise

‘ Relative sea level rise & wetlands

TAMUG Phytoplankton/Freshwater Inflows

TAMUG
GBF
Upper Coast Field - GLO

‘ Phytoplankton communities
Social/Community

‘ Coastal Biologist

TCEQ Coastal Programs Specialist

Texas GLO

Coastal Resources

Inflows
‘ SLAMM, marine spatial planning
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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



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
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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

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
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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.

Warmer Summers Warmer Winters Warmer Water Increasing Drought

Increase in
Increasing inland extreme events Chronic higher
tides/nuisance

flooding

Sea Level Rise and
Subsidence

flooding (largely (coastal
rain-based) flooding/storm
surge)

Changes to land
Ocean Population use and the built
Acidification Increase environment
(infrastructure)

Figure 1 The work group identified 11 estuary stressors facing Galveston Bay now and in the future

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
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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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Goals from the Galveston Identify e .
Bay Plan were evaluated STRESSORS RISK Identfication

Warmer summers will lead to
G g STRESSOR: warmer water, increased probability of
Reduce NPS Pollution Warmer summers fecal indic: bacteria, and increased
frequency of water quality exceedances

GOAL: STRESSOR: Increase in extreme events will lead
Protect and Sustain Living Resources ( {ncrease m/extreg]eﬁveg_ts ) to an increase in frequency and
LD BT coding intensity of high salinity events

3

RISK An . RISK Evaluation: Create Matrix of
Identify PROB PROB! BIFIT\ and CONSEQUENCE
_ for Workgroup Consensus

If we have warmer
summers, that will likely
lead to warmer waters in
3 ime. MEDIUM CONSEQUENCE + HIGH PROBABILITY
! suﬁeiglﬁioﬁr;:ﬂ PROBABLITY of the STRESSOR of warg;zz::{;ers, of the STRE?SOR of Warmer Summers

bacterial growth. What Warmer Summers leading to the | whatis the Impacting the GOAL of Reduce NPS

will the risk of increased RISK of increased frequency of probability of Pollution due to the RISK of increased
bacterial growth be on waler quality exceedances is HIGH increased frequency of water quality exceedances

GBEP meeting its GBP goal indicator bacteria

of Reducing NPS measurement?

Pollution?
MEDIUM CONSEQUENCE + MEDIUM

PROBABILITY of the STRESSOR of Increase
in Extreme Fvents impacting the GOAL of

of Increase in Extreme Events

intensity of high salinity events leading to the RISK of an increase ey
impacting the GOAL of Protect and in frequency and intensity of P:(?tt?fet ]al?Ssz;lfs;anmhlIé;:?SgeRissﬁ':zclfesn(:‘;e
Sustain Living Resources is MEDIUM high salinity events is MEDIUM v Pty (7T ek ek vt

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

Establishing the
Context

Risk Identification

Risk Analysis

Risk Evaluation

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

Identified work group, reaching out through GBEP
subcommittees

Identifying organizational goals that are
susceptible to estuary stressors

First work group meeting

Brainstorming about how estuary stressors will
interact with organizational goals

First work group meeting

Developing an initial characterization of
consequence and probability for each risk

Second work group meeting

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

1. Increasing Drought| Increase in tree loss
2.  Warmer Winters| Increase in invasive species

1. Increasing Inland Flooding| Wider spread
of waterborne pathogens

2. Ocean Acification| Loss of oyster reef
habitat
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GBP Goal: Ensure Safe and Aquatic Human Use: Increase public awareness of current public health
risks/Reduce risk through WBPs

1. Land Use Change| Increased runoff
2.  Warmer Waters| Water temperatures may
increase toxicity of pollutants
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GBP Priority/Goal: Ensure Safe and Aquatic Human Use: Reduce NPS and PS (including WWTF and
sanitary sewer system) pollution

1. Increasing Extreme Event
Flooding| WWTF will go offline
more often

2. Increasing Extreme Event
Flooding| Frequency of sanitary
sewers infiltration events will
increase

3. Increasing Inland Flooding|
Increased runoff from events
will lead to pollutant load
increase

4. Increasing Inland Flooding|
Potential for increased
overtopping and “leaking
systems” releasing greater

pollutants
1. Ocean Acidification| Lead to 1. Land Use Change| Increase in impervious
decreased pH surfaces leads to increased runoff
2. Increasing Drought| Increasing bacteria load
3. Population Increase| Increased quantity and
decreased quality of stormwater
1. Increasing Drought| Older 1. Warmer Waters| Increased bacterial growth,
“leaking systems” have less Increasing bacteria load exceedances
pollution due to decreased 2.  Warmer Winters| Eliminates freeze events
rainfall 3.  Warmer Winters| Lead to warmer water,
2.  Warmer Summers| Increased increased likelihood of fecal indicator
evapotranspiration bacteria and water quality exceedances
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GBP Goal: Inform Science - Based Decision Making

Warmer Winters | Potential for
prolonged time period of
bacterial/pathogen presence

Land Use Change| Unknowns: how
conversion of agricultural land impacts
the Bay?

Increasing Drought| Unknowns: does
drought change habitat functionality?
Relative Sea Level Rise| Salinizes
brackish area

Warmer Waters| Impact dynamics of
salinity stratification

Warmer Waters| Reduction in nutrient
loading/productivity of estuary
Population Increase| More people to
educate and promote water
conservation

Population Increase| NPS pollution
increase

Relative Sea Level Rise| Increased extent of marine water may
impact the freshwater balance of the bay

Warmer Summers| Essential food sources may die off

Warmer Summers| Unknowns: do warmer summers impact oyster
reefs

Warmer Waters | Changes in communities to more tropical
composition

Warmer Winters| Increased evapotranspiration

Warmer Waters | More users on the water for prolonged time 1. Warmer Winters| Changes in communities
(extent of the year) to more tropical composition
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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

1.  Increasing Drought| Changes to sediment
loads

2. Increasing Drought| Loss of seasonal
wetlands

3. Increasing Inland Flooding| Low light due to
increased sediment load

4.  Warmer Summers| Increased
evapotranspiration which could lead to
aquatic/subtidal species composition
change

5.  Warmer Summers| Warmer Winters|
Increase plant productivity, vertical
accretion and carbon sequestration

6.  Warmer Waters| Increased water
temperatures could cause changes in

phy C y comp

1.  Increasing Extreme Event Flooding| Changes
to nutrient supply

2. Increasing Drought| Availability of water for
restoration and enhancement

3. Warmer Waters| Defining habitat
characteristics like pH impacted by water
temp

4. Warmer Winters| Increased growing season
could cause plant stress if they require
dormant period

Increasing Extreme Event Flooding| Increase in
frequency and intensity of high salinity events
Increasing Drought| Area of suitable habitat
decreases

Increasing Inland Flooding| Loss of habitat
Increasing Inland Flooding| Increase in
frequency, intensity of decreased salinity events
Increasing Inland Flooding | Impacts for riparian
fish spawning

Population Increase| Impacts from increased
human pollution

Relative Sea Level Rise| Habitat conversion to
open water

Increasing Inland Flooding| Correlation with drop
in salinity and increase in lesions on bottlenose
dolphins

Increasing Inland Flooding| Correlation with drop
in salinity and impact on sea turtles

Land Use Change| Population Increase| Increase
supply nutrient input and turbidity
2. Nuisance Flooding| Increase marsh habitat range
further upslope
3.  Ocean Acidification| Potential impacts on shellfish
and other sedentary organisms

Increasing Inland Flooding | Changes to nutrient 1
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GBP Goal: Protect and Sustain Living Resources: Ensure adequate quantities of freshwater reach
Galveston Bay

Increasing Extreme Event Flooding| Changes
periodicity of freshwater inflows

2. Relative Sea Level Rise| Loss of wetlands
could impact quality of freshwater inflows

3. Warmer Summers| Warmer Waters | Warmer
Winters| Increased evapotranspiration will
increase salinity in upstream reaches

1. Increasing Extreme Event Flooding|
Increasing Inland Flooding| Changes
seasonality of freshwater inflows
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GBP Goal: Protect and Sustain Living Resources: Sustain and restore native species populations
1.

Warmer
Winters |
Proliferation of
mangroves in
Galveston Bay
is likely if deep
freezes occur
less often

Warmer
Winters |
Potentially
more suitable
for manatees
and less cold
stunning
events for sea
turtles

Increasing Extreme Event Flooding| Increasing Inland Flooding|
Habitat loss, conversion, and migration hold implications for
native species

Relative Sea Level Rise| Increased extent of saline waters

Warmer Summers| Heat stress to native populations

Warmer Summers| Warmer Winters| Increased salinity can impact
distribution, abundance, and productivity of native species
Warmer Summers| Life cycle stages is influenced by environmental
cues

Warmer Summers| Shifts in fisheries populations

Warmer Waters| Warmer Winters| Oyster reef loss to dermo and
oyster drilling predators

Warmer Waters| Correlation with drop in salinity and increase in
lesions on bottlenose dolphins

Warmer Winters| Could expand range of invasive species

Increasing Extreme Event Flooding| Increasing Drought| Increasing
Inland Flooding | Potential adverse effect for secretive marsh birds
like rails if drier transition habitats are not available

Increasing Drought| Increase in stranding events and inundation of
freshwater habitats

Increasing Drought| Shifting vegetation community composition
Warmer Winters| Potential to increase return intervals for
wildfires affect vegetation structure and use by threatened or
endangered species
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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, 2™
edition, https://qbep.texas.qov/qalveston-bay-plan/ )

GBP Figure 12. Nonpoint Source Action Plan

ENSURE SAFE HUMAN AND AQUATIC LIFE USE

ACTION IMPROVE WATER QUALITY THROUGH
PLAN NONPOINT SOURCE POLLUTION ABATEMENT (NPS)
PRIORITY . . . . L
ISSUE NPS pollution causes impairments in the region’s waters.
GOAL Reduce NPS pollution.
OBJECTIVES . Develop and Develop and W(I)-Iri;:;)ssto
|mplemt?nt local support NPS T ——— enhance technical
WABPs with local education and BMP proiects i di
partners and outreach proj ' e EEIR
stakeholders. campaigns. a:(:ee;?;::l;:e
ACTIONS
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GBP Figure 15. Point Source Action Plan

ENSURE SAFE HUMAN AND AQUATIC LIFE USE

ACTION IMPROVE WATER QUALITY THROUGH
Hlasl POINT SOURCE POLLUTION ABATEMENT (PS)
PRIORITY Regulated wastewater and municipal separate storm sewer systems (MS4) can
ISSUE contribute to the region's impaired waters.

GOALS Decrease stormwater PS pollution Decrease WWTFs and sanitary
through outreach programs. sewer system PS pollution.

OBIJECTIVES Maintain the capacity and

integrity of sanitary sewer
systems across the region
to encourage compliance.

Improve WWTF
compliance across the
region.

Implement education
campaigns with Phase | and
Phase || MS4s.

ACTIONS
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GBP Figure 17. Public Health Awareness Action Plan

ENSURE SAFE HUMAN AND AQUATIC LIFE USE

ACTION
PLAN

PRIORITY
ISSUE

GOALS

OBIJECTIVES

ACTIONS

PROMOTE PUBLIC HEALTH AND AWARENESS (PHA)

Waterborne pathogens and toxins found in fish tissue pose a

Increase public awareness of current

public health risks.

Promote public
health through
improved
seafood
advisory
awareness.

Promote public
health through
improved
regional contact
recreation risk
awareness.

human health risk due to fish and shellfish consumption.

Reduce public health risk through
implementation of WBPs.

Improve
regional contact
recreation
safety by
implementing
WBPs.

Improve the
safety of human
shellfish
consumption
from Bay waters
Y
implementing
WBPs.
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Improve the
safety of human
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GBP Figure 21. Habitat Conservation Action Plan

PROTECT AND SUSTAIN LIVING RESOURCES

A:LTJ':;N SUPPORT HABITAT CONSERVATION (HC)

Vital Galveston Bay
habitats continue to be lost
or reduced in value by a

] (B e By range of human activities,

habitats continue to be lost

threatening the bay's

: fut ductivity. S Enhance existing habitats
PRIORITY or reduced in value by a el [l sUH T 2l ; = -
ISSUES o bay shorelines are subject to increase overall function
range of human activities, . - o
. . to high rates of erosion and and productivity.
threatening the bay's o
A e loss of stabilizing
' vegetation due to past
subsidence, rise in sea
level, and current human
impacts.
GOAL Conserve, restore, and enhance vital habitats in the
lower portion of the Galveston Bay watershed.
Acquire land or
development rights to Restore habitat form and Enhance existing habitats to
OBIECTIVES preserve habitats vital to the function where they have increase overall function and
health of the Galveston Bay been lost or degraded. productivity.
watershed.
ACTIONS
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GBP Figure 23. Species Conservation Action Plan

PROTECT AND SUSTAIN LIVING RESOURCES

e SUPPORT SPECIES CONSERVATION (SC)

Certain species of marine organisms and birds
PRIORITY that utilize coastal habitat are showing a declining
ISSUES population trend.

Invasive species threaten native species, habitats,
and ecological relationships.

GOAL Sustain and restore native species populations.

ORJECTIVES Support pr_ojects t|:1at sustain .z-md Support projects that reduce invasive
restore native species populations. species.

ACTIONS

Page 25 of 51



GBP Figure 25. Freshwater Inflows Action Plan

PROTECT AND SUSTAIN LIVING RESOURCES

ACTION
PLAN

PRIORITY

ISSUE

GOAL

OBIJECTIVES

ACTIONS

SUSTAIN FRESHWATER INFLOWS (FWI)

Without adequate quantities of freshwater, optimal productivity and ecosystem
services in Galveston Bay cannot be maintained.

Ensure adequate gquantities of freshwater reach Galveston Bay.

Encourage public and
GBEP stakeholder
participation in regional
water planning groups
and the development of
priority policies that
ensure adequate
quantities of freshwater
reach Galveston Bay.

Support further research
to understand the annual
and seasonal freshwater
inflow needs for
Galveston Bay, as well as
information needed to
develop management
strategies.
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Develop or support
outreach initiatives that
promote water
conservation and educate
the public on the value
and importance of
freshwater inflows.
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GBP Figure 27. Stakeholder and Partner Outreach Action Plan

ENGAGE COMMUNITIES

e PRESERVE GALVESTON BAY THROUGH STAKEHOLDER AND

PLAN PARTNER OUTREACH (SPO)
individuals d t feel involved in th Local governments do not feel
PRIORITY (NG s. S NOEIEEHING v.e 1 EAE connected to the health and / or
ISSUE protection and preservation of

protection and preservation of

Galveston Bay. Galveston Bay

Support Stakeholder and Partner Involvement in
GBEP Program Policy, Management, and
Implementation.

GOALS Increase a Sense of Responsibility in the Health of
Galveston Bay.

Ensure local
governments are
knowledgeable
about key estuary

OBJECTIVES Develop new and
support existing

Support and
promote workshops
and events that

Continue to expand
stewardship and support the Back

LI el facilitate stakeholder i 00

. issues, common
volunteer and other regional .
" and partner L interests, and new
opportunities for initiatives.

involvement. information as it
stakeholders. .
becomes available.

ACTIONS
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GBP Figure 29. Public Education and Awareness Action Plan

TCEQ Contract Number 582-19-90217

Galveston Bay Estuary Resilience Assessment - Final

ENGAGE COMMUNITIES

ACTION
PLAN

PRIORITY
ISSUE

GOAL

OBIJECTIVES

ACTIONS

PUBLIC EDUCATION AND AWARENESS (PEA)

An absence of continued, enhanced, and
estuary-focused education limits long-term,
lasting success in environmental stewardship.

An absence of continued, enhanced and
estuary-focused K-12 education limits long-
term, lasting success in environmental
stewardship.

Ensure the public receives the knowledge necessary to preserve Galveston Bay.

Develop new and support
existing programs in
Galveston Bay to engage
the public in a dialogue
about key issues.

Develop new and support
existing programs in
Galveston Bay that change
behaviors and attitudes in
Galveston Bay with a
focus on adult education.
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Develop new and support
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12th Grade (K-12)
Galveston Bay estuary-
related curricular
materials for regional use.
Seek opportunities to
provide educator training.




TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Assessment - Final

GBP Figure 31. Applied Research and Monitoring Action Plan

INFORM SCIENCE-BASED DECISION MAKING

ACTION

AT APPLIED RESEARCH AND MONITORING (RES)

A lack of available applied research and monitoring data can prevent understanding
of Galveston Bay ecosystem components, addressing limits to human uses, and
implementing estuary preservation initiatives.

Increase understanding

Increase understanding Better assist
GOSN of the Galveston Bay of the factors that limit sustainability initiatives
ecosystem. safe human use. in Galveston Bay.
Develop new
OBJECTIVES & Develop new and support Evaluate the
ASSOCIATED and support existing efforts effectiveness
ACTIONS existing efforts

to conduct
monitoring
and research
to address
limits to
contact
recreation.

of BMPs to
address NPS
and PS
pollutants and
improve water
quality.

to conduct
biological
stressor
monitoring
and research.

Develop new
and support
existing efforts
to conduct

Develop new
and support
existing efforts ecosystem

to conduct

Conduct
research on

monitoring
and research
to address
limits to
seafood
consumption.

services and
determine an
economic
valuation of
bay resources.

geochemical
stressor
monitoring
and research.

Develop new
and support
existing efforts
to conduct
physical
stressor
monitoring
and research.

Complete
coastal
resiliency and
acclimation
studies to
characterize
the risks to
coastal

habitats.
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GBP Figure 33. Increase Access Action Plan

INFORM SCIENCE-BASED DECISION MAKING

ACTION INCREASE ACCESS TO GALVESTON BAY
PLAN ECOSYSTEM INFORMATION (ACS)

A lack of information and
data gaps can impair the
ability of resource
managers, decision
makers, and the public to
assess bay health and
make appropriate
decisions.

It is necessary to establish
Galveston Bay monitoring a monitoring program that
and research data is not quantifies the success of its
always easy to access. programmatic and
environmental aspects.

Increase understanding of and opportunities to

GOAL o . .
access monitoring and research information.
Support tracking the
status and trends of Expand the dissemination Establish and maintain a
OBJECTIVES environmental and of easy-to-access Galveston Bay Plan
stressor indicators of Galveston Bay monitoring implementation tracking
Galveston Bay ecosystem and research. system and share results.
health.
ACTIONS
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Appendix B: Consequence / Probability Matrix organized by Stressor and by Consequence / Probability
for All Categories and Stressors

These are the IDs for the GBEP Plan Goals and Stressor used in the CP Matrices Stressor

Stressor ID
Changes to land use and
the built environment LU

GBP Priorit GBP Goal ID (infrastructure)

Engage Communities ECG Chronic higher NE
tides/nuisance flooding

Ensure Safe and Aquatic Human Use: Increase public awareness of SAGWBP .

current public health risks/Reduce risk through WBPs Rerease exireme EE
events (coastal
flooding/storm surge)

Ensure Safe and Aquatic Human Use: Reduce NPS and PS SAGWNPS

- : - - Increasing Drought =

(including WWTF and sanitary sewer system) pollution g g

. o ; ISG Increasing Inland

Inform Science -Based Decision Making Flooding (largely rain- IF

Protect and Sustain Living Resources: Conserve, restore, and based) |

enhance vital habitats in the lower portion of the Galveston Bay PSGCRE o OA
Ocean Acidification

watershed.
Population Increase PI

Protect and Sustain Living Resources: Ensure adequate quantities PSGFI Seg sze' Rise + st
supsiaence

of freshwater rea?h (?a.lveston Bay | | P — Cws

Protect and Sustain Living Resources: Sustain and restore native PSGNS Warmer Waters WH

species populations Warmer Winters WW
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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.

Stressor: Warmer Summers

1. PSGCRE| Increased
evapotranspiration which could
lead to aquatic/subtidal species
composition change

2. PSGCRE| Warmer summers will
increase plant productivity,
vertical accretion, and carbon
sequestration. This should
accelerate as mangroves become
more predominant.

1. ISG| Essential food sources may die off

2. ISG| How warmer summers impact oyster reefs

3.  PSGFI| Increased evapotranspiration will increase salinity in
upstream reaches

4.  PSGNS| Heat stress to native populations and metabolic
costs/mortality; changes to food webs

5. PSGNS| Increased salinity (from increased evaporation and
decreased freshwater inflow) can impact the distribution,
abundance, and productivity of native species

6. PSGNS| Life cycle stages (e.g., spawning) is influenced by
environmental cues (temperature)

7. PSGNS| Shifts in fisheries populations, likely continued
decreases in flounder but potential increases in range for
snook and pompano

1. SAGWNPS| Increased
evapotranspiration —
compromised integrity of water
bodies
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Stressor: Warmer Winters

1. ISG| Potential for prolonged time period of
bacterial/pathogen presence

2. PSGCRE| Increase plant productivity, vertical
accretion, and carbon sequestration. This should
accelerate as mangroves become more
prominent

3. PSGNS| Proliferation of mangroves in Galveston
Bay is likely if deep freezes occur less often

1. PSGNS| Potentially more suitable for manatees 1. ECG| Increase in invasive species
and less cold stunning events for sea turtles 2. ISG| Increased evapotranspiration - less freshwater inflow, less water
availability

3.  PSGFI| Increased evapotranspiration will increase salinity in
upstream reaches

4.  PSGNS| Warmer winters could expand range of invasive species;
more temperate native species will move north

5. PSGNS| Increased salinity (from increased evaporation and
decreased freshwater inflow) can impact the distribution,
abundance, and productivity of native species

6. PSGNS| Oysterreefloss to dermo and drilling predators

1. PSGCRE| Increased growing season could cause 1. SAGWNPS| Eliminates freeze events that would normally prohibit 1. ISG| Changes in
plant stress if they require a dormant period. long-term establishment of invasive species. communities to more
2. SAGWNPS| Warmer winters will lead to warmer water, increased tropical composition

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

3. PSGNS| Potential to increase return intervals for wildfires affecting
vegetation structure and use by threatened or endangered species
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Stressor: Warmer Waters

1. PSGCRE| Increased water
temperatures could cause
changes in phytoplankton
community composition

1. ISG| Warmer water may affect 1. ISG| Changes in communities to more tropical composition
the dynamics of salinity 2.  PSGFI| Increased evapotranspiration will increase salinity in
stratification (and possibly upstream reaches
circulation?) within the estuary 3. PSGNS| Oyster reef loss to dermo and oyster drilling predators
(warmer water expands) 4.  PSGNS| Correlation with drop in salinity and increase in

2. ISG| Reduction in nutrient lesions on bottlenose dolphins
loading and productivity of
estuary

1. PSGCRE| Defining habitat 1. SAGWBP| Warmer temperatures may increase toxicity of
characteristics like pH may be pollutants due to increased metabolism rates

affected by water temperature 2. SAGWNPS| Increased bacterial growth, increasing bacteria
load exceedances.
3. ISG| More users on the water for prolonged time (extent of
the year) increasing exposure to contaminants/potential minor
spills through accidents of small boats
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Stressor: Increasing Drought

1. PSGCRE| changes to sediment
loads

2. PSGCRE]| loss of seasonal
wetlands

ECG| Increase in tree loss

SAGWNPS| Increasing bacteria load (less dilution)

3. PSGCRE| Area of suitable habitat decreases and limited to upper
portion of estuaries.

1. ISG| Unknowns: does drought
change habitat functionality?

NN

1. SAGWNPS| Older systems 1. PSGNS| Increase in stranding events (e.g. marine mammals) and
might have less pollution inundation of freshwater habitats.
during a drought than aheavy 2. PSGNS| Adverse effect for secretive marsh birds like rails in salt
rain event marshes if transition habitats not available.

2. PSGCRE]| less water for 3.  PSGNS| Shifting vegetation community composition

restoration and enhancement
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Stressor: Changes to Land Use and The Built Environment (Infrastructure)

1.  ISG| Unknowns: how SAGWNPS| Increase in impervious surfaces leads to
does conversion of increased runoff and alters pollutant pathways and
agricultural land impact residence time
Galveston Bay?

SAGWBP | Increased runoff 1.  PSGCRE]| Increased nutrient input and turbidity --> decrease in
SAGWNPS| Loss of agriculture lands could change seagrass and oysters
types and seasonality of NPS pollution

IS
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Stressor: Increasing Inland Flooding (largely rain-based)

ISG| Unknowns: Impacts on estuarine wetland

2. ISG| Unknowns: how are superfund sites impacted by
increased flooding?

3. PSGCRE]| loss of habitat

4.  PSGCRE] increase in frequency and intensity of decreased
salinity events

5. PSGCRE| impacts for riparian fish spawning

6. PSGFI| Changes periodicity of freshwater inflows

7. PSGNS| Habitat loss, conversion, and migration hold
implications for native species

1. SAGWNPS| Increased runoff: short-term 1. PSGCRE| changes to nutrient supply 1. ECG| Wider spread of waterborne pathogens
pollutant load increase 2. PSGFI| Changes seasonality of freshwater inflows

2. SAGWNPS| Potential for increased 3. PSGNS| Potential adverse effect for secretive marsh birds
overtopping and "leaking systems" like rails in salt marshes if transition habitats are not
releasing more pollutants available

3. PSGCRE| low light due to increased
sediment load
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Stressor: Increase in extreme events (coastal flooding/storm surge)

1. SAGWNPS| WWTF will go offline
more often during intense events

2. SAGWNPS| Frequency of sanitary
sewers infiltration events will
increase (increased inundation of
septic systems)

1. PSGCRE| changes to nutrient
supply

PSGCRE| increase in frequency and
intensity of high salinity events
PSGNS| Habitat loss, conversion, and
migration hold implications for native
species

PSGFI| Changes seasonality of freshwater
inflows

PSGNS| Potential adverse effect for
secretive marsh birds like rails in salt
marshes if transition habitats are not
available
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Stressor: Sea Level Rise + Subsidence

1. ISG| Salinizes
brackish areas -->
increases the
demand for
freshwater to
maintain salinity
regimes

ISG| Increased extent of marine water may
impact the freshwater balance of the bay
PSGCRE| habitat conversion to open water
PSGFI| Loss of wetlands could impact quality of
freshwater inflows

PSGNS| Increased extent of saline waters
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Stressor: Chronic higher tides/nuisance flooding

ISG | Reduction of positive impacts of freshwater inflow due to
increased intrusion of saltwater.

1. ISG|Increased influx of marine water on a more frequent basis 1.  PSGCRE|Increase marsh habitat range
may impact the freshwater balance further upslope
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Stressor: Acidification

1. SAGWNPS| Ocean Acidification will lead to
decreased pH which could impact
mobilization of pollutants (e.g. metals)

TCEQ Contract Number 582-19-90217

Galveston Bay Estuary Resilience Assessment - Final

ISG| Healthy freshwater flows needed to
maintain pH balance in bays

ISG | Estuary acidification increases when
riverine alkalinity export is reduced. Then
reduced alkalinity export from the bays can
decrease the buffer capacity of adjacent coastal
ocean against future acidification.

ISG| Unknowns: does acidification in Galveston
Bay impact oyster reefs?
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Stressor: Population Increase

1. ECG| More people to educate and promote 1. SAGWNPS]| Increased quantity and decreased
water conservation. quality of stormwater from developed land VS
undeveloped prairie or bottomland forest
2. PSGCRE| Impacts from possible increased
human-caused pollution*

1.  PSGCRE]| Increased nutrient input and turbidity -->
decrease in seagrass and oysters
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Consequence / Probability Matrix by All Categories and Stressors

All Risks Grouped: High Consequence, High Likelihood
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All Risks Grouped: High Consequence, Medium Likelihood
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All Risks Grouped: High Consequence, Low Likelihood

1.
2.
3.

EC|ECG|IF|Wider spread of waterborne pathogens

EC| ECG|OA|Loss of oyster reef habitat

IS|1SG | WW | Changes in communities to more tropical
composition

PS|PSGCRE| LU|PI| Increased nutrient input and turbidity -->
decrease in seagrass and oysters

PS|PSGCRE | NF |increase marsh habitat range further upslope
PS|PSGCRE | OA | Potential impacts on shellfish and other
sedentary organisms that require calcium for exoskeleton
PS|PSGCRE| PI|Increased nutrient input and turbidity -->
decrease in seagrass and oysters
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All Risks Grouped: Medium Consequence, High Likelihood
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All Risks Grouped: Medium Consequence, Medium Likelihood

1.

10.
11.
12.
13.
14.

15.

EC|ECG|ID|Increase in tree loss

EC|ECG|WW Increase in invasive species

SA|SAGWNPS|LU | Increase in impervious surfaces leads to increased
runoff and alters pollutant pathways and residence time

SA|SAGWNPS|ID | Increasing bacteria load (less dilution)
SA|SAGWNPS|PI|Increased quantity and decreased quality of stormwater
from developed land VS undeveloped prairie or bottomland forest
IS|ISG|NF | Reduction of positive impacts of freshwater inflow due to
increased intrusion of saltwater.

IS|ISG |IF|Unknowns: Impacts on estuarine wetland habitat
IS|ISG|IF|Unknowns: how are superfund sites impacted by increased
flooding?

IS|ISG|SL|Increased extent of marine water may impact the freshwater
balance of the bay

IS|ISG | WS | Essential food sources may die off — food web impacts
IS|ISG | WS |Unknowns: do warmer summers impact oyster reefs?

IS|ISG | WH | Changes in communities to more tropical composition
PS|PSGCRE|EE|Increase in frequency and intensity of high salinity events
PS|PSGCRE|ID|Area of suitable habitat decreases and limited to upper
portion of estuaries

PS|PSGCRE|IF|Loss of habitat

16.
17.
18.
19.
20.
21.
22.

23.
24.

26.
27.

28.

29.

30.

31.

32.

33.
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PS|PSGCRE |IF|Increase in frequency and intensity of decreased salinity
events

PS|PSGCRE |IF|Impacts for riparian fish spawning

PS|PSGCRE|IF|Impacts for salinity and bottlenose dolphins
PS|PSGCRE|IF|Impacts for salinity and sea turtles
PS|PSGCRE|PI|Impacts from possible increased human-caused pollution
PS|PSGCRE|SL|habitat conversionto open water

PS|PSGFI|IF|Changes periodicity of freshwater inflows

PS|PSGFI|SL|Loss of wetlands could impact quality of freshwater inflows
PS|PSGFI|WS|WH|WW |Increased evapotranspiration will increase
salinity in upstream reaches

PS|PSGNS|EE|IF |Habitat loss, conversion, and migration hold
implications for native species

PS|PSGNS|SL|Increased extent of saline waters

PS|PSGNS|WS|Heat stress to native populations and metabolic
costs/mortality; changes to food webs

PS|PSGNS|WS|WW |Increased salinity (from increased evaporation and
decreased freshwaterinflow) can impact the distribution, abundance,
and productivity of native species

PS|PSGNS|WS| Life cycle stages (e.g., spawning) is influenced by
environmental cues such as temperature

PS|PSGNS|WS|Shifts in fisheries populations, likely continued decreases
in flounder but potential increases in range for snook and pompano
PS|PSGNS|WH|WW |Oyster reef loss to dermo and oyster drilling
predators

PS|PSGNS|WH| Correlation with drop in salinity and increase in lesions
on hottlenose dolphins

PS|PSGNS|WW |Warmer winters could expand range of invasive species;
more temperate native species will move north
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All Risks Grouped: Medium Consequence, Low Likelihood

SRR

0o

10.
11.

12.
13.
14.
15.
16.
17.

SA|SAGWBP | LU | Increased runoff

SA|SAGWBP | WH |Warmer temperatures may increase toxicity of pollutants due to increased metabolism rates

SA|SAGWNPS| LU | Loss of agriculture lands could change types and seasonality of NPS pollution

SA|SAGWNPS|WH | Increased bacterial growth, increasing bacteria load exceedances

SA|SAGWNPS|WW | Eliminates freeze events that would normally prohibit long-term establishment of invasive species

SA|SAGWNPS | WW |Warmer winters will lead to warmer water, increased likelihood of fecal indicator bacteria, and increased frequency of water
quality exceedances

IS|ISG | NF|Increased influx of marine water on a more frequent basis may impact the freshwater balance

IS|ISG | OA |Healthy freshwater flows needed to maintain pH balance in bays

IS|ISG | OA | Estuary acidification increases when riverine alkalinity export is reduced. Then reduced alkalinity export from the bays can decrease the
buffer capacity of adjacent coastal ocean against future acidification

IS|ISG | OA |Unknowns: does acidification in Galveston Bay impact oyster reefs?

IS|ISG|WH |More users on the water for prolonged time (extent of the year) increasing exposure to contaminants/potential minor spills through
accidents of small boats

PS|PSGCRE|IF|Changes to nutrient supply

PS|PSGFI|EE|IF Changes seasonality of freshwaterinflows

PS|PSGNS|EE|IF|ID | Potential adverse effect for secretive marsh birds like rails in salt marshes if transition habitats are not available
PS|PSGNS|ID|Increase in stranding events (e.g. marine mammals) and inundation of freshwater habitats

PS|PSGNS|ID|Shifting vegetation community composition

PS|PSGNS|WW |Potential to increase return intervals for wildfires affecting vegetation structure and use by threatened or endangered species
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All Risks Grouped: Low Consequence, High Likelihood

SA|SAGWNPS|EE| WWTF offline more often during intense events

SA|SAGWNPS | EE | Frequency of sanitary sewers infiltration events will increase

SA|SAGWNPS|IF|Increased runoff from events will lead to short-term pollutant load increase
SA|SAGWNPS|IF| Potential for increased overtopping and "leaking systems*

EC|ECG|Pl|More people to educate and promote water conservation.

IS|ISG| WW | Potential for prolonged time period of bacterial/pathogen presence

PS|PSGCRE|ID|Changes to sediment loads

PS|PSGCRE |ID|Loss of seasonal wetlands

PS|PSGCRE |IF|Low light due to increased sediment load

PS|PSGCRE|WS]|Increased evapotranspiration which could lead to aquatic/subtidal species composition change
PS|PSGCRE |WS|WW |Increased plant productivity, vertical accretion, and carbon sequestration.

PS|PSGCRE |WH |Increased water temperatures could cause changes in phytoplankton community composition
PS|PSGNS|WW |Proliferation of mangroves in Galveston Bay is likely if deep freezes occur less often
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All Risks Grouped: Low Consequence, Medium Likelihood

1. SA|SAGWNPS|OA|Ocean Acidification will lead to decreased pH which could impact mobilization of
pollutants (e.g. metals)

2. IS|ISG|LU|Unknowns: how does conversion of agricultural land impact Galveston Bay?

3. IS|ISG|ID|Unknowns: does drought change habitat functionality?

4. 1S|ISG|SL|Salinizes brackish areas --> increases the demand for freshwater to maintain salinity regimes

5. IS|ISG|WH|Warmer water may affect the dynamics of salinity stratification (and possibly circulation?)
within the estuary (warmer water expands)

6. IS|ISG|WH|Reduction in nutrient loading and productivity of estuary

7. PS|PSGNS|WW |Potentially more suitable for manatees and less cold stunning events for sea turtles

Page 50 of 51



TCEQ Contract Number 582-19-90217
Galveston Bay Estuary Resilience Assessment - Final

All Risks Grouped: Low Consequence, Low Likelihood

1. SA|SAGWNPS|ID|Older leaking systems have less pollution w/decreased rainfall
SA|SAGWNPS|WS|Increased evapotranspiration — compromised integrity of water bodies
IS|ISG|PI|NPS pollution increase

PS|PSGCRE |EE | Changes to nutrient supply

PS|PSGCRE |ID | Availability of water for restoration and enhancement

PS|PSGCRE | WH | Defining habitat characteristics like pH may be affected by water temperature
PS|PSGCRE |WW |Increased growing season could cause plant stress if they require a dormant period
SA|SAGWNPS|OA|Ocean Acidification will lead to decreased pH which could impact mobilization of
pollutants (e.g. metals)

IS]ISG | LU |Unknowns: how does conversion of agricultural land impact Galveston Bay?

9. IS|ISG|ID|Drought changes habitat functionality

10. IS|ISG|SL|Salinizes brackish areas --> increases the demand for freshwaterto maintain salinity regimes
11. IS|ISG|WH|Warmer water may affect the dynamics of salinity stratification

12. IS|ISG|WH|Reduction in nutrient loading and productivity of estuary

13. PS|PSGNS|WW |Potentially more suitable for manatees and less cold stunning events for sea turtles
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