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EXECUTIVE SUMMARY
The Indian River Lagoon (IRL) Climate Ready Estuary 
report follows the U.S. Environmental Protection Agency 

(USEPA) document Being Prepared for Climate Change: A 
Workbook for Developing Risk-Based Adaptation Plans 
(2014). Recommendations in this report focus heavily 
on the actions that can be taken today and over the 

next decade to protect IRL water quality and its natural 
functions. The IRL is an estuary system impacted by 
multiple stressors at different spatial and temporal scales. 

Action recommendations in this report have been aligned 

with the 32 Vital Signs of a healthy IRL, the foundation 
of the IRL Comprehensive Conservation and Management 
Plan (CCMP) – Looking Ahead to 2030.

When five primary climate change stressors (temperature, 
precipitation, storminess, pH, and sea level rise) are 
evaluated across the 13 IRL Vital Signs associated with the 
One Lagoon portion of the Vital Sign wheel, 472 individual 
risks were identified. At some level, all the 32 Vital Signs 
and related action plan recommendations are expected to 
be impacted by these five stressors and their associated risks. 
To focus on actions that can occur within the 10-year CCMP 
framework, two stressors (temperature and pH) were placed 
into a second tier of risk considerations. Temperature exerts 
a profound influence on IRL biology and ecology. However, 
IRL National Estuary Program (NEP) actions to mitigate 
the impacts of global changes to temperature regimes are 

limited. Climate change impacts to pH conditions are most 
often associated with ocean acidification. While ocean 
acidification refers to the global change in ocean chemistry 
from atmospheric inputs of carbon dioxide, coastal 
acidification is driven by changes in water chemistry from 
freshwater river inputs, excess nutrient runoff (e.g., nitrogen 
and organic carbon) from land, lifecycle impacts from 
algal blooms, and hydrogen sulfide production from muck 
sediments. The ability of the IRL to cope with acidification 
is influenced primarily by local stressors. By reducing or 
removing local stresses, estuaries may be more resilient to 
global ocean acidification.

Results of the risk-based vulnerability assessment 
indicate future risks to water quality from climate change 
can be mitigated most effectively by decreasing nutrient 

and pollutant loads at the source (i.e. wastewater 

treatment plants, onsite sewage treatment and disposal 
systems (septic systems), and surface water storage and 
conveyance infrastructure). Nine adaption actions are 
recommended. If successfully implemented, it is estimated 
that these could reduce risks caused by climate change 

by 50%. The mitigating benefits of these actions are 
expected to cascade into other IRL elements, such as living 
resources and habitats. The results and recommendations 

of this investigation are novel because they are based 

upon site-specific data and anticipated risks prioritized 
using a repeatable and defensible methodology. The 

development of this report was informed by extensive 
involvement of IRLNEP Management Conference members 
and stakeholders with a focus on providing guidance to 

resource practitioners and IRL communities.

Climate change and sea level rise present serious threats 
to Florida’s estuaries, coastal communities, and economy. 
Reducing those threats provides opportunities to rebuild 
old and inadequate infrastructure, build new infrastructure 
to support sustainable 21st century economic growth, and 
protect vulnerable coastal communities. Enhancing coastal 

resilience in the IRL watershed will require science-based 
planning, innovative thinking, challenging policy decisions, 
and a long-term stewardship commitment. Success will 
require a substantial increase in funding dedicated to 
wastewater and stormwater infrastructure improvements 

throughout the watershed. These investments will provide 

IRL ecological benefits and confer resilience to IRL human 
communities vulnerable to storms, flooding, and sea level 
rise. Strengthened collaboration between local, state, and 
federal programs is necessary to enhance the probability 

of success. The goal is to reduce future climate-related 
water quality impairments and facilitate the emergence 
of a more resilient, climate-ready estuary.
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INTRODUCTION

The National Estuary Program
The National Estuary Program (NEP) is a non-regulatory 
program established by the U.S. Congress and administered 
by the U.S. Environmental Protection Agency (USEPA). The 

NEP was authorized by Section 320 of the Clean Water 
Act in 1987. Each estuary in the NEP was designated by 
the U.S. Congress as an “Estuary of National Significance.” 
Today, 28 estuaries located along the Atlantic, Gulf, and 
Pacific coasts and in Puerto Rico have been designated as 
estuaries of national significance (Figure 1).

NEPs reside in a variety of institutional settings, including 
state and local agencies, universities, and individual 
nonprofits. In overseeing and managing the national 
program, USEPA provides annual funding, national 
guidance, and technical assistance to the local NEPs. A 
hallmark characteristic of the NEP is the authority to 
convene a “Management Conference” of scientists, resource 
managers, community leaders, citizens, and other estuary 
stakeholders. This unique network governance structure 
gives local partners a voice in the decision-making process. 
NEPs involve and coordinate among stakeholders at all 
levels—federal, state, county, city, and citizen—to ensure 
that local issues are managed by bringing all stakeholders 

to the table to work out solutions that are consensus-driven 
and based on the best available scientific knowledge. 
The 28 NEPs develop and implement Comprehensive 
Conservation and Management Plans (CCMPs), which are 
long-term plans that contain actions to address challenges 
and priorities related to water quality and living resources. 

Work is focused within a study area that includes the 
estuary and its watershed. NEP challenges and priorities 
are defined by local, city, state, federal, private, and non-
profit stakeholders. The NEP is a collaborative, effective, 
efficient, and adaptable coastal ecosystem-based network. 
With more than 30 years of experience implementing key 
provisions of the Clean Water Act, the NEP is the nation’s 
principal watershed program—one that offers a viable, 
effective method for protecting and managing all types of 

estuaries and their watersheds.

The Indian River Lagoon (IRL) (Figure 2) was designated 
an “Estuary of National Significance” by Congress in 1990, 
providing the catalyst for the creation of the IRLNEP. The 
first CCMP was adopted in 1996 and revised in 2008. From 
1991 to 2015, the St. Johns River Water Management 
District served as the host agency for the IRLNEP. Today, 
the IRLNEP is hosted by the IRL Council, an independent 
special district of the state of Florida pursuant to an 
Interlocal Agreement (2015) signed by Volusia County, 
Brevard County, Indian River County, St. Lucie County, 
Martin County, St. Johns River Water Management 
District, South Florida Water Management District, and 
Florida Department of Environmental Protection. In 
2019, the USEPA certified and the IRL Council adopted 
a revised CCMP. The IRL CCMP – Looking Ahead to 2030 
was adopted with unanimous support of the IRLNEP 
Management Conference. A revised IRLNEP planning 
boundary is included in the new CCMP that extends north 
25 miles (40 kilometers) into the Halifax River.

FIGURE 1. National Estuary Program locations



INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

2 | TECHNICAL REPORT 

The Indian River Lagoon
An estuary is a coastal waterbody where freshwater 

tributaries (rivers and streams) meet the waters of the 

sea. It is this subtle, but important mixing of fresh and salt 
waters that make estuaries the most productive and fragile 

coastal ecosystems in the world. A lagoon is a special 

type of estuary that is oriented parallel to the coast and 

characterized by shallow coastal waters with restricted, 
but free, exchange with the adjacent open ocean. The IRL 
is a microtidal system that has limited exchange with the 
ocean through five inlets (Ponce de Leon, Sebastian, Fort 
Pierce, St. Lucie, and Jupiter). Port Canaveral connects the 
ocean to the lagoon through an engineered lock system 

that is used specifically for access by maritime vessels.

The small tidal range on the east coast of Florida limits 
exchange between the ocean and the IRL system. In fact, 
most of the water circulation in the IRL is wind-driven. 
Because of the long residence time in portions of the IRL 
system and restrictions from land-based development (i.e., 
causeways, wetland alterations, and past construction 
practice) in some compartments, the IRL is vulnerable to 

nutrient and pollutant loadings from the watershed. Inputs 
from the watershed have increased during the past few 

decades, causing a decline in water quality and changes 
to the ecological and biological integrity of the ecosystem.

The IRL system is composed of three distinct and 
connected estuaries: Indian River, Banana River, and 
Mosquito Lagoons. The IRL system extends 156 miles 
from Ponce de Leon Inlet to Jupiter Inlet. It spans three 
climate zones, from temperate to subtropical to tropical. 
It encompasses almost 40% of the east coast of Florida 
and connects five counties (plus portions of two additional 
counties, Palm Beach and Okeechobee), 38 incorporated 
cities, and approximately 1.6 million residents. The lagoon 
watershed covers 2,284 square miles and the lagoon’s 
waters span 353 square miles.

At the request of the Volusia County Council (Resolution 
2015-133) and with support from the IRL Council 
(Resolution 2015-04), the IRLNEP considered an IRL-
Halifax River boundary amendment, which was accepted 
on November 18, 2016. The addition extended the IRLNEP 
planning boundary by approximately 25 miles northward 
into the Halifax River and incorporated an additional 
198,678 acres of watershed, including six of Volusia 
County’s 16 drainage basins (Figure 2). The amended 

boundary acknowledged the benefits of considering 
connected waters and watersheds in a broad, holistic, 
and regional approach to ecosystem-based management. 
The amended boundary provides unique opportunities 
to monitor and track long-term ecological changes driven 
by climate change along north-south latitudinal gradients 
that span the sub-tropical Caribbean Province and the 
temperate Carolinian Province.

Climate Ready Estuaries
The Earth’s climate is changing. Temperatures are rising, 
snow and rainfall patterns are shifting, and more extreme 
climate events—like heavy rainstorms and record-high 
temperatures—are already taking place. Scientists are 

highly confident that many of these observed changes 
are linked to the rising levels of carbon dioxide and other 
greenhouse gases in our atmosphere as a consequence 
of human activities. In 2008, the Climate Ready Estuaries 
program was established as a partnership between the 

USEPA and the NEPs to address climate change in coastal 
areas. This effort is building additional capacity in coastal 

communities as they prepare to adapt to the effects of 

climate change. The Climate Ready Estuaries mission is to 
support NEPs and their coastal communities in becoming 
“climate ready” by providing tools and assistance to:

•	 Assess climate change vulnerabilities

•	 Engage and educate stakeholders

•	 Develop and implement adaptation strategies

•	 Share lessons learned with other coastal managers

FIGURE 2. Indian River Lagoon watershed
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By 2011, only a few NEPs had undertaken efforts to 
become climate ready. Therefore, in 2014, USEPA 
published a “Workbook” (USEPA 2014) to assist 
organizations that manage NEPs to prepare a broad, risk-
based climate ready adaptation plan. The Workbook used 
the risk management process in an international standard 

(International Organization for Standardization (ISO) 
31000—Risk Management) and tailored it to respond to 
the practices and norms of the climate change community. 

Specifically, the ISO methodology, which is conceived as a 
start-to-finish application of a risk management process, 
was modified to accommodate a two-part process 
consisting of (1) a standalone vulnerability assessment, 
followed (either immediately or after a period of time) by 

(2) an action plan. When faced with many discrete risks, 
NEP managers and their programs benefit from a process 
that will help them prioritize stressors that should receive 
attention and decide on how to mitigate them. Each place-
based organization’s vulnerability assessment and action 
plan will be unique: the risk management process and this 
Workbook embrace that philosophy. In 2020, nine NEPs—
including the IRLNEP—have undertaken vulnerability 
assessments following workbook guidelines (Figure 3). 

One program has completed an action plan (Table 1).

FIGURE 3. Ten step process described in USEPA 
Workbook

This Project
This project was undertaken in two phases. Phase I was 
designed to complete part 1 of the Workbook: a risk-based 
vulnerability assessment of the IRLNEP’s mission to the 
risks associated with climate change stressors. This was 

achieved by completion of the first five steps:

Step 1.	 Communication and consultation 

– identify key stakeholders and prepare a schedule for 

stakeholder involvement

Step 2.	 Establishing the context – compile list 

of organizational goals and associated Action Plans 
(IRLNEP 2008) that are susceptible to climate change.

Step 3.	 Risk identiŉcation – create a broad list of 

climate change risks that might impact the ability of the 

IRLNEP to achieve its goals.

Step 4.	 Risk analysis – make an initial, high-level 
determination of the consequence, likelihood, spatial 
scale, and timeline of the impacts.

Step 5.	 Risk evaluation and comparison – develop 

a consequence/probability matrix prioritizing risks most 
likely to impact the goals and objectives (also known as 
Action Plans) of the IRLNEP. 

In Phase II, a suite of risk-reducing (also known as 
resilience enhancing) adaptation actions and plans, 
formatted to facilitate seamless integration into the 

ongoing CCMP revision process, were identified. Phase II 
addressed Steps 6–9:

Step 6.	 Establishing the context – identify 

potential partners to address risks identified in Phase I.

Step 7.	 Deciding on a course – prioritize risks and 
likely management strategies.

Steps 8a and 8b.	 Finding and selecting 

adaptation actions – ranking of adaptation actions to 

reduce priority risks.

Step 9.	 Preparing an action plan – implement 

adaption actions.

Step 10.	Monitoring and review – develop protocol 

to monitor and review plan effectiveness. 

This document includes the results of both phases of the 

project.
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TABLE 1. Completion date of most recent CCMP, Climate 
Ready Estuaries Risk-Based Vulnerability Assessment, and 
Action Plan

LOCATION CCMP
VULNERABILITY 

ASSESSMENT
ACTION PLAN

Casco Bay 2016 2017 Not applicable

Charlotte Harbor 2013 2018 Not applicable

Indian River Lagoon 2019 2018 Not applicable

Lower Columbia Estuary 2011 2017 Not applicable

Morro Bay 2012 2016 Not applicable

San Juan Bay 2005 2013 2015

Santa Monica Bay 2013 2016 Not applicable

Sarasota Bay 2017 2017 Not applicable

Tampa Bay 2017 2017 Not applicable
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RISK-BASED VULNERABILITY ASSESSMENT
Step 1. Communication and Consultation

Stakeholder Outreach

One objective of Step 1 was to identify key stakeholders 
and learn their particular interests or concerns about 

climate change risks to the IRL. Table 2 lists key 

stakeholders interviewed throughout the duration of 

this project. Stakeholder input was also acquired during 
technical meetings and scheduled presentations made by 

members of the project team (Table 3).

Real-time Polling

Feedback from stakeholders was collected using real-time 
polling at several stakeholder engagement meetings. As 

with stakeholder outreach, the purpose of this polling 
was to quantify stakeholder perceptions regarding 
the risk of climate change stressors on the IRL and 
IRLNEP management goals. Stakeholder responses are 
summarized in Appendix C. Results of Real-Time Polling 

and evaluated with regards to the findings of the project in 
the Discussion section of this report.

TABLE 2. Stakeholders interviewed throughout duration of project

STAKEHOLDER OUTREACH AFFILIATION TOPIC

Arpayoglou, Irene Florida Department of Environmental Protection – IRL Aquatic Preserves Spoil Islands

Barile, Peter Environmental Consultant Nutrients

Beal, Jeff East-Central Estuarine Restoration Team Natural Resources

Bell, Lexie Morro Bay NEP

Bohlan, Curtis Casco Bay NEP

Burke, Mya Tampa Bay NEP

Busha, Michael Treasure Coast Regional Planning Council Planning

Corbett, Catherine Lower Columbia Estuary NEP

Craghan, Michael USEPA General

Creswell, R Florida Sea Grant Climate Stressors

Crosley, Mark Florida Inland Navigation District Spoil Islands

Culver, Matt Brevard County Boating and Waterways

Encomio, Vincent Florida Oceanographic Society Climate Stressors

Evans, Jason Stetson University General

Gubles, Anthony Brevard County Wastewater

Hevia, Allison Charlotte Harbor NEP

Ilami, Fara Florida Fish and Wildlife Conservation Commission Living Shorelines

Johnston, Karina Santa Monica Bay NEP

LaMartina, Kathy South Florida Water Management District Surface Water

Lindeman, Ken Florida Institute of Technology General

Listopad, Claudia Environmental Consultant
Total Maximum Daily Loads 
(TMDLs)

Lunt, Jessica Smithsonian Marine Station Climate Stressors

McClure, Bach Brevard County Stormwater

McCue, Tara East Central Florida Regional Planning Council Planning

McGee, Darcie Brevard County General

Middlebrook, Mike St. Lucie County Natural Resources
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STAKEHOLDER OUTREACH AFFILIATION TOPIC

Otega, Jorge San Juan Bay NEP

Roddenberry, Annie Northeast Florida Estuarine Restoration Team Natural Resources

Ruppert, Thomas Florida Sea Grant Legal

Schaefer, Adam Harbor Branch Oceanographic Institute Biotoxins

Shafer, Dave Sarasota Bay NEP

Smith, Brandon Brevard County Save Our IRL Program

Souto, Leesa Marine Resources Council Natural Resources

Spratt, Robbyn Brevard County Stormwater

Traylor, Aaron City of Melbourne Wastewater

Trefry, John Florida Institute of Technology Muck

Weaver, Robert Indian River Lagoon Research Institute Natural Resources

Winston, Keith Brevard Zoo Living Shorelines

Zierden, David Florida State Climatologist Climate Trends

Zimmerman, Janet Florida Inland Navigation District Spoil Islands

TABLE 3. Summary of stakeholder meeting outreach activities

ORGANIZATION PRESENTATION (#) REAL-TIME POLLING

IRL Council Science, Technology, Engineering, and Modeling Advisory Committee 2 2

IRL Council Management Board 1 1

Northeast Estuarine Restoration Team 2 1

East Central Estuarine Restoration Team 2 1

Step 2. Establishing the Context

IRLNEP Program Vulnerability

The objective of this step was to identify IRLNEP 
organizational goals and CCMP Action Plans at risk for 
climate change stressors. To complete this step, the project 
team completed a review of the IRL 2008 CCMP (IRLNEP 
2008) and those available from other NEP programs 
that have completed or were conducting a vulnerability 

assessment (Table 1). What was clear from that review is 
all other programs undertook the vulnerability assessment 

based upon a relatively recent version of their CCMP. As 
a consequence, their organizational Goals and associated 
Action Plans were written with a clear understanding of 

the risks posed by climate change stressors.

In contrast, the Goals and Action Plans contained in the 
IRL 2008 CCMP did not acknowledge the breadth and 

scope of risks posed by future climate. Of the 85 Action 
Plans, 25 may be at risk, 21 possibly at risk, and 39 not 
at risk to climate change (Table 4). In consultation with 
the IRL Council staff and IRLNEP Management Conference, 
it was agreed moving forward with Step 3 would not be 

constrained by the old 2008 CCMP guidance. As the Climate 
Ready Estuary process moved forward, consideration was 
given to the CCMP revision in development and to ensure 
that final action recommendations of the Climate Ready 
Estuary report was in alignment with the 2019 revised 
CCMP that was certified by the USEPA and adopted by the 
IRL Council.
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TABLE 4. Risk assessment of 2008 CCMP goals and action plans to climate change

GOAL – ACTION PLAN YES POSSIBLY NO

1 – Water and Sediment Quality Improvements

Point Source Discharge 0 0 5

Onsite Sewage Treatment 0 2 1

Fresh and Storm Water Discharges 2 7 4

Marina and Boat Impacts 0 4 3

Atmospheric Deposition 1 0 0

TMDLs 1 0 2

SUM 4 13 15

2 – Living Resources

Biodiversity 1 1 1

Seagrass 1 0 0

Wetlands 6 1 1

Impounded Marsh Restoration and Management 0 0 0

Land Acquisition and Protection 0 2 2

Endangered and Threatened Species 3 1 1

Fisheries 3 0 0

Biotoxins and Health 1 2 0

Climate Change 3 0 0

Invasive Fauna and Flora 1 1 2

SUM 19 8 7

3 – Public and Government Support and Involvement

Public Involvement and Education 1 0 3

IRL CCMP Implementation 0 0 2

Data and Information Management Strategy 0 0 3

Monitoring 1 0 2

IRL Scientiŉc Research 0 0 3

Environmental Incident Assessment and Response 0 0 3

SUM 2 0 16

4 – Financing IRL CCMP Implementation

Economic Analysis 0 0 1

SUM 0 0 1

SUM (85 TOTAL ACTION PLANS) 25 21 39

Source: RW Parkinson Consulting Work Product 2018.
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Other Vulnerability Assessments Within the 
IRL Watershed

This vulnerability assessment focused on the potential 

effects of climate change on natural resources within 

the IRL watershed. However, there are numerous 
vulnerability assessments that have been conducted on 

the urban landscape or “built environment” within the IRL 
watershed. These include:

•	 �“Space Coast Transportation Planning Organization 
Sea Level Rise Vulnerability Assessment.” Prepared by 
the East Central Florida Regional Planning Council on 
behalf of Brevard County in 2018. This vulnerability 
assessment identified all transportation infrastructure 
(roads, railways, airports, and other critical transit 
facilities) likely to be affected by sea level rise. The focus 

was on flooding and the results can be used to develop 
adaptation strategies and to seek federal funding to 

support adaptation actions.

•	 �“Brevard County Emergency Management – Hazard 
Summaries.” Prepared by Brevard County Emergency 
Management in 2016. This hazard assessment provides 
a concise description of impacts from 21 different 
hazards, including tropical storms, sea level rise, drought, 
and wildfires. The assessment includes a list of hazards 
categorized into seven impact groups: public and 
responders, continuity of operations, property/facilities/
infrastructure, delivery of services, public confidence in 
government, economic condition, and the environment.

•	 �“City of Satellite Beach Sustainability Action Plan.” 
Prepared by the Florida Institute of Technology in 2017. 
This plan identifies stressors and recommendations for 
each of five broad categories: built environment, land 
and water systems, energy and transportation networks, 
community outreach, and quality of life.

•	 �“Resilient Volusia County.” Prepared by the East 
Central Florida Regional Planning Council in 2017. This 
assessment estimated impacts to critical assets from sea 

level rise and storm surge. One of the recommendations 

was for cities in Volusia County to be compliant with 
Florida Senate Bill 1094 by incorporating sea level rise in 
plans for development and redevelopment. Water quality 
and ecosystems assets were considered.

•	 �“East Central Florida Regional Resiliency Action Plan 
(2018).” This project was coordinated by the East 
Central Florida Regional Planning Council, to improve 
coordination, communication, and teamwork among 
local and regional governments that are located along 

Florida’s central Atlantic coastline.

Step 3. Risk Identi˛cation
The objective of this step was to create a broad list of risks 
to the IRL and IRLNEP caused by climate change stressors. 
To complete this step, the first task was to identify specific 
climate change stressors that are likely to affect the IRL 

CCMP goals, Vital Signs, and action plans. The second 
task was to evaluate the potential consequences (risks) of 
these stressors on each CCMP Vital Sign and action plan. 
As noted previously, it was agreed that Step 3 would not be 
constrained by the limitations of the old 2008 CCMP. Rather, 
consideration would also be given to new organizational 
goals, Vital Signs, and/or related Action Plans identified 
during the 2008 CCMP revision process. The heart of the 
IRL CCMP – Looking Ahead to 2030 adopted in 2019 was 
a IRL Vital Signs wheel that graphically illustrates the key 
Vital Signs for ecosystem health (Figure 4).

Based upon an evaluation of other Risk-based Vulnerability 
Assessments conducted in NEPs located within and beyond 
the state of Florida (Table 1), stakeholder input, literature 
review (Chassignet et al. 2017), and the experience and 
expertise of project members, five climate changes stressors 
were identified as relevant to IRLNEP:

•	 �Warmer temperatures – Warmer temperatures are one 
of the most direct signs that the climate is changing. 

Concentrations of heat-trapping greenhouse gases 
are increasing in the Earth’s atmosphere. In response, 
average temperatures at the Earth’s surface are 
increasing and are expected to continue rising.

•	 �Changes in precipitation – As average temperatures at 
the Earth’s surface rise, more evaporation occurs, which 
in turn can locally increase or decrease rainfall rates and 

duration. Therefore, a warming climate is expected to 
change precipitation patterns in many areas.

•	 �Increasing storminess – Climate change is expected 
to enhance storminess by increasing sea surface 

temperatures, a key factor that influences their formation 
and behavior.

•	 �Acidification – As the concentration of carbon dioxide in 
the atmosphere increases, so too does it increase in the 
ocean via absorption. Rising levels of carbon dioxide 
dissolved in the ocean negatively affect some marine life 

because carbon dioxide reacts with sea water to produce 
carbonic acid. This lowers the pH of seawater, making 
it more acidic. Rapidly advancing scientific knowledge 
highlighted the need to clarify subtle but important 

differences between ocean acidification (the global 
change in ocean chemistry from atmospheric inputs 

of carbon dioxide) versus coastal acidification (local 
changes in water chemistry driven by freshwater river 

inputs and excess nutrient run-off ( e.g.,nitrogen and 
organic carbon) from land).

•	 �Sea level rise – As the earth absorbs more heat, ice melts 
and the oceans warm. The addition of melting water and 

thermal expansion of ocean water causes sea level to rise.

The basis of this selection is further demonstrated in the 

following sections, which describe both historical and 
future conditions that have and are likely to continue 

putting assets of the IRL at risk to climate change.
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FIGURE 4. CCMP Vital Signs wheel
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Historical Condition

Changes in water and air temperatures, rainfall, 
storminess, coastal water pH (also known as coastal 
acidification), and sea level have been occurring in the 
IRL region in recent decades. The following five sections 
provide information about how these environmental 

variables have changed. The most recent (4th iteration) 

of the National Climate Assessment from the United 
States Global Change Research Program (2017) was used 
extensively to assess historical climate trends in Florida. 
Where more local information was needed, figures were 
adapted or developed from raw data.

Warmer Temperatures

At 156 miles, the length of the IRL encompasses several 
regions with distinct climatological characteristics. 

Temperatures statewide increased approximately 1°F 
since the beginning of the 20th century (Runkle et al. 2017). 
This Florida statewide trend is similar to the increases 
in average temperatures in the five counties that border 
the IRL (Figure 5). While there has been no discernable 
daytime warming, the frequency of very warm nights 
(minimum temperature above 75°F) has risen sharply: 
the number of very warm nights during the first part of the 
21st century has nearly doubled compared to the mid-20th 
century (1930–1954; see Figure 6; Runkle et al. 2017).

The oceans have absorbed more than 90% of the heat 
associated with global atmospheric temperature increases. 

As a result, global sea surface temperatures have increased 
by about 1.3°F per century from 1900 to 2016 (Jewett and 
Romanou 2017).
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FIGURE 5. Observed annual average temperatures for IRL watershed counties (1895–2017)

Source: The Balmoral Group Work Product from National Oceanic and Atmospheric Administration (NOAA) Climate Divisional Database

FIGURE 6. Florida observed number of nights above 
75°F during 5-year periods from 1900–2014
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Changes in Precipitation

Florida has experienced below average precipitation 
during the last decade (Runkle et al. 2017). Seasonal 
changes in the IRL watershed in recent decades indicate 
a tendency toward drier spring and fall conditions and 

increases in winter rainfall (Figure 7).

Changes in rainfall intensity may result in greater impacts 
to the IRL than changes in annual or seasonal totals 
due to the potentially elevated sediment and pollutant 

loading resulting from extreme rain events. Historically, 
the number of high-intensity rain events (greater than 4 
inches/day) in Florida has been highly variable; however, 

the highest number of days with more than 4 inches of 
rain occurred during the 2010–2014 period (Runkle et 
al. 2017). A study of regional changes in the daily rainfall 
amount associated with a 20-year storm found that in the 
southeastern United States, it had increased by about 0.4 
inches since the middle of the 20th century (Kunkel et al. 

2013; Figure 7). Similarly, rain-gauge stations in the IRL 
watershed show there has been a substantial increase 

in extreme rains (>6 inches/day) in the last 30 years 
compared to the previous 30-year period (Dourte et al. 
2015; Figure 9). These observations suggest that high-
intensity rain events are becoming more common.

FIGURE 7. Annual and seasonal percent change in rainfall amounts in Florida: recent period (1986–2015) minus 
early 20th century (1901–1960)

Source: Easterling et al. 2017
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Increasing Storminess

Storms cause erosion and flooding, both of which can 
have deleterious effects on the IRL watershed. Numerical 
modeling and the underlying theory both suggest that 

tropical cyclone activity should increase with rising 

atmospheric temperature, resulting in tropical cyclones of 
greater intensity in wind speeds and rainfall. However, the 
number of hurricane events to strike Florida from 1900–
2017 (Figure 10) has not changed substantially over the 

last century (Runkle et al. 2017).

In addition to tropical storms, severe convective storms 
and winter storms are also important extreme events in 
Florida’s climate. Using tide gauges, one author determined 
that there has been a significant multi-decadal increase in 
the number of winter storms affecting the southeastern 

United States from the early to late 20th century (Thompson 

et al. 2013).

Source: Easterling et al. 2017

�����������������������

�������������������
��


	�����
�����������

���
	���
	��

����
������

����

�����

�������

����

�������

�

����

��

FIGURE 8. Regional increases (from 1948–2015) in daily rainfall totals (inches) of a 20-year storm event

FIGURE 9. Changes between 1985–2014 and 1955–1984 
in numbers of extreme daily rain events

Source: Dourte et al. 2015
Note: Station-speciŦc data; light-color dots correspond to decreases and 
dark-color dots correspond to increases in extreme rain events (> 6 inches/
day).
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Coastal Acidiŉcation
Acidification of coastal waters can place at risk some 
marine life, especially those species that depend upon 
calcified “hard parts” (i.e., shells). A recent study 
compared pH, dissolved oxygen (DO), temperature, and 
salinity data from ten Florida estuaries from 1980 to 
2008 (Robbins and Lisle 2018). Collectively, 8 out of the  
10 estuaries—including the IRL—exhibited increasing 
coastal acidification.

Sea Level Rise

Global sea level has risen about 8 inches since reliable 
record keeping began in 1880s. This increase is consistent 
with Florida water level records, which have recorded 
an average annual increase of about 2 millimeters/year. 
However, more recent data based on satellite altimetry 
indicates the global average increase in sea level elevation 

since the early 1990s is now more than 3.0 millimeters/
year (Sweet et al. 2017). Records from the water level 
gauge at Fernandina Beach, Florida (Figure 11) indicate 

an increase in height of about 10 inches since 1897, an 
average annual increase of 2.1 millimeters/year.

Recent research has also identified the IRL as part of a 
global hotspot (Cape Hatteras to Miami) where sea level 
rise accelerates in bursts that last three to five years. The 
University of Florida determined that seas in the region 
rose nearly 10 times faster than the long-term rate, and 
between 2011 and 2015 seas rose in the southeastern U.S. 
by more than six times the global average (https://news.
ufl.edu/articles/2017/08/east-coasts-rapidly-rising-seas-
explained.html).

Projected Future Condition

A summary of how each of the five climate stressors are 
forecast to change towards the end of the 21st century is 

described in the following sections. When possible, these 
are based upon regional assessments.

Warmer Temperatures

Mean annual temperatures are projected to increase 
across the southeast United States throughout the balance 

of the 21st century (Runkle et al. 2017). By the end of 
the century, temperatures across peninsula Florida are 
projected to be between 2°F and 11°F warmer than the 
1901–1960 average (Figure 12). The greatest warming 

is projected to take place during the summer months. 
Maximum temperatures exceeding 95°F are expected to 
increase across the southeast, with the greatest increases 
in the southern half of Florida. In addition, the number 
of consecutive days exceeding 95°F, a metric used as 
a measure of heat waves, is expected to increase by at 
least 97%. An increase in the number of warm nighttime 
temperatures is also projected. Minimum temperatures 
below 10°F are expected to decrease in frequency by mid-
century. The length of the freeze-free season is expected 
to increase as well. The combined and most relevant 

effects all of the changes on the IRL will be warmer water 
temperatures during both the summer and winter months, 
which may exert significant stress on native estuarine and 
coastal taxa.
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FIGURE 10. Florida landfalling hurricanes, totals in 5-year increments, 1900–2017

Source: Adapted from Runkle et al. 2017, data from https://www.coast.noaa.gov/hurricanes/.
Note: Category 1 to 5 hurricanes (blue); Category 3 to 5 hurricanes (gray).
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FIGURE 11. Fernandina Beach, Florida, 1896–2017 anomalies in local sea level (inches)

Source: Runkle et al. 2017

Source: NOAA tide gauge at Fernandina Beach, FL – Station ID: 8720030
Note: Differences from the mean sea level datum for current tidal epoch (1983–2001).

FIGURE 12. Observed and projected changes in Florida temperatures compared to 1901–1960 average
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Changes in Precipitation

Precipitation is expected to increase by about 3% along 
the northern and central regions of the IRL as illustrated in 
Figure 13 (Kunkel et al. 2013). No change from historical 
rainfall to a decrease of 3% is predicted in the south IRL. 
High-intensity rain events are projected to increase in 
Florida in the future. For example, even under a lower 
emissions scenario, the mid-century (2036–2065) and late-

century (2071–2100) increases in the daily, 20-year rainfall 
amounts are projected to be 9% and 13%, respectively, in 
the southeast United States (Figure 14; Easterling et al. 
2017). More frequent, high-intensity rainfall events will 
likely result in an increase in the flux of fresh water and 
associated pollutants into the IRL, exerting evermore 
stress on native estuarine and coastal taxa.

Source: From Kunkel et al. 2013 using A2 (high) emissions scenario

FIGURE 13. Simulated differences in annual and seasonal precipitation (%) by mid-century relative to reference 
period 1971–2000
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Increasing Storminess

Hurricanes (Figure 15), tropical storms, and other 
intense rotating storms are grouped into this climate 

stressor category. When these encounter land, their 
intense rains, high winds, and associated storm surge can 
cause severe flooding and destruction. Recent modeling 
suggests storminess will become more intense over the 

21st century (USEPA 2016; Ingram et al. 2013; Knutson 
et al. 2010). The combined and most relevant effects of 
increased storminess on the IRL will be an increase in the 
flux of freshwater (rainfall), erosion (waves and currents), 
flooding (storm surge), and destruction (rainfall, wind, 
waves, currents, storm surge) during event conditions. 
This may exert significant stress on native estuarine and 
coastal taxa. Source: ModiŦed from Knutson et al. 2010

Source: Easterling et al. 2017

FIGURE 14. Projected changes in the 20-year return period daily rainfall amount mid-century (left) and late-21st 
century (right) under lower and higher carbon dioxide emission scenarios

FIGURE 15. Increasing hurricane power is forecast to 
accompany climate change throughout this century
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Ocean and Coastal Acidiŉcation
Carbon dioxide is predicted to increase throughout 
this century and so too is ocean acidity as illustrated in 

Figure 16 (USEPA 2018). The increase in acidity makes 
it more difficult for shellfish and other calcifying taxa to 
produce and maintain their shells or exoskeletons. Hence, 
acidification can lead to changes in marine ecosystems, 
including finfish and shellfish populations and the people 
who depend on them.

This global-scale change in ocean pH based on atmospheric 
carbon dioxide levels is made more complex in estuaries 

and nearshore coastal waters. The proximal driver for 
pH changes in most estuaries is coastal eutrophication. 
Coastal acidification caused by eutrophication, freshwater 
inflow, and upwelling is already affecting many estuaries 
worldwide and can be exacerbated by ocean acidification 
that is caused by increasing carbon dioxide in the 
atmosphere. Effective management, mitigation, and/or 
adaptation to the effects of coastal and ocean acidification 
require careful monitoring of the resulting changes in 
seawater chemistry. (Yates et al. 2019, Wallace et al. 2014).

Sea Level Rise

As the temperature of the Earth changes, so does sea level 
elevation. Temperature and sea level are linked for two 

main reasons. First, rising temperatures cause glaciers and 
ice sheets to melt. This increases the volume of water in 

the ocean, which causes its level to rise. Second, as water 
warms, it expands slightly, causing an increase in elevation 
of sea level. This leads to the inundation of low-lying areas, 
shoreline erosion, and salt water intrusion. Higher sea 
level also makes coastal infrastructure more vulnerable 

to damage from storms due to an increased likelihood of 

flooding from higher storm surges. The most recent sea 
level rise scenarios (Sweet et al. 2017; U.S. Army Corps of 
Engineers [USACE] 2013) applicable to the IRL suggest it 
will reach elevations of between 5 feet and 8.5 feet by the 
end of this century (Figure 17). These changes may exert 
significant stress on native estuarine and coastal taxa.

Source: ModiŦed from USEPA 2018

FIGURE 16. Ocean acidiŉcation is projected to increase 
towards the end of this century

FIGURE 17. Sea level rise projections through 2100 based upon NOAA and USACE modeling
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In addition to average global sea level rise, the central 
east coast of Florida is impacted by seasonal variability 
and Gulf Stream impacts. Local and regional impacts of 
sea level rise need to be considered by resource managers 

and infrastructure planners concerned with building 

coastal resilience.

Figure 18 shows sea level data filtered to demonstrate 
inter-annual trend of sea level rise of about 2 centimeters 

per year between 2010 and 2016. Sea level rise is preceded 
and followed by periods of sea level fall (Zarillo 2020).

Figure 19 shows more than a 90-year monthly average 
sea level record at Mayport, Florida. The trend is about 
one foot of sea level rise per century. Seasonal variations, 
such as those caused by the Gulf Stream, are removed 
(Zarillo 2020).

FIGURE 18. Sea level rise inter-annual trend of 2 centimeters per year between 2010 and 2016

FIGURE 19. Monthly average sea level record at Mayport, Florida
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Summary of Risks

Table 5 summarizes the risks identified during this step of the project. The risks poised to the IRL management goals 
(as proposed in the revised CCMP) by the five climate stressors total 154. A detailed description of how each stressor 
influences each management goal is contained in Appendix A. Risk Identification.

TABLE 5. Number of potential risks to IRL management goals posed by ŉve climate change stressors

GOAL
WARMER 

TEMPERATURE
CHANGES IN 

PRECIPITATION
INCREASING 
STORMINESS

ACIDIFICATION
SEA LEVEL 

RISE
SUM

Sediment and Water Quality

Wastewater 1 1 1 1 1 5

Surface Water 3 1 1 1 2 8

Lagoon Hydrology 1 1 0 0 1 3

Marina and Boating Pollution 1 1 1 0 1 4

Atmospheric Deposition 1 1 1 0 0 3

Water Clarity 1 2 3 0 3 9

Dissolved Oxygen 3 2 3 0 2 10

Chlorophyll a 1 2 3 0 2 8

Legacy Nutrient Pollution 0 0 1 0 0 1

Sum 12 11 14 2 12 51

Natural Resources

Biodiversity 3 3 3 1 3 13

Seagrass 4 3 3 1 2 13

Wetlands and Impounded Marshes 3 1 1 0 3 8

Rare, Threatened, Endangered Species 4 3 3 1 3 14

Fisheries 3 3 3 1 2 12

Biotoxins, Infectious Agents, etc. 1 2 2 1 2 8

Exotic and Invasive Species 2 3 2 0 2 9

Living Shorelines 1 1 1 1 1 5

Archeological Resources 1 1 1 1 1 5

Sum 22 20 19 7 19 87

Stakeholder Engagement

Public Access 3 2 1 0 2 8

Public Education and Involvement 2 2 2 1 1 8

Sum 5 4 3 1 3 16

Grand Total 39 35 36 10 34 154
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Step 4. Risk Analysis
The objective of this step was to make an initial 
determination of the consequence, likelihood, spatial scale, 
and urgency of the risks posed to the goals of the IRLNEP 
by the five climate stressors. Each risk was scored from 1 
(low) to 3 (high) as shown in Table 6.

Warmer Temperatures

Results of the risk analysis to IRL sediment and water 
quality caused by rising air and water temperatures are 
shown in Table 7. Results of the risk analysis to IRL natural 
resources caused by rising air and water temperatures 

are shown in Table 8. Results of the risk analysis to IRL 
stakeholder engagement caused by rising air and water 

temperatures are shown in Table 9.

Changes in Precipitation

Results of the risk analysis to IRL sediment and water 
quality caused by changes in precipitation are shown 
in Table 10. Results of the risk analysis to IRL natural 
resources caused by changes in precipitation are shown 

in Table 11. Results of the risk analysis to IRL stakeholder 
engagement caused by changes in precipitation are shown 

in Table 12.

Increasing Storminess

Results of the risk analysis to IRL sediment and water 
quality caused by increasing storminess are shown in 
Table 13. Results of the risk analysis to IRL natural 
resources caused by increasing storminess are shown in 

Table 14. Results of the risk analysis to IRL stakeholder 
engagement caused by increasing storminess are shown 

in Table 15.

Acidi˛cation
Results of the risk analysis to IRL sediment and water 
quality caused by increasing acidification are shown 
in Table 16. Results of the risk analysis to IRL natural 
resources caused by increasing acidification are shown in 
Table 17. Results of the risk analysis to IRL stakeholder 
engagement caused by increasing acidification are shown 
in Table 18.

Sea Level Rise

Results of the risk analysis to IRL sediment and water 
quality caused by sea level rise are shown in Table 19. 

Results of the risk analysis to IRL natural resources caused 
by sea level rise are shown in Table 20. Results of the risk 
analysis to IRL stakeholder engagement caused by sea 
level rise are shown in Table 21.

CONSEQUENCE SPATIAL EXTENT OF IMPACT LIKELIHOOD TIME HORIZON

 1. �Low (could adjust,  
life will go on)

1. �Site (bridge, 
stormwater outŊow) 1. Low 1. > 10 years

2. Medium
2. Place  
(wildlife refuge)

2. Medium 2. 5–10 years

3. �High (catastrophic, major 
disruption)

3. Region  
(watershed)

3. High  
(very likely, 
predictable)

3. Already occurring  
or < 5 years

TABLE 6. Risk analysis scoring matrix
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Wastewater

Increased pollutant loadings 
due to changes in solubility and/
or toxicity caused by warmer 
temperature

1 1 2 2 6 Moderate

Surface Water

Increased pollutant loadings 
(urban, rural) due to changes in 
solubility and/or toxicity caused 
by warmer temperature

2 3 2 2 9 Moderate

Surface Water

Increased pollutant loadings 
due to increased use of chemical 
treatments in surface water 
storage and conveyance 
infrastructure to reduce more 
frequent algae blooms or 
expanding invasive plants 
caused by warmer temperature

1 1 2 2 6 Moderate

Surface Water

Increased pollutant loadings 
due to increased maintenance 
(cuttings, chemical applications) 
of greenspace caused by 
warmer temperature

2 2 2 2 8 Moderate

Lagoon 
Hydrology

Changes in thermohaline 
circulation due to warmer 
temperature

1 2 3 2 8 Moderate

Marina and 
Boat Pollution

Increased pollutant loadings 
from site runoff due to changes 
in solubility and/or toxicity 
caused by warmer temperature

1 1 1 2 5 Moderate

Atmospheric 
Deposition

Increased atmospheric 
deposition of nitrogen and other 
pollutants due to increasing 
demand for electricity caused by 
warmer temperature

1 2 3 2 8 Low

Water Clarity

Decreased clarity due to an 
increase in the growth rates 
and survival of algae and 
other taxa induced by warmer 
temperature

2 3 3 2 10 High

DO
Decreased DO solubility due to 
warmer temperature

3 3 3 3 12 High

DO

Decreased DO availability due 
to accelerated decomposition 
of organic matter caused by 
warmer temperature

1 3 3 2 9 Moderate

DO
Decreased DO availability due 
to more frequent algae blooms 
caused by warmer temperature

3 3 3 3 12 High

Chlorophyll a

Increased chlorophyll a 
concentration due to more 
frequent algae blooms caused 
by warmer temperature

3 3 3 3 12 High

TABLE 7. Risks to sediment and water quality caused by warmer temperatures
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TABLE 8. Risks to natural resources caused by warmer temperatures

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Biodiversity
Increased habitat and species 
disruption due to warmer 
temperature

1 2 3 2 8 Moderate

Biodiversity

Increased habitat and species 
disruption due to elevated 
pollutant loadings caused 
by changes in solubility and/
or toxicity induced by warmer 
temperature

1 2 3 2 8 Moderate

Biodiversity

Increased habitat and species 
disruption due to elevated 
pollutant loadings in surface 
water storage and conveyance 
infrastructure caused by caused 
by longer growing season induced 
by warmer temperature

2 2 2 2 8 Moderate

Seagrass
Increased habitat and species 
disruption due to warmer 
temperature

1 2 3 2 8 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loading caused by 
changes in solubility and/or 
toxicity induced by warmer 
temperature

1 2 3 2 8 Moderate

Seagrass

Increased habitat and species 
disruption due to elevated 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by warmer 
temperature

2 3 2 2 9 Moderate

Seagrass

Change in carbon sequestration 
due to habitat and species 
disruption caused by warmer 
temperature

1 2 3 2 8 Moderate

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to warmer 
temperature

1 2 3 3 9 Moderate

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to changes in 
evapotranspiration

1 2 3 2 8 Moderate

Wetlands and 
Impounded 
Marshes

Change in carbon sequestration 
due to habitat and species 
disruption caused by warmer 
temperature

1 2 3 2 8 Moderate

Rare, Threatened, 
Endangered, 
and Species of 
Special Concern 
(SOSC)

Increased habitat and species 
disruption due to warmer 
temperature

1 2 3 2 8 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to lower oxygen 
solubility caused by warmer 
temperature

1 2 3 2 8 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to lower oxygen 
availability cause by more 
frequent algae blooms induced by 
warmer temperature

1 2 3 2 8 Low
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to lower oxygen 
availability caused by accelerated 
growth and decay of invasive 
plants within basin induced by 
warmer temperature

1 2 3 2 8 Low

Fisheries
Increased habitat and species 
disruption due to warmer 
temperature

1 2 3 2 8 Moderate

Fisheries

Increased habitat and species 
disruption due to lower oxygen 
solubility caused by warmer 
temperature

1 2 3 2 8 Moderate

Fisheries

Increased habitat and species 
disruption due to lower oxygen 
availability cause by more 
frequent algae blooms induced by 
warmer temperature

1 2 3 2 8 Low

Toxins, 
Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
due to warmer temperature

2 2 3 2 9 Med

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species due to warmer 
temperature

1 2 3 2 8 Moderate

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species due to increased 
wildŉres caused by warmer 
temperature

1 2 2 2 7 Moderate

Living 
Shorelines

Increased habitat and species 
distribution due to warmer 
temperature

1 1 3 2 7 Moderate

Archeological 
Resources

Increased biological and chemical 
degradation due to warmer 
temperature

1 1 3 2 7 Moderate

TABLE 9. Risks to stakeholder engagement caused by warmer temperatures

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Public Access
Decreased recreational activities 
due to warmer temperature

1 1 3 2 7 Moderate

Public Access

Decreased recreational activities 
due to accelerated spread of 
existing or new viral, bacterial, 
fungal, and parasitic infections 
caused by warmer temperature

2 2 3 3 10 High

Public Access

Decreased recreational activities 
due to reduced water clarity 
caused by increased pollutant 
loadings

2 2 3 2 9 Moderate

Public Education 
and Involvement

Decreased volunteer participation 
in activities due to warmer 
temperature

1 1 3 2 7 Moderate

Public Education 
and Involvement

Decreased volunteer 
participation in activities due to 
learned helplessness and self-
efŉcacy issues

1 1 3 2 7 Moderate
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TABLE 10. Risks to sediment and water quality caused by changes in precipitation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Wastewater

Increased pollutant loadings 
from wastewater treatment 
plant (WWTP) and onsite 
sewage treatment and disposal 
systems (OSTDS) during high 
rainfall events

2 3 2 2 9 Moderate

Surface Water

Increased pollutant loadings 
from surface water storage 
and conveyance infrastructure 
during high rainfall events

2 3 2 3 10 Moderate

Lagoon 
Hydrology

Changes in thermohaline 
circulation due to polyline 
conditions caused by intervals 
of higher rainfall and drought

1 2 3 2 8 Moderate

Marina and Boat 
Pollution

Increased pollutant loadings 
from site runoff during high 
rainfall events, especially after 
extended periods of drought

1 1 1 2 5 Moderate

Atmospheric 
Deposition

Increased atmospheric 
deposition of nitrogen and 
other pollutants during high 
rainfall events

1 2 3 2 8 Low

Water Clarity

Decreased clarity due to 
increased pollutant loadings 
from WWTP during high rainfall 
events

2 3 2 3 10 Moderate

Water Clarity

Decreased clarity due to 
increased pollutant loadings 
from surface water storage 
and conveyance infrastructure 
during high rainfall events

2 3 2 3 10 Moderate

DO
Increased pollutant loadings 
from WWTP and OSTDS high 
rainfall events

2 3 2 3 10 Moderate

DO

Decreased DO availability due 
to increased pollutant loadings 
from surface water storage 
and conveyance infrastructure 
during high rainfall events

2 3 2 3 10 Moderate

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

2 3 2 3 10 Moderate

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during high 
rainfall events

2 3 2 3 10 Moderate

Legacy 
Nutrients

Not applicable - - - - - -
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TABLE 11. Risks to natural resources caused by changes in precipitation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Biodiversity

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

2 3 2 2 9 Moderate

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by high 
rainfall events

2 3 2 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

2 3 2 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

2 3 2 2 9 High

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to increased 
pollutant loading from WWTP and 
OSTDS during high rainfall events

2 3 2 2 9 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to increased 
pollutant loading from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

2 3 2 2 9 Moderate

Fisheries

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Fisheries

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

2 3 2 2 9 Moderate
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Fisheries

Increased habitat and species 
disruption from surface water 
storage and conveyance 
infrastructure during high rainfall 
events

2 3 2 2 9 Moderate

Toxins, 
Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from WWTP and OSTDS during 
high rainfall events

1 1 3 2 7 Moderate

Toxins, 
Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from surface water storage and 
conveyance infrastructure during 
high rainfall events

2 1 3 2 8 High

Exotic and 
Invasive 
Species

Accelerated spread of exotic and 
invasive species due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 2 3 2 8 Moderate

Exotic and 
Invasive 
Species

Accelerated spread of exotic and 
invasive species from WWTP and 
OSTDS during high rainfall events

1 1 3 2 7 Moderate

Exotic and 
Invasive 
Species

Accelerated spread of exotic and 
invasive species from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

1 1 3 2 7 Moderate

Living 
Shorelines

Increased habitat and species 
distribution due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

1 1 3 2 7 Moderate

Archeological 
Resources

Increased chemical degradation 
due to higher rainfall

1 1 3 2 7 Moderate

TABLE 12. Risks to stakeholder engagement caused by changes in precipitation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Public Access
Decreased recreational activities 
due to increased number of high 
rainfall events

1 1 3 2 7 Low

Public Access

Decreased recreational activities 
due to increased habitat and 
species disruption due to 
polyhaline conditions caused by 
intervals of higher rainfall and 
extended periods of drought

1 2 3 2 8 Moderate

Public 
Education and 
Involvement

Decreased volunteer participation 
in activities due to increased 
number of high rainfall events

1 1 3 2 7 Low

Public 
Education and 
Involvement

Decreased volunteer participation 
in activities due to learned 
helplessness and self-efŉcacy 
issues

1 1 3 2 7 Moderate
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TABLE 13. Risks to sediment and water quality caused by increasing storminess

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Wastewater
Increased pollutant loadings from 
WWTP and OSTDS due to more 
frequent and intense storm events

2 3 2 3 10 Moderate

Surface Water

Increased pollutant loadings from 
surface water storage and conveyance 
infrastructure caused by more 
frequent and intense storm events

2 3 2 3 10 High

Lagoon 
Hydrology

Not applicable - - - - - -

Marina and 
Boat Pollution

Increased pollutant loadings from 
access facilities and associated 
infrastructure due to increased 
coastal erosion caused by more 
frequent and intense storm events

1 2 1 2 6 High

Atmospheric 
Deposition

Increased atmospheric deposition 
of nitrogen and other pollutants 
due to more frequent and intense 
storm events

1 2 3 2 8 Low

Water Clarity

Decreased clarity due to erosion 
of seabed and shoreline caused by 
more frequent and intense storm 
events

1 2 2 2 7 High

Water Clarity

Decreased clarity due to increased 
pollutant loadings from WWTP and 
OSTDS during more frequent and 
intense storm events

2 3 2 3 10 High

Water Clarity

Decreased clarity due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by more 
frequent and intense storm events

2 3 2 3 10 High

DO

Decreased DO availability due to 
erosion of seabed and shoreline 
caused by caused by more frequent 
and intense storm events

1 2 2 2 7 High

DO

Decreased DO availability due to 
increased pollutant loadings from 
WWTP and OSTDS during more 
frequent and intense storm events

2 3 2 2 9 High

DO

Decreased DO availability due to 
increased pollutant loadings from 
surface water storage and conveyance 
infrastructure caused by more 
frequent and intense storm events

2 3 2 3 10 High

Chlorophyll a

Increased chlorophyll a 
concentration due to erosion of 
seabed and shoreline caused by 
more frequent and intense storm 
events

1 2 2 2 7 Moderate

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from WWTP and 
OSTDS during more frequent and 
intense storm events

2 3 2 2 9 Moderate

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by more 
frequent and intense storm events

2 3 2 3 10 Moderate



27 

INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

TABLE 14. Risks to natural resources caused by increasing storminess

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Biodiversity

Increased habitat and species 
disruption due to erosion of 
seabed and shoreline caused by 
more frequent and intense storm 
events

1 2 3 2 8 Moderate

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loading from WWTP and 
OSTDS during more frequent and 
intense storm events

2 3 2 2 9 Moderate

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loading from surface 
water storage and conveyance 
infrastructure during more 
frequent and intense storm events

2 3 2 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to erosion of 
seabed and shoreline caused by 
more frequent and intense storm 
events

1 2 3 2 8 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during more frequent 
and intense storm events

2 3 2 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during more 
frequent and intense storm events

2 3 2 2 9 Moderate

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to shoreline erosion 
caused by more frequent and 
intense storm events

2 3 3 2 10 High

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to erosion of 
seabed and shoreline caused by 
more frequent and intense storm 
events

1 2 3 2 8 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to increased 
pollutant loading from WWTP and 
OSTDS during more frequent and 
intense storm events

2 3 2 2 9 Moderate

Rare, 
Threatened, 
Endangered, 
and SOSC

Increased habitat and species 
disruption due to increased 
pollutant loading from surface 
water storage and conveyance 
infrastructure during more 
frequent and intense storm events

2 3 2 2 9 Moderate

Fisheries

Increased habitat and species 
disruption due to seabed and 
shoreline erosion caused by more 
frequent and intense storm events

1 2 3 2 8 Moderate

Fisheries

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during more frequent 
and intense storm events

2 3 2 2 9 Moderate
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Fisheries

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during more 
frequent and intense storm events

2 3 2 2 9 Moderate

Toxins, 
Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from WWTP and OSTDS during 
more frequent and intense storm 
events

2 1 2 2 7 High

Toxins, 
Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from surface water storage and 
conveyance infrastructure during 
more frequent and intense storm 
events

1 1 2 2 6 High

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species from WWTP and 
OSTDS during more frequent and 
intense storm events

1 1 2 2 6 Moderate

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species from surface 
water storage and conveyance 
infrastructure during more 
frequent and intense storm events

1 1 2 2 6 Moderate

Living 
Shorelines

Increased habitat and species 
disruption due to shoreline erosion 
caused by more frequent and 
intense storm events

2 3 3 3 11 Moderate

Archeological 
Resources

Increased physical and chemical 
degradation due to shoreline 
erosion and Ŋooding during more 
frequent and intense storm events

2 3 3 2 10 High

TABLE 15. Risks to stakeholder engagement caused by increasing storminess

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Public Access

Decreased recreational activities, 
especially boating related, due to 
failure of infrastructure caused by 
more frequent and intense storm 
events

2 2 3 2 9 Moderate

Public 
Education and 
Involvement

Decreased volunteer participation 
in activities due to more frequent 
and intense storm events

1 1 3 2 7 Low

Public 
Education and 
Involvement

Decreased volunteer participation 
in activities due to learned 
helplessness and self-efŉcacy 
issues

1 1 3 2 7 Moderate
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TABLE 16. Risks to sediment and water quality caused by acidiŉcation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Wastewater

Increased pollutant loadings due 
to changes in solubility and/or 
toxicity caused by acidiŉcation of 
lagoon water

1 1 2 2 6 Moderate

Surface Water
Increased pollutant loadings due 
to changes in solubility and/or 
toxicity caused by acidiŉcation

1 1 2 2 6 Moderate

Lagoon 
Hydrology

Not applicable - - - - - -

Marina and Boat 
Pollution

Not applicable - - - - - -

Atmospheric 
Deposition

Not applicable - - - - - -

Water Clarity Not applicable - - - - - -

DO Not applicable - - - - - -

Chlorophyll a Not applicable - - - - - -

Legacy Nutrients Not applicable - - - - - -

TABLE 17. Risks to natural resources caused by acidiŉcation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Biodiversity

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and 
other habitat dependent taxa 
due to more acidic conditions

1 3 3 2 9 High

Seagrass

Decreased vitality of calcifying 
organisms (i.e., shellŉsh, 
epiphytes) and other habitat 
dependent taxa due to more 
acidic conditions

1 3 3 2 9 High

Wetlands and 
Impounded 
Marshes

Not applicable - - - - - -

Rare, Threatened, 
Endangered, and 
SOSC

Decreased vitality of calcifying 
organisms (i.e., shellŉsh, 
epiphytes) and other habitat 
dependent taxa due to more 
acidic conditions

1 3 3 2 9 High

Fisheries

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and 
other habitat dependent taxa 
due to more acidic conditions

1 3 3 2 9 High

Toxins, Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
due to more acidic conditions

1 1 3 2 7 Moderate

Living Shorelines
Increased habitat and species 
disruption due to more acidic 
conditions

1 1 3 2 7 Moderate

Archeological 
Resources

Not applicable - - - - - -
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TABLE 18. Risks to stakeholder engagement caused by increasing acidiŉcation

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Public Access Not applicable - - - - - -

Public Education 
and Involvement

Decreased volunteer 
participation in activities due to 
learned helplessness and self-
efŉcacy issues

1 1 3 2 7 Low

TABLE 19. Risks to sediment and water quality caused by sea level rise

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Wastewater

Increased pollutant loadings 
from WWTP and OSTDS due to 
rising water table and sea level 
(inundation, erosion)

2 3 2 2 9 High

Surface Water
Increased pollutant loadings due 
to higher water table caused by 
sea level rise

1 1 2 2 6 Moderate

Surface Water

Increased pollutant loadings 
due from water storage and 
conveyance infrastructure caused 
by rising water table and sea level 
(inundation, erosion)

2 3 2 3 10 High

Lagoon 
Hydrology

Changes in circulation, 
groundwater and surface water 
hydrology due to rising water 
table and sea level (inundation, 
erosion)

2 3 3 2 10 High

Marina and Boat 
Pollution

Increased pollutant loadings due 
to failure of pump out facilities, 
portable toilet dump stations, fuel 
stations, and rest rooms caused 
by rising water table and sea level 
(inundation, erosion)

1 2 1 2 6 High

Atmospheric 
Deposition

Not applicable - - - - - -

Water Clarity
Decreased clarity due to erosion 
of shoreline caused by sea level 
rise

1 2 2 2 7 High

Water Clarity

Decreased clarity due to increased 
pollutant loadings from WWTP 
caused by rising water table and 
sea level (inundation, erosion)

2 3 2 3 10 High

Water Clarity

Decreased clarity due to 
increased pollutant loadings from 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 3 10 High

DO

Decreased DO availability due to 
increased pollutant loadings from 
WWTP caused by rising water 
table and sea level (inundation, 
erosion)

2 3 2 3 10 High

DO

Decreased DO availability due to 
increased pollutant loadings from 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 1 8 High
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from WWTP 
caused by rising water table and 
sea level (inundation, erosion)

2 3 2 2 9 Moderate

Chlorophyll a

Increased chlorophyll a 
concentration due to increased 
pollutant loadings from water 
storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 3 10 Moderate

Legacy Nutrients Not applicable - - - - - -

TABLE 20. Risks to natural resources caused by sea level rise

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loading from WWTP 
and OSTDS caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 2 9 High

Biodiversity

Increased habitat and species 
disruption due to increased 
pollutant loading from surface 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

1 3 2 2 8 Moderate

Biodiversity

Increased habitat and species 
disruption due to rising water 
table and sea level (inundation, 
erosion)

1 3 3 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS in response to 
rising water table and sea level 
(inundation, erosion)

2 3 2 2 9 Moderate

Seagrass

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure in response to 
rising water table and sea level 
(inundation, erosion)

2 3 2 2 9 Moderate

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to rising water 
table and sea level (inundation, 
erosion)

2 3 3 2 10 High

Wetlands and 
Impounded 
Marshes

Increased habitat and species 
disruption due to upland barriers 
to existing wetland migration 
into upland areas during sea 
level rise

3 3 3 2 11 High

Wetlands and 
Impounded 
Marshes

Change in carbon sequestration 
due to habitat and species 
disruption caused by warmer 
temperature

1 2 3 2 8 Moderate
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ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Rare, Threatened, 
Endangered, and 
SOSC

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 2 9 Moderate

Rare, Threatened, 
Endangered, and 
SOSC

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 2 9 Moderate

Rare, Threatened, 
Endangered, and 
SOSC

Increased habitat and species 
disruption due to rising water 
table and sea level (inundation, 
erosion)

1 3 3 2 9 Moderate

Fisheries

Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS caused by rising 
water table and sea level (i.e., 
inundation, erosion)

2 3 2 2 9 Moderate

Fisheries

Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level 
(inundation, erosion)

2 3 2 2 9 Moderate

Toxins, Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from WWTP and OSTDS caused 
by rising water table and sea 
level (inundation, erosion)

2 2 2 2 8 Moderate

Toxins, Infectious 
Agents, and 
Other Health 
Threats

Accelerated spread of existing or 
new threats to ecosystem health 
from surface water storage 
and conveyance infrastructure 
caused by rising water table and 
sea level (inundation, erosion)

1 1 2 2 6 Moderate

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species from WWTP and 
OSTDS caused by rising water 
table and sea level (inundation, 
erosion)

1 1 2 2 6 Moderate

Exotic and 
Invasive Species

Accelerated spread of exotic and 
invasive species from surface 
water storage and conveyance 
infrastructure caused by rising 
water table and sea level (erosion 
and inundation)

1 1 2 2 6 Moderate

Living Shorelines

Increased habitat and species 
disruption due to rising water 
table and sea level (inundation, 
erosion)

2 3 3 2 10 High

Archeological 
Resources

Increased physical and chemical 
degradation due to rising water 
table and sea level (inundation, 
erosion)

2 3 3 2 10 High
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TABLE 21. Risks to stakeholder engagement caused by sea level rise

ORGANIZATIONAL 
GOAL

RISK CONSEQUENCE LIKELIHOOD
SPATIAL 
EXTENT

TIME 
HORIZON

PRELIMINARY 
SCORE

CONFIDENCE

Public Access
Decreased access due Ŋooding of 
land or access infrastructure caused 
by rising water table and sea level

2 2 3 2 9 Moderate

Public Access
Decreased access due increased 
presence of navigational obstacles 
caused by rising sea level

2 3 3 2 10 High

Public 
Education and 
Involvement

Decreased volunteer participation in 
activities due to learned helplessness 
and self-efŉcacy issues

1 1 3 2 7 Moderate

Step 5. Risk Evaluation and Comparison

The objective of this step was to develop a consequence/
probability matrix prioritizing risks most likely to 
impact the management goals and objectives (also 
known as Action Plans) of the IRLNEP. Prioritization 
was based upon the preliminary score of each assessed 

risk (Step 4). The risks posed to each goal (i.e., sediment 
and water quality, natural resources, stakeholder 
engagement) and associated objectives were then sorted 
by the corresponding preliminary score and prioritized 
as either higher, high, or moderate. In some cases, a 
climate stressor had a beneficial outcome or caused no 
risk to the objective. Neither of these were considered 
in the risk evaluation. The higher the score, the greater 
the consequence, likelihood, spatial extent, and urgency 
of the risk. Scores of 0–6 posed the least risk and were 
characterized as a moderate priority. Scores of 9–12 
posed the greatest risk and were characterized as highest 
priority. Scores of 7–8 were characterized as high priority. 
Scoring and prioritization was initially completed by the 
project team and then made available to stakeholders for 
review and comment. The results of this collaboration and 

prioritization are summarized in Table 22. Detailed results 

of this step are included as Appendix B. Risk Evaluation.

Risks to Sediment and Water Quality Goal 
and Objectives

With regard to the IRLNEP goal of improving sediment 
and water quality, the management objectives at greatest 
risk to climate change are those associated with the 

water column: reduction in water clarity, lowering of DO, 
and elevating chlorophyll a (Table 22). Also at risk are 

objectives formulated to mitigate pollutant loading into 
the basin from the surrounding watershed: wastewater 
(WWTP, OSTDS) and surface water (stormwater, 
freshwater). Least compromised are management goals 
related to lagoon hydrology, marina and boating pollution, 
atmospheric deposition, and legacy nutrient pollution. 
Four of the five climate stressors were determined to 
exert similar level of risk to the sediment and water quality 
management goals of the IRLNEP (Figure 20).

Risks to Natural Resource Goal  
and Objectives

With regard to the IRLNEP natural resources goal, the 
management objectives at greatest risk to climate change 
are biodiversity, seagrass, rare (etc.) species, and fisheries 
(Table 22). At slightly less risk are goals related to 

wetlands, health, and exotic species. Least compromised 
are management goals associated with living shorelines 

and archeological resources. The magnitude of risk to 

the natural resource objectives of the IRLNEP caused 
by climate change (Figure 21) are greater than those to 

sediment and water quality (Figure 20), but these too are 
similarly distributed amongst four of the five stressors.
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FIGURE 20. Magnitude of risk to sediment and water 
quality goals caused by ŉve climate change stressors
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FIGURE 21. Magnitude of risk to natural resource goals 
caused by ŉve climate change stressors
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Risks to Stakeholder Engagement Goal  
and Objectives

The two management objectives associated with stakeholder 
engagement will likely be equally impacted by climate 
change with regards to the number of stressors (Table 

22). However, the magnitude of risk to public access is 
higher than education and involvement. The number 

of risks to the stakeholder engagement goals of the 

IRLNEP caused by climate change is lower than the other 
two management goals and associated primarily with 

increasing temperatures and storminess Figure 22).

GOAL
WARMER 

TEMPERATURE
CHANGES IN 

PRECIPITATION
INCREASING 
STORMINESS

ACIDIFICATION SEA LEVEL RISE SUM

HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE

SEDIMENT AND WATER QUALITY

Dissolved 
Oxygen

3 2 2
1

2 10

Water Clarity 1 2 2 1 2 1 9

Surface Water 1 1 1 1 1 1 1 1 8

Chlorophyll a 1 2 2 1 2 8

Wastewater 1 1 1 1 1 5

Marina and 
Boating 
Pollution

1 1 1 1 4

Lagoon 
Hydrology

1 1 1 3

Atmospheric 
Deposition

1 1 1 3

Legacy Nutrient 
Pollution

1 1

Sum 6 3 3 8 2 1 8 5 1 0 0 2 9 2 1 51

NATURAL RESOURCES

Biodiversity 3 2 1 2 1 1 2 1 13

Seagrass 1 3 2 1 2 1 1 2 13

Wetlands and 
Impounded 
Marshes

1 2 1 1 2 1 8

Rare, 
Threatened, 
Endangered 
Species

4 2 1 2 1 1 3 14

Fisheries 3 2 1 2 1 1 2 12

Toxins, 
Infectious 
Agents, etc.

1 2 1 1 1 1 1 8

Exotic and 
Invasive Species

2 3 2 2 9

Living 
Shorelines

1 1 1 1 1 5

Archeological 
Resources

1 1 1 1 1 5

Sum 3 19 0 9 11 0 11 5 3 6 1 0 13 3 3 87
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FIGURE 22. Magnitude of risk to stakeholder engagement 
goals caused by ŉve climate change stressors

TABLE 22. Prioritization of risks to IRLNEP management 
goals and objectives caused by climate change
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GOAL
WARMER 

TEMPERATURE
CHANGES IN 

PRECIPITATION
INCREASING 
STORMINESS

ACIDIFICATION SEA LEVEL RISE SUM

HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE HIGHER HIGH MODERATE

STAKEHOLDER ENGAGEMENT

Public Access 2 1 2 1 2 8

Public 
Education and 
Involvement

2 2 2 1 1 8

Sum 2 3 0 0 4 0 1 2 0 0 1 0 2 1 0 16

Grand Total 11 25 3 17 17 1 20 12 4 6 2 2 24 6 4 154

 
Discussion

This project evaluated 20 IRLNEP management objectives, 
organized under three goals, at risk to five climate change 
stressors. A total of 154 risks were identified (Table 22). 

The scoring, ranking, and prioritization conducted during 
this project (Phase I) were designed to provide guidance 
during the revision of the CCMP (2008) and formulation of 
specific new Action Plans to mitigate risks to the IRLNEP 
caused by climate change (i.e., Phase II).

The results of this risk evaluation were also informed 

by stakeholder comments and suggestions as described 

in Step 1 and summarized in Appendix C. Results of 

Real-Time Polling. This included input provided by real-
time polling during stakeholder meetings. A comparison 

between the project team and stakeholder risk priorities 
to sediment and water quality and natural resources is 
illustrated in Figure 23 (definitions in Table 23). The 

diagonal line represents a 1:1 match: risks plotted above 
the line identify stakeholder priorities ranked higher than 

the project team; risks plotted below the line identify 
stakeholder priorities ranked lower than the project team.

TABLE 23. Key to Figure 23

ACRONYM DEFINITION

BD Biodiversity

DO + Chl a Dissolved oxygen and chlorophyll a

F Fisheries

LH Lagoon hydrology

LNP Legacy nutrient pollutants

LS Living shorelines

SD Surface water discharge

SG Seagrass

T&E Rare, threatened, endangered species

TX Toxins, health threats

WET Wetlands

WC Water clarity

WTF Wastewater treatment facilities

There is a low negative correlation (-0.34) between the 
priority risks to sediment and water quality as identified 
by the project team and stakeholder groups. Inspection of 
risk priorities organized as a function of the county from 
which the stakeholder works reveals distinctly different 

preferences as a function of geographic identity. This in 

turn likely correlates to regional distinctions in watershed 

geomorphology, infrastructure, land use, etc. There is no 
correlation (-0.04) between the priority risks to natural 
resources identified by the project team and stakeholders. 
Again, this can be attributed to differences in geographic 
identity and regional differences within the watershed 

(Appendix C. Results of Real-Time Polling).

A comparison was made between the project team and 
stakeholder prioritization of climate stressors likely 
to impact to sediment and water quality and natural 
resources. There is a strong positive correlation (0.69) 
between the priority climate stressors to sediment 

and water quality as identified by the project team and 
stakeholder groups (Appendix C. Results of Real-Time 

Polling).
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FIGURE 23. Comparison between project team and 
stakeholder risk priorities from real-time polling
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Inspection of climate stressors to sediment and water 
quality organized as a function of the county from which 
the stakeholder works reveals their preferences are not a 

function of geographic identity. This in turn likely indicates 

stakeholder views regarding the potential effects of climate 

change stressors on sediment and water quality are 
equally applicable to the entire watershed and hence the 
strong positive correlation. There is also a strong positive 

correlation (0.72) between the climate stressors to natural 
resources identified by the project team and stakeholders. 
Again, this likely indicates stakeholder views regarding the 
potential effects of climate change stressors on natural 

resources are equally applicable to the entire watershed 
(Figure 24 with key in Table 24).

Given the limited number of options, comparison 
between the project team and stakeholder prioritization 
of stakeholder engagement was not conducted. The 

scoring, ranking, and prioritization conducted during 
Phase I of this project were designed to provide guidance 
during the revision of the CCMP (2008) and formulation 
of specific new Action Plans to mitigate risks to the 
IRLNEP caused by climate change (i.e., Phase II). Based 
upon the results of this project, there exist distinct 
geographic differences in the perception of risk that 

must be assimilated into this process.

TABLE 24. Key to Figure 24

ACRONYM DEFINITION

Acid Acidiŉcation

Ppt Precipitation

SLR Sea Level Rise

Storm Storminess

Temp Temperature

 
ONE LAGOON ADAPTATION PLAN

Step 6. Establishing the Context
The objective of this step is to explore opportunities and 
constraints that influence the IRLNEP’s climate ready 
estuary management options and develop a list of potential 

partners that could help to address the risks identified in 
the vulnerability assessment.

To complete this task, a list of potential partners was 
compiled in association with each of the action plans in 

the revised 2019 CCMP (Table 25 and Table 26). These 

partners were further categorized as “lead” or “other.” It is 
important to note that the list of partners and associated 

categories as presented in the revised CCMP was compiled 
without regard to future risks and stressors related to 

climate change. Therefore, during the remaining steps in 
this project, the team determined whether these agencies 
and organizations can help in addressing the risks 
identified in the vulnerability assessment. It is important 
to recognize that for many of the recommended actions, 
enhanced and expanded partnerships among federal, 
state, and local stakeholders will be essential for long-term 
success.

Step 7. Deciding on a Course
The objective of this step is to decide whether the IRLNEP 
will mitigate, transfer, accept, or avoid each risk.

To complete this task, all risks identified and prioritized 
in the Risk-based Vulnerability Assessment were re-
evaluated and reorganized to be consistent with the 
revised CCMP (Table 27 through Table 31). The newly 

proposed action plans at risk to each of the five climate 
stressors were identified, as were risks that will likely be 
accepted. Decisions to mitigate, transfer, or avoid were 
made in conjunction with Steps 8 and 9 (see below).

To facilitate the use of this information towards the 

formulation of new action plans and partners to address 

climate change, the data generated during Step 7 were 
integrated using Microsoft Power BI. Microsoft Power BI 
is an analytical tool that provides interactive visualizations 
and insights using a collection of software services, apps, 
and connectors. The project data can be accessed at http://
datavisual.balmoralgroup.us/IRL-Vulnerability.
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FIGURE 24. Comparison between project team and 
stakeholder climate stressor priorities from real-time 
polling
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TABLE 25. Identiŉcation of potential partners to address risks as identiŉed in the revised CCMP

MISSION
VITAL SIGN 
CATEGORY

VITAL SIGN ACTION PARTNER(S)* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2324 25

One Lagoon (OL)
Water Quality 

(WQ)
Impaired Waters IW-1 Lead X

OL WQ Impaired Waters IW-1 Other + +

OL WQ Impaired Waters IW-2 Lead X

OL WQ Impaired Waters IW-2 Other + +

OL WQ Impaired Waters IW-3 Lead X

OL WQ Impaired Waters IW-3 Other + +

OL WQ Wastewater WW-1 Lead X X

OL WQ Wastewater WW-1 Other + +

OL WQ Wastewater WW-2 Lead X

OL WQ Wastewater WW-2 Other + + +

OL WQ Wastewater WW-3 Lead X X

OL WQ Wastewater WW-3 Other + + +

OL WQ Wastewater WW-4 Lead X X

OL WQ Wastewater WW-4 Other + + + + +

OL WQ Wastewater WW-5 Lead X X

OL WQ Wastewater WW-5 Other + + + +

OL WQ Wastewater WW-6 Lead X X

OL WQ Wastewater WW-6 Other + +

OL WQ
Stormwater/ Surface 

Water
SW-1 Lead X X X

OL WQ
Stormwater/ Surface 

Water
SW-1 Other +

OL WQ
Stormwater/ Surface 

Water
SW-2 Lead X X X X X X

OL WQ
Stormwater/ Surface 

Water
SW-2 Other + + +

OL WQ
Stormwater/ Surface 

Water
SW-4 Lead X

OL WQ
Stormwater/ Surface 

Water
SW-4 Other

OL WQ
Stormwater/ Surface 

Water
SW-5 Lead X X X

OL WQ
Stormwater/ Surface 

Water
SW-5 Other + + + + + +

OL WQ
Hydrology and 

Hydrodynamics
H-1 Lead X X
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MISSION
VITAL SIGN 
CATEGORY

VITAL SIGN ACTION PARTNER(S)* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2324 25

OL WQ
Hydrology and 

Hydrodynamics
H-1 Other + +

OL WQ
Hydrology and 

Hydrodynamics
H-2 Lead X X X X X

OL WQ
Hydrology and 

Hydrodynamics
H-2 Other +

OL WQ
Hydrology and 

Hydrodynamics
H-3 Lead X X X X X

OL WQ
Hydrology and 

Hydrodynamics
H-3 Other +

OL WQ
Legacy Loads

LL-1 Lead X X

OL WQ
Legacy Loads

LL-1 Other + +

OL WQ
Atmospheric 

Deposition

Not in 

revised 

CCMP

OL WQ
Contaminants of 

Emerging Concern

Did not 

evaluate

OL
Habitat Quality 

(HQ)
Seagrass S-1 Lead X X X X

OL HQ Seagrass S-1 Other + +

OL HQ Seagrass S-2 Lead X X X X

OL HQ Seagrass S-2 Other + +

OL HQ Seagrass S-4 Lead X

OL HQ Seagrass S-4 Other + + + +

OL HQ Filter Feeders
Did not 

evaluate

OL HQ Living Shorelines LS-1 Lead X X X

OL HQ Living Shorelines LS-1 Other + + + + + +

OL HQ Living Shorelines LS-3 Lead X

OL HQ Living Shorelines LS-3 Other + + + + + + + + +

OL HQ Wetlands W-1 Lead X X

OL HQ Wetlands W-1 Other + + + +

OL HQ Spoil Islands
Did not 

evaluate

OL HQ Land Conservation
Did not 

evaluate

OL HQ Connected Waters
Did not 

evaluate

OL
Living Resources 

(LR)
Biodiversity B-1 Lead X X X X X X

OL LR Biodiversity B-1 Other +

OL LR Biodiversity B-2 Lead X X

OL LR Biodiversity B-2 Other

OL LR Biodiversity B-3 Lead X X
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MISSION
VITAL SIGN 
CATEGORY

VITAL SIGN ACTION PARTNER(S)* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2324 25

OL LR Biodiversity B-3 Other

OL LR
Species of Special 

Concern
SOC-4 Lead X X X

OL LR
Species of Special 

Concern
SOC-4 Other + + + + + +

OL LR
Exotic and Invasive 

Species

None in 

revised 

CCMP

OL LR Forage Fish
Did not 

evaluate

OL LR Fisheries F-3 Lead X X

OL LR Fisheries F-3 Other + + + + + +

OL LR
Harmful Algal 

Blooms

Did not 

evaluate

OL LR
Climate Ready 

Estuaries
Herein

One Community 

(OC)

Healthy 

Communities (HC)
Trash Free Waters

Did not 

evaluate

OC HC Marinas and Boating
Did not 

evaluate

OC HC
Distinctive Lagoon 

Communities

Did not 

evaluate

OC HC
21st Century Coastal 

Communities

Did not 

evaluate

OC HC
Emergency 

Response

Did not 

evaluate

One Voice (OV)

Communicate, 

Collaborate, 

Coordinate (C,C,C)

CCMP 

Implementation  

and Financing

Did not 

evaluate

OV C,C,C State of the Lagoon
Did not 

evaluate

OV C,C,C Monitoring and Data
Did not 

evaluate

OV C,C,C
Science and 

Technology

Did not 

evaluate

OV C,C,C
Policy 

Considerations

Did not 

evaluate

OV C,C,C Citizen Engagement CE-1 Lead X

OV C,C,C Citizen Engagement CE-1 Other + + + + +

OV C,C,C Citizen Engagement CE-2 Lead X

OV C,C,C Citizen Engagement CE-2 Other

OV C,C,C Citizen Engagement CE-3 Lead X

OV C,C,C Citizen Engagement CE-3 Other + +

* Partner key is provided in Table 26.
Lead partners are marked with an X and other potential partners are marked with a +.
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TABLE 26. Partner key

NUMBER PARTNER NUMBER PARTNER

1 USACE 18 Kennedy Space Center

2 USEPA 18 City of Rockledge

3 Natural Resources Conservation Commission 18 Sebastian Inlet Tax District

4 U.S. Fish and Wildlife Service 19 Utilities

5 NOAA National Marine Fisheries Service 20 Florida Institute of Technology

6 NOAA other 20 Stetson University

7
Florida Department of Agriculture  
and Consumer Services

20 Indian River State College

8 Florida Department of Environmental Protection 20 Harbor Branch Oceanographic Institute

9 Florida Department of Health 20 Bethune-Cookman University

10 Florida Department of Transportation 20 Embry-Riddle Aeronautical University

11 Florida Fish and Wildlife Conservation Commission 20 Eastern Florida State College

12 Florida Inland Navigation District 20 University of Central Florida

13 Indian River Soil and Water Conservation District 20 Daytona State College

14 Melbourne-Tillman Water Control District 21
University of Florida Institute of Food and  
Agricultural Sciences

15 St. Johns River Water Management District 22 WaterSHED International

16 IRLNEP 22 King Ranch

17 Basin management action plan (BMAP) partners 22 Ocean Research and Conservation Association

18 St. Lucie County Commission 22 Nature Conservancy

18 Volusia County Council 22 Audubon Florida

18 Indian River County Commission 22 Smithsonian Marine Station at Fort Pierce

18 Brevard County Commission 22 Florida Oceanographic Society

18 Martin County Commission 22 Marine Resources Center

18 Treasure Coast League of Cities 22 Hubbs-Sea World Research Institute

18 Volusia League of Cities 22 Marine Discovery Center

18 Space Coast Leagues of Cities 22 Riverside Conservancy

18 City of Sebastian 23 Consultants

18 City of Vero Beach 24 Industry

18 Canaveral Port Authority 25 Landowners
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TABLE 27. Prioritize risks and likely management options: water quality

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OL WQ IW Chlorophyll a
Warmer 

temperature

3 – Increased chlorophyll a concentration 
due to more frequent algae blooms caused 
by warmer temperature

Accept

OL WQ IW Chlorophyll a
Changes in 

precipitation

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
WWTP and OSTDS during high rainfall 
events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6,

OL WQ IW Chlorophyll a
Changes in 

precipitation

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure during high rainfall events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Chlorophyll a
Increased 

storminess

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure caused by more frequent and 
intense storm events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Chlorophyll a Sea level rise

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
water storage and conveyance infrastructure 
caused by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Chlorophyll a
Increased 

storminess

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
WWTP and OSTDS during more frequent 
and intense storm events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW Chlorophyll a Sea level rise

3 – Increased chlorophyll a concentration 
due to increased pollutant loadings from 
WWTP caused by rising water table and sea 
level (inundation, erosion)

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW Chlorophyll a
Increased 

storminess

2 – Increased chlorophyll a concentration 
due to erosion of seabed and shoreline 
caused by more frequent and intense storm 
events

See One Lagoon/
Habitat Quality/
Living Shorelines

OL WQ IW DO
Warmer 

temperature
3 – Decreased DO solubility due to warmer 
temperature

Accept

OL WQ IW DO
Warmer 

temperature

3 – Decreased DO availability due to more 
frequent algae blooms caused by warmer 
temperature

Accept

OL WQ IW DO
Changes in 

precipitation
3 – Increased pollutant loadings from WWTP 
and OSTDS high rainfall events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW DO
Changes in 

precipitation

3 – Decreased DO availability due to 
increased pollutant loadings from surface 
water storage and conveyance infrastructure 
during high rainfall events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW DO
Increased 

storminess

3 – Decreased DO availability due to 
increased pollutant loadings from surface 
water storage and conveyance infrastructure 
caused by more frequent and intense storm 
events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW DO Sea level rise

3 – Decreased DO availability due to 
increased pollutant loadings from WWTP 
caused by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6,

OL WQ IW DO Sea level rise

3 – Decreased DO availability due to 
increased pollutant loadings from water 
storage and conveyance infrastructure 
caused by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5



INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

42 | TECHNICAL REPORT 

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OL WQ IW DO
Warmer 

temperature

3 – Decreased DO availability due to 
accelerated decomposition of organic 
matter caused by warmer temperature

Accept

OL WQ IW DO
Increased 

storminess

3 – Decreased DO availability due to 
increased pollutant loadings from WWTP 
and OSTDS during more frequent and 
intense storm events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW DO
Increased 

storminess

2 – Decreased DO availability due to erosion 
of seabed and shoreline caused by caused 
by more frequent and intense storm events

See One Lagoon/
Habitat Quality/
Living Shorelines

OL WQ IW Water Clarity
Warmer 

temperature

3 – Decreased clarity due to an increase in 
the growth rates and survival of algae and 
other taxa induced by warmer temperature

Accept

OL WQ IW Water Clarity
Changes in 

precipitation

3 – Decreased clarity due to increased 
pollutant loadings from WWTP during high 
rainfall events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW Water Clarity
Changes in 

precipitation

3 – Decreased clarity due to increased 
pollutant loadings from surface water 
storage and conveyance infrastructure 
during high rainfall events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Water Clarity
Increased 

storminess

3 – Decreased clarity due to increased 
pollutant loadings from WWTP and OSTDS 
during more frequent and intense storm 
events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW Water Clarity
Increased 

storminess

3 – Decreased clarity due to increased 
pollutant loadings from surface water 
storage and conveyance infrastructure 
caused by more frequent and intense storm 
events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Water Clarity Sea level rise

3 – Decreased clarity due to increased 
pollutant loadings from WWTP caused by 
rising water table and sea level (inundation, 
erosion)

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ IW Water Clarity Sea level rise

3 – Decreased clarity due to increased 
pollutant loadings from water storage 
and conveyance infrastructure caused by 
rising water table and sea level (inundation, 
erosion)

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ IW Water Clarity
Increased 

storminess

2 – Decreased clarity due to erosion of 
seabed and shoreline caused by more 
frequent and intense storm events

See One Lagoon/
Habitat Quality/
Living Shorelines

OL WQ IW Water Clarity Sea level rise
2 – Decreased clarity due to erosion of 
shoreline caused by sea level rise

See One Lagoon/
Habitat Quality/
Living Shorelines

OL WQ WW Wastewater
Increased 

storminess

3 – Increased pollutant loadings from WWTP 
and OSTDS due to more frequent and 
intense storm events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ WW Wastewater
Changes in 

precipitation
3 – Increased pollutant loadings from WWTP 
and OSTDS during high rainfall events

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ WW Wastewater Sea level rise
3 – Increased pollutant loadings from WWTP 
and OSTDS due to rising water table and sea 
level (inundation, erosion)

IW-1, IW-2, IW-3, 
IW-4, WW-1, WW-2, 
WW-3, WW-4, WW-
5, WW-6

OL WQ WW Wastewater
Warmer 

temperature

1 – Increased pollutant loadings due to 
changes in solubility and/or toxicity caused 
by warmer temperature

Accept
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OL WQ WW Wastewater Acidiŉcation
1 – Increased pollutant loadings due to 
changes in solubility and/or toxicity caused 
by acidiŉcation of lagoon water

Accept

OL WQ SW
Surface 
Water

Changes in 
precipitation

3 – Increased pollutant loadings from surface 
water storage and conveyance infrastructure 
during high rainfall events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ SW
Surface 
Water

Increased 
storminess

3 – Increased pollutant loadings from surface 
water storage and conveyance infrastructure 
caused by more frequent and intense storm 
events

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ SW
Surface 
Water

Sea level rise

3 – Increased pollutant loadings due from 
water storage and conveyance infrastructure 
caused by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, IW-3, IW-
4, SW-1, SW-2, SW-4, 
SW-5

OL WQ SW
Surface 
Water

Warmer 
temperature

3 – Increased pollutant loadings (urban, 
rural) due to changes in solubility and/or 
toxicity caused by warmer temperature

Accept

OL WQ SW
Surface 
Water

Warmer 
temperature

2 – Increased pollutant loadings due to 
increased maintenance (cuttings, chemical 
applications) of greenspace caused by 
warmer temperature

IW-1, IW-2

OL WQ SW
Surface 
Water

Warmer 
temperature

1 – Increased pollutant loadings due to 
increased use of chemical treatments in 
surface water storage and conveyance 
infrastructure to reduce more frequent 
algae blooms or expanding invasive plants 
caused by warmer temperature

IW-1, IW-2

OL WQ SW
Surface 
Water

Acidiŉcation
1 – Increased pollutant loadings due to 
changes in solubility and/or toxicity caused 
by acidiŉcation

Accept

OL WQ SW
Surface 
Water

Sea level rise
1 – Increased pollutant loadings due to 
higher water table caused by sea level rise

Accept

OL WQ HH
Lagoon 

Hydrology
Sea level rise

3 – Changes in circulation, groundwater and 
surface water hydrology due to rising water 
table and sea level (inundation, erosion)

HH-1, HH-2, HH-3

OL WQ HH
Lagoon 

Hydrology
Warmer 

temperature
2 – Changes in thermohaline circulation due 
to warmer temperature

HH-1, HH-2, HH-3

OL WQ HH
Lagoon 

Hydrology
Changes in 

precipitation

2 – Changes in thermohaline circulation due 
to polyline conditions caused by intervals of 
higher rainfall and drought

HH-1, HH-2, HH-3

OL WQ LL
Legacy 

Nutrients
Increased 

storminess

2 – Decrease in water quality due to erosion 
and resuspension of seabed caused by more 
frequent and intense storm events

LL-1

OL WQ AD
Atmospheric 
Deposition

Warmer 
temperature

2 – Increased atmospheric deposition 
of nitrogen and other pollutants due to 
increasing demand for electricity caused by 
warmer temperature

Accept

OL WQ AD
Atmospheric 
Deposition

Changes in 
precipitation

2 – Increased atmospheric deposition of 
nitrogen and other pollutants during high 
rainfall events

Accept

OL WQ AD
Atmospheric 
Deposition

Increased 
storminess

2 – Increased atmospheric deposition of 
nitrogen and other pollutants due to more 
frequent and intense storm events

Accept

OL WQ CoC
Did not 
evaluate

* Red (3) = highest, Yellow (2) = higher, Green (1) = high
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TABLE 28. Prioritize risks and likely management options: habitat quality

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OL HQ SG Seagrass
Warmer 

temperature

3 – Increased habitat and species disruption 
due to elevated pollutant loadings from surface 
water storage and conveyance infrastructure 
caused by warmer temperature

S-1, S-2, S-4

OL HQ SG Seagrass
Warmer 

temperature
2 – Increased habitat and species disruption 
due to warmer temperature

Accept

OL HQ SG Seagrass
Warmer 

temperature

2 – Increased habitat and species disruption 
due to increased pollutant loading caused by 
changes in solubility and/or toxicity induced by 
warmer temperature

Accept

OL HQ SG Seagrass
Warmer 

temperature

2 – Change in carbon sequestration due to 
habitat and species disruption caused by 
warmer temperature

Accept

OL HQ SG Seagrass
Changes in 

precipitation

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS during high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL HQ SG Seagrass
Changes in 

precipitation

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure during high rainfall events

IW-1, IW-2, SW-1, SW-
2, SW-4, SW-5, S-2

OL HQ SG Seagrass
Changes in 

precipitation

2 – Increased habitat and species disruption 
due to polyhaline conditions caused by 
intervals of higher rainfall and extended periods 
of drought

Accept

OL HQ SG Seagrass
Increased 

storminess

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS during more frequent and 
intense storm events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL HQ SG Seagrass
Increased 

storminess

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure during more frequent and 
intense storm events

IW-1, IW-2, SW-1, SW-
2, SW-4, SW-5, S-2

OL HQ SG Seagrass
Increased 

storminess

2 – Increased habitat and species disruption 
due to erosion of seabed and shoreline caused 
by more frequent and intense storm events

See One Lagoon/
Habitat Quality/
Living Shorelines

OL HQ SG Seagrass Acidiŉcation
3 – Decreased vitality of calcifying organisms 
(i.e., shellŉsh, epiphytes) and other habitat 
dependent taxa due to more acidic conditions

Accept

OL HQ SG Seagrass Sea level rise

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS in response to rising water 
table and sea level (inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL HQ SG Seagrass Sea level rise

3 – Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure in response to rising water table 
and sea level (inundation, erosion)

IW-1, IW-2, SW-1, SW-
2, SW-4, SW-5, S-2

OL HQ FFed
Did not 
evaluate



45 

INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OL HQ LS
Living 

Shorelines
Warmer 

temperature
2 – Increased habitat and species distribution 
due to warmer temperature

Accept

OL HQ LS
Living 

Shorelines
Changes in 

precipitation

2 – Increased habitat and species distribution 
due to polyhaline conditions caused by 
intervals of higher rainfall and extended periods 
of drought

Accept

OL HQ LS
Living 

Shorelines
Increased 

storminess

3 – Increased habitat and species disruption 
due to shoreline erosion caused by more 
frequent and intense storm events

LS-1, LS-3

OL HQ LS
Living 

Shorelines
Sea level rise

3 – Increased habitat and species disruption 
due to rising water table and sea level 
(inundation, erosion)

LS-1, LS-3

OL HQ LS
Living 

Shorelines
Acidiŉcation 2 – Increased habitat and species disruption 

due to more acidic conditions
Accept

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Warmer 
temperature

3 – Increased habitat and species disruption 
due to warmer temperature

Accept

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Warmer 
temperature

2 – Increased habitat and species disruption 
due to changes in evapotranspiration

Accept

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Warmer 
temperature

2 – Change in carbon sequestration due to 
habitat and species disruption caused by 
warmer temperature

Accept

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Changes in 
precipitation

2 – Increased habitat and species disruption 
due to polyhaline conditions caused by 
intervals of higher rainfall and extended periods 
of drought

Accept

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Increased 
storminess

3 – Increased habitat and species disruption 
due to shoreline erosion caused by more 
frequent and intense storm events

See One Lagoon/
Habitat Quality/
Living Shorelines

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Sea level rise
3 – Increased habitat and species disruption 
due to rising water table and sea level 
(inundation, erosion)

W-1

OL HQ W

Wetlands 
and 

Impounded 
Marshes

Sea level rise
2 – Change in carbon sequestration due to 
habitat and species disruption caused by 
warmer temperature

Accept

OL HQ SI
Did not 
evaluate

OL HQ LC
Did not 
evaluate

OL HQ CW
Did not 
evaluate

* Red (3) = highest, Yellow (2) = higher, Green (1) = high
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TABLE 29. Prioritize risks and likely management options: living resources

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OL LR B Biodiversity
Warmer 

temperature
2 – Increased habitat and species 
disruption due to warmer temperature

Accept

OL LR B Biodiversity
Warmer 

temperature

2 – Increased habitat and species 
disruption due to elevated pollutant 
loadings caused by changes in solubility 
and/or toxicity induced by warmer 
temperature

Accept

OL LR B Biodiversity
Warmer 

temperature

2 – Increased habitat and species 
disruption due to elevated pollutant 
loadings in surface water storage and 
conveyance infrastructure caused by 
caused by longer growing season induced 
by warmer temperature

Accept

OL LR B Biodiversity
Changes in 

precipitation

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from WWTP and OSTDS during 
high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6

OL LR B Biodiversity
Changes in 

precipitation

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from surface water storage and 
conveyance infrastructure caused by high 
rainfall events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5, 
B-2

OL LR B Biodiversity
Changes in 

precipitation

2 – Increased habitat and species 
disruption due to polyhaline conditions 
caused by intervals of higher rainfall and 
extended periods of drought

Accept

OL LR B Biodiversity
Increased 

storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from WWTP and OSTDS during 
more frequent and intense storm events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR B Biodiversity
Increased 

storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from surface water storage and 
conveyance infrastructure during more 
frequent and intense storm events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5, 
B-2

OL LR B Biodiversity
Increased 

storminess

2 – Increased habitat and species 
disruption due to erosion of seabed and 
shoreline caused by more frequent and 
intense storm events

LS-1, LS-3, LS-4, LS-5

OL LR B Biodiversity Acidiŉcation

3 – Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other habitat 
dependent taxa due to more acidic 
conditions

Accept

OL LR B Biodiversity
Sea level 

rise

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from WWTP and OSTDS caused 
by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR B Biodiversity
Sea level 

rise

3 – Increased habitat and species 
disruption due to rising water table and 
sea level (inundation, erosion)

B-1, B-2, B-3
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STRATEGY

OL LR B Biodiversity
Sea level 

rise

2 – Increased habitat and species 
disruption due to increased pollutant 
loading from surface water storage 
and conveyance infrastructure caused 
by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Warmer 
temperature

2 – Increased habitat and species 
disruption due to warmer temperature

Accept

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Warmer 
temperature

2 – Increased habitat and species 
disruption due to lower oxygen solubility 
caused by warmer temperature

Accept

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Warmer 
temperature

2 – Increased habitat and species 
disruption due to lower oxygen availability 
cause by more frequent algae blooms 
induced by warmer temperature

LS-1, LS-3, LS-4, LS-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Warmer 
temperature

2 – Increased habitat and species 
disruption due to lower oxygen availability 
caused by accelerated growth and decay 
of invasive plants within basin induced by 
warmer temperature

LS-1, LS-3, LS-4, LS-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Changes in 
precipitation

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from WWTP and OSTDS during 
high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Changes in 
precipitation

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from surface water storage and 
conveyance infrastructure during high 
rainfall events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Changes in 
precipitation

2 – Increased habitat and species 
disruption due to polyhaline conditions 
caused by intervals of higher rainfall and 
extended periods of drought

Accept

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Increased 
storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from WWTP and OSTDS during 
more frequent and intense storm events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Increased 
storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loading from surface water storage and 
conveyance infrastructure during more 
frequent and intense storm events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Increased 
storminess

2 – Increased habitat and species 
disruption due to erosion of seabed and 
shoreline caused by more frequent and 
intense storm events

LS-1, LS-3, LS-4, LS-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Acidiŉcation

3 – Decreased vitality of calcifying 
organisms (i.e., shellŉsh, epiphytes) and 
other habitat dependent taxa due to more 
acidic conditions

Accept
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OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Sea level 
rise

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from WWTP and OSTDS caused 
by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Sea level 
rise

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from surface water storage 
and conveyance infrastructure caused 
by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR SoC

Rare, 
Threatened, 
Endangered, 

and SOSC

Sea level 
rise

3 – Increased habitat and species 
disruption due to rising water table and 
sea level (inundation, erosion)

LS-1, LS-3, LS-4, LS-
5, SOC-4

OL LR InS
Exotic and 

Invasive 
Species

Warmer 
temperature

2 – Accelerated spread of exotic 
and invasive species due to warmer 
temperature

Accept

OL LR InS
Exotic and 

Invasive
Warmer 

temperature

2 – Accelerated spread of exotic and 
invasive species due to increased wildŉres 
caused by warmer temperature

Accept

OL LR InS Species
Changes in 

precipitation

2 – Accelerated spread of exotic and 
invasive species due to polyhaline 
conditions caused by intervals of higher 
rainfall and extended periods of drought

Accept

OL LR InS
Exotic and 

Invasive
Changes in 

precipitation

2 – Accelerated spread of exotic and 
invasive species from WWTP and OSTDS 
during high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR InS Species
Changes in 

precipitation

2 – Accelerated spread of exotic and 
invasive species from surface water 
storage and conveyance infrastructure 
during high rainfall events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR InS
Exotic and 

Invasive
Increased 

storminess

1 – Accelerated spread of exotic and 
invasive species from WWTP and OSTDS 
during more frequent and intense storm 
events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR InS Species
Increased 

storminess

1 – Accelerated spread of exotic and 
invasive species from surface water 
storage and conveyance infrastructure 
during more frequent and intense storm 
events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR InS
Exotic and 

Invasive
Sea level 

rise

1 – Accelerated spread of exotic and 
invasive species from WWTP and OSTDS 
caused by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR InS Species
Sea level 

rise

1 – Accelerated spread of exotic and 
invasive species from surface water 
storage and conveyance infrastructure 
caused by rising water table and sea level 
(erosion and inundation)

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR FFish
Did not 
evaluate
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OL LR CRF Fisheries
Warmer 

temperature
2 – Increased habitat and species 
disruption due to warmer temperature

Accept

OL LR CRF Fisheries
Warmer 

temperature

2 – Increased habitat and species 
disruption due to lower oxygen solubility 
caused by warmer temperature

Accept

OL LR CRF Fisheries
Warmer 

temperature

2 – Increased habitat and species 
disruption due to lower oxygen availability 
cause by more frequent algae blooms 
induced by warmer temperature

See One Lagoon/
Water Quality/
Impaired Waters

OL LR CRF Fisheries
Changes in 

precipitation

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from WWTP and OSTDS during 
high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR CRF Fisheries
Changes in 

precipitation

3 – Increased habitat and species 
disruption from surface water storage and 
conveyance infrastructure during high 
rainfall events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR CRF Fisheries
Changes in 

precipitation

2 – Increased habitat and species 
disruption due to polyhaline conditions 
caused by intervals of higher rainfall and 
extended periods of drought

Accept

OL LR CRF Fisheries
Increased 

storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from WWTP and OSTDS during 
more frequent and intense storm events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR CRF Fisheries
Increased 

storminess

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from surface water storage and 
conveyance infrastructure during more 
frequent and intense storm events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR CRF Fisheries
Increased 

storminess

2 – Increased habitat and species 
disruption due to seabed and shoreline 
erosion caused by more frequent and 
intense storm events

LS-1, LS-3, LS-4, LS-
5, F-3

OL LR CRF Fisheries Acidiŉcation

3 – Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other habitat 
dependent taxa due to more acidic 
conditions

Accept

OL LR CRF Fisheries
Sea level 

rise

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from WWTP and OSTDS caused 
by rising water table and sea level (i.e., 
inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

OL LR CRF Fisheries
Sea level 

rise

3 – Increased habitat and species 
disruption due to increased pollutant 
loadings from surface water storage 
and conveyance infrastructure caused 
by rising water table and sea level 
(inundation, erosion)

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

OL LR HAB
Did not 
evaluate

OL LR CRE Herein
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MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

Archeological 
Resources

Warmer 
temperature

2 – Increased biological and chemical 
degradation due to warmer temperature

Accept

Archeological 
Resources

Changes in 
precipitation

2 – Increased chemical degradation due to 
higher rainfall

Accept

Archeological 
Resources

Increased 
storminess

3 – Increased physical and chemical 
degradation due to shoreline erosion 
and Ŋooding during more frequent and 
intense storm events

LS-1, LS-3, LS-4, LS-5

Archeological 
Resources

Sea level 
rise

3 – Increased physical and chemical 
degradation due to rising water table and 
sea level (inundation, erosion)

LS-1, LS-3, LS-4, LS-5

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Warmer 
temperature

3 – Accelerated spread of existing or 
new threats to ecosystem health due to 
warmer temperature

Accept

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Changes in 
precipitation

2 – Accelerated spread of existing or 
new threats to ecosystem health from 
surface water storage and conveyance 
infrastructure during high rainfall events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

Not 
included 
in revised 

CCMP

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Changes in 
precipitation

2 – Accelerated spread of existing or new 
threats to ecosystem health from WWTP 
and OSTDS during high rainfall events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Increased 
storminess

2 – Accelerated spread of existing or new 
threats to ecosystem health from WWTP 
and OSTDS during more frequent and 
intense storm events

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Increased 
storminess

1 – Accelerated spread of existing or 
new threats to ecosystem health from 
surface water storage and conveyance 
infrastructure during more frequent and 
intense storm events

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Acidiŉcation
2 – Accelerated spread of existing or new 
threats to ecosystem health due to more 
acidic conditions

Accept

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Sea level 
rise

2 – Accelerated spread of existing or new 
threats to ecosystem health from WWTP 
and OSTDS caused by rising water table 
and sea level (inundation, erosion)

IW-1, IW-2, WW-1, 
WW-2, WW-3, WW-
4, WW-5, WW-6,

Toxins, 
Infectious 

Agents, and 
Other Health 

Threats

Sea level 
rise

1 – Accelerated spread of existing or 
new threats to ecosystem health from 
surface water storage and conveyance 
infrastructure caused by rising water table 
and sea level (inundation, erosion)

IW-1, IW-2, SW-1, 
SW-2, SW-4, SW-5

* Red (3) = highest, Yellow (2) = higher, Green (1) = high
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TABLE 30. Prioritize risks and likely management options: healthy communities

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OC HC VCC
Did not 
evaluate

OC HC TFW
Did not 
evaluate

OC HC M&B
Marina and 

Boat Pollution
Increased 

storminess

1 – Increased pollutant loadings from access 
facilities and associated infrastructure due 
to increased coastal erosion caused by more 
frequent and intense storm events

No relevant Action 
Plans listed in revised 
CCMP

OC HC M&B
Marina and 

Boat Pollution
Sea level 

rise

1 – Increased pollutant loadings due to 
failure of pump out facilities, portable toilet 
dump stations, fuel stations, and rest rooms 
caused by rising water table and sea level 
(inundation, erosion)

No relevant Action 
Plans listed in revised 
CCMP

OC HC M&B
Marina and 

Boat Pollution
Warmer 

temperature

1 – Increased pollutant loadings from site 
runoff due to changes in solubility and/or 
toxicity caused by warmer temperature

Accept

OC HC M&B
Marina and 

Boat Pollution
Changes in 

precipitation

1 – Increased pollutant loadings from site 
runoff during high rainfall events, especially 
after extended periods of drought

No relevant Action 
Plans listed in revised 
CCMP

OC HC
Marina and 

Boat Pollution
Increased 

storminess

Reduced pollutant loadings due to decrease 
in number of recreational boating days 
caused by more frequent and intense storm 
events

OC HC
Marina and 

Boat Pollution
Acidiŉcation Not applicable

OC HC DLC
Did not 
evaluate

OC HC EPR
Did not 
evaluate

* Red (3) = highest, Yellow (2) = higher, Green (1) = high

TABLE 31. Prioritize risks and likely management options: communicate, collaborate, coordinate

MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OV C, C, C MDS
Did not 
evaluate

OV C, C, C SoL
Did not 
evaluate

OV C, C, C TI
Did not 
evaluate

OV C, C, C CCMP
Did not 
evaluate

OV C, C, C
Citizen 

Engagement
Public Access

Warmer 
temperature

3 – Decreased recreational activities due to 
accelerated spread of existing or new viral, 
bacterial, fungal, and parasitic infections 
caused by warmer temperature

CE-1, CE-2, CE-3

OV C, C, C
Citizen 

Engagement
Public Access Sea level rise

3 – Decreased access due increased 
presence of navigational obstacles caused 
by rising sea level

No relevant action 
plans in revised 
CCMP

OV C, C, C
Citizen 

Engagement
Public Access

Warmer 
temperature

3 – Decreased recreational activities due to 
reduced water clarity caused by increased 
pollutant loadings

See One Lagoon/
Water Quality
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MISSION CATEGORY VITAL SIGN GOAL STRESSOR RISK* LIKELY MANAGEMENT 
STRATEGY

OV C, C, C
Citizen 

Engagement
Public Access

Increased 
storminess

3 – Decreased recreational activities, 
especially boating related, due to failure 
of infrastructure caused by more frequent 
and intense storm events

No relevant action 
plans in revised 
CCMP

OV C, C, C
Citizen 

Engagement
Public Access Sea level rise

3 – Decreased access due Ŋooding of land 
or access infrastructure caused by rising 
water table and sea level

No relevant action 
plans in revised 
CCMP

OV C, C, C
Citizen 

Engagement
Public Access

Changes in 
precipitation

2 – Decreased recreational activities due to 
increased habitat and species disruption 
due to polyhaline conditions caused by 
intervals of higher rainfall and extended 
periods of drought

Accept

OV C, C, C
Citizen 

Engagement
Public Access

Warmer 
temperature

2 – Decreased recreational activities due to 
warmer temperature

Accept

OV C, C, C
Citizen 

Engagement
Public Access

Changes in 
precipitation

2 – Decreased recreational activities due to 
increased number of high rainfall events

Accept

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Warmer 
temperature

2 – Decreased volunteer participation in 
activities due to warmer temperature

Accept

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Warmer 
temperature

2 – Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

CE-1, CE-2, CE-3

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Changes in 
precipitation

2 – Decreased volunteer participation in 
activities due to increased number of high 
rainfall events

Accept

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Changes in 
precipitation

2 – Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

CE-1, CE-2, CE-3

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Increased 
storminess

2 – Decreased volunteer participation 
in activities due to more frequent and 
intense storm events

Accept

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Increased 
storminess

2 – Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

CE-1, CE-2, CE-3

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Acidiŉcation
2 – Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

CE-1, CE-2, CE-3

OV C, C, C
Citizen 

Engagement

Public 
Education 

and 
Involvement

Sea level rise
2 – Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

CE-1, CE-2, CE-3

OV C, C, C FSLPO
Did not 
evaluate

* Red (3) = highest, Yellow (2) = higher, Green (1) = high
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Steps 8a and 8b. Finding and Selecting Adaptation Actions
The objective of this step is to rank IRL adaptation actions to reduce priority risks. Analysis of the 154 Action Plans 
associated with the 32 Vital Signs contained in the revised IRLNEP CCMP (IRLNEP 2019) yielded 472 risks posed by the 
five climate change stressors. The number of risks exceeds the number of Action Plans because each Plan may be subject 
to more than one risk. These are summarized in Table 32, along with the level of threat associated with each risk. This 
can be replicated using the Microsoft Power BI tool used in Step 7.

The results indicate the category Water Quality, and especially the Vital Signs Impaired Waters, Wastewater (WWTP, 
OSTDS), and Surface Water Storage and Conveyance Systems, are the most vulnerable key indicators to climate change 
with regards to both the number of CCMP Action Plans negatively affected and level of risk. The most frequent stressors 
to all Vital Signs are changes in precipitation, storminess, and sea level rise. Based upon these results, nine high-priority 
adaptation actions have been formulated to reduce anthropogenic pollutant loading caused by these three stressors 

(Table 33). A majority of the other 32 Vital Signs and related Action Plans are also expected to benefit from the pursuit 
of these adaptation actions given all are interconnected by biological, chemical, and physical processes operating within 
the IRL watershed.

TABLE 32. Number and level of risks to IRL Vital Signs most at risk to ŉve climate change stressors

CATEGORY AND VITAL 
SIGN

TEMPERATURE PRECIPITATION STORMS PH
SEA LEVEL 

RISE
SUM ACCEPT

HIGHER 
RISK

HIGH 
RISK

MODERATE 
RISK

SUM

WATER QUALITY

Impaired waters (IW) 5 54 57 0 55 171 5 162 4 0 166

Wastewater (WW) 1 10 10 1 10 32 2 30 0 30

Stormwater and 
surface water (SW)

5 8 8 1 9 31 3 24 2 2 28

Hydrology and 
hydrodynamics (HH)

3 3 0 0 3 9 0 3 6 0 9

Legacy loads and 
healthy sediments 
(LL)

0 0 1 0 0 1 0 0 1 0 1

Atmospheric 
deposition (AD)

1 1 1 0 0 3 3 0 0 0 0

Sum 15 76 77 2 77 247 13 219 13 2 234

HABITATS

Seagrass (S) 6 16 15 1 14 52 5 47 0 0 47

Living shorelines (LS) 1 1 2 1 2 7 3 0 4 0 4

Wetlands and 
impounded/ altered 
marshes (W)

3 1 0 0 2 6 5 1 0 0 1

Sum 10 18 17 2 18 65 13 48 4 0 52

LIVING RESOURCES

Biodiversity (B) 3 16 11 1 17 48 5 33 10 0 43

Species of concern 
(SoC)

10 15 18 1 19 63 4 47 12 0 59

Invasive species (InS) 2 15 14 0 14 45 3 14 28 0 42

Commercial and 
recreational ŉsheries 
(CRF)

3 15 19 1 14 52 4 42 6 0 48

Sum 15 45 51 2 47 160 11 103 46 0 149

Grand Total 40 139 145 6 142 472 37 370 63 2 435
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TABLE 33. Nine adaptation actions identiŉed to reduce risk to IRLNEP caused by predominant  
climate change stressors

STRESSOR ADAPTATION ACTION

Precipitation Reduce pollutant loadings from WWTP during high rainfall events

Precipitation Reduce pollutant loadings from OSTDS during high rainfall events

Precipitation
Reduce pollutant loadings from surface water storage and conveyance infrastructure during high rainfall 
events

Storms Reduce pollutant loadings from WWTP due to more frequent and intense storms

Storms Reduce pollutant loadings from OSTDS due to more frequent and intense storms

Storms
Reduce pollutant loadings from surface water storage and conveyance infrastructure due to more frequent 
and intense storms

Sea Level Rise Reduce pollutant loadings from WWTP caused by rising water table and sea level (inundation, erosion)

Sea Level Rise Reduce pollutant loadings from OSTDS caused by rising water table and sea level (inundation, erosion)

Sea Level Rise
Reduce pollutant loadings from surface water storage and conveyance infrastructure caused by rising water 
table and sea level (inundation, erosion)

Step 9. Preparing an Action Plan
The objective of this step is to incorporate the Climate 
Ready Action Plan into CCMP. Nine Action Plans are 
proposed as an initial step towards reducing risks to the 

IRL watershed caused by increased pollutant loadings from 
WWTP, OSTDS, and Surface Water Storage and Conveyance 
Systems compromised by the three predominant climate 

stressors. Each plan consists of the following five steps:

1.	Construct a georeferenced map of all WWTP, OSTDS, and 
Surface Water Storage and Conveyance Systems, including 
(invert) elevations, proximity to groundwater table and 
IRL shoreline, and service area.
2.	Evaluate integrity of all WWTP, OSTDS, and Surface 
Water Storage and Conveyance Systems (age, design life, 
service history).

3.	Evaluate the vulnerability of all WWTP, OSTDS, and 
Surface Water Storage and Conveyance Systems to the 
three predominant climate change stressors.

4.	Prioritize risks to all WWTP, OSTDS, Surface Water 
Storage and Conveyance Systems based upon information 
generated in Steps 1–3. Consider prioritizing risks by 
generating a numerical score based upon an assessment 

of the consequences, spatial scale, likelihood, and urgency.
5.	Prepare a Climate Change Adaptation Strategy 
containing a comprehensive set of goals and objectives to 
mitigate the risks to priority at-risk WWTP, OSTDS, Surface 
Water Storage and Conveyance Systems.

A document describing the details of the proposed action 

plans, prepared in a format consistent with the action 
plans included in the revised CCMP, is included Appendix 

E. Climate Ready Estuary Action Plan.

Step 10. Monitoring and Review
The objective of this step is to construct a framework to 
efficiently monitor and review the implementation and 
effectiveness of the IRL Climate Ready Estuary Action Plan.

Elevated pollutant loadings caused by climate change will 

likely complicate the ability of existing state programs (i.e., 
BMAPs and reasonable assurance plans or RAPs) to meet 
their respective water quality targets or TMDLs within the 
IRL watershed. Therefore, a partnership between IRLNEP 
and DEP should be established specifically to collaborate 
on the monitoring and review of mitigative strategies 
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(i.e., DEP BMAP, IRL Climate Ready Estuary Action Plan) 
designed to reduce water quality impairment caused 
by excessive nutrient loading within the IRL watershed 
(Figure 25). Both programs have a dedicated leadership 
structure, common goals and related action plans to 
improve water quality through nutrient reduction. There 
also exists an established stakeholder network (Appendix 

D. Organizational Network of RAP and BMAP Partners 

in the IRL Watershed), funding stream, and monitoring/
reporting protocol that could be strengthened through 

collaboration.

To ensure the mitigation strategies associated with this 

partnership reflect current field conditions and state 
of knowledge, periodic (5 and/or 10 year) review and 
revision is recommended. Topics to consider include an 

evaluation of (1) progress towards reduction nutrients, 

(2) climate change stressors, (3) population growth and 
related changes in land use, and (4) ecological response 
of the estuary to natural and anthropogenic forces  

(Figure 25).

In summary, to significantly reduce IRL water quality 
impairment caused by changes in historical/future land 
use changes and climate change stressors, the input of 
nutrient pollution (i.e., nitrogen and phosphorous) from 
OSTDS, WWTP, and Surface Water Storage and Conveyance 
System infrastructure must be reduced. This will improve 

water quality, reduce impairment, and stimulate the 
recovery of a more resilient, climate ready estuary. 
Investment in wastewater and stormwater infrastructure 
improvements will also decrease the vulnerability of the 

human-built infrastructure to storms, climate change, and 
sea level rise within the IRL watershed.

FIGURE 25. Integrated delivery system for a climate ready Indian River Lagoon

Note: AP = action plan
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Appendix A.  Risk Identi˛cation
TABLE A-1

ISSUE ACTION OBJECTIVE WATER TEMPERATURE CHANGES IN PRECIPITATION

Wastewater Improve infrastructure to reduce 
or remove human sources of 
waste to IRL

Attain and maintain water and 
sediment of sufŉcient quality 
to support a healthy estuarine 
ecosystem

	» Decreased pollutant loadings due to 
increased bioremediation effectiveness 
caused by warmer temperatures

	» Increased pollutant loadings due 
to changes in solubility and/or toxicity 
caused by warmer temperature

Increased pollutant loadings from 
WWTP and OSTDS during high 
rainfall events caused by acidiŉcation of lagoon water

Surface Water (storm 
and fresh)

Reduce surface water discharge 
and pollutant loads to IRL

Attain and maintain water and 
sediment of sufŉcient quality 
to support a healthy estuarine 
ecosystem

	» Increased pollutant loadings (urban, 
rural) due to changes in solubility and/or 
toxicity caused by warmer temperature

	» Increased pollutant loadings due to 
increased use of chemical treatments in 
surface water storage and conveyance 
systems to reduce more frequent algae 
blooms or expanding invasive plants 
caused by warmer temperature

	» Increased pollutant loadings due 
to increased maintenance (cuttings, 
chemical applications) of greenspace 
caused by warmer temperature

Increased pollutant loadings 
from surface water storage and 
conveyance infrastructure during 
high rainfall events

caused by acidiŉcation

Lagoon Hydrology 
(groundwater, natural 
˜ow)

Enhance scientiŉc understanding 
of basin hydrology

Provide scientiŉc knowledge 
to better inform and advise 
strategies to support a healthy 
estuarine ecosystem

Changes in thermohaline circulation due 
to warmer temperature

Changes in thermohaline 
circulation due to polyline 
conditions caused by intervals of 
higher rainfall and drought

Marina and Boating 
Pollution

Implement marina and boating 
education and management 
plans to reduce impacts to 
ecosystem

Reduction of nutrient and 
chemical pollutant loading, 
seabed disturbance and trash

Increased pollutant loadings from site 
runoff due to changes in solubility and/or 
toxicity caused by warmer temperature

Increased pollutant loadings from 
site runoff during high rainfall 
events, especially after extended 
periods of drought

Atmospheric 
Deposition

Research, develop and 
implement strategies to 
reduce or remove atmospheric 
pollutants

Reduce nitrogen Ŋux Increased atmospheric deposition of 
nitrogen and other pollutants due to 
increasing demand for electricity caused 
by warmer temperature

Increased atmospheric deposition 
of nitrogen and other pollutants 
during high rainfall events

Water Clarity Implement strategies to improve 
water clarity

Attain and maintain water 
clarity sufŉcient to support a 
healthy estuarine ecosystem

Decreased clarity due to an increase in 
the growth rates and survival of algae 
and other taxa induced by warmer 
temperature

	» Decreased clarity due to 
increased pollutant loadings from 
WWTP and OSTDS during high 
rainfall events

	» Decreased clarity due to 
increased pollutant loadings 
from surface water storage and 
conveyance infrastructure during 
high rainfall events
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Risk Identi˛cation
TABLE A-1

INCREASING STORMINESS ACIDIFICATION SEA LEVEL RISE CONSISTENCY WITH CCMP

sediment of sufŉcient quality 
Increased pollutant loadings from WWTP 
and OSTDS due to more frequent and intense 
storm events

Increased pollutant loadings due to 
changes in solubility and/or toxicity 
caused by acidiŉcation of lagoon water

Increased pollutant loadings from WWTP and 
OSTDS due to rising water table and sea level 
(erosion, inundation)

Updated

sediment of sufŉcient quality 
Increased pollutant loadings from surface 
water storage and conveyance infrastructure 
caused by more frequent and intense storm 
events

Increased pollutant loadings due to 
changes in solubility and/or toxicity 
caused by acidiŉcation

	» Increased pollutant loadings due to higher 
water table caused by sea level rise

	» Increased pollutant loadings due from 
water storage and conveyance infrastructure 
caused by rising water table and sea level 
(erosion, inundation)

Updated

˜ow)

Enhance scientiŉc understanding Provide scientiŉc knowledge Changes in circulation, groundwater and 
surface water hydrology due to rising water 
table and sea level (erosion, inundation)

New

	» Reduced pollutant loadings due to decrease 
in number of recreational boating days caused 
by more frequent and intense storm events

	» Increased pollutant loadings from access 
facilities and associated infrastructure due 
to increased coastal erosion caused by more 
frequent and intense storm events

Increased pollutant loadings due to failure 
of pump out facilities, portable toilet dump 
stations, fuel stations, and rest rooms caused 
by rising water table and sea level (erosion, 
inundation)

Updated

Reduce nitrogen Ŋux Increased atmospheric deposition of nitrogen 
and other pollutants due to more frequent and 
intense storm events

Updated

clarity sufŉcient to support a 
	» Decreased clarity due to erosion of seabed 

and shoreline caused by more frequent and 
intense storm events

	» Decreased clarity due to increased pollutant 
loadings from WWTP and OSTDS during more 
frequent and intense storm events

	» Decreased clarity due to increased pollutant 
loadings from surface water storage and 
conveyance infrastructure caused by more 
frequent and intense storm events

	» Increased clarity due to reduction in erosion 
of seabed caused by caused by increased 
bathymetry

	» Decreased clarity due to erosion of 
shoreline caused by sea level rise

	» Decreased clarity due to increased 
pollutant loadings from WWTP caused by 
rising water table and sea level (erosion, 
inundation)

	» Decreased clarity due to increased 
pollutant loadings from water storage and 
conveyance infrastructure caused by rising 
water table and sea level (erosion, inundation)

Not listed
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ISSUE ACTION OBJECTIVE WATER TEMPERATURE CHANGES IN PRECIPITATION

DO Implement strategies to increase 
DO content

Reduce frequency and duration 
of low DO events sufŉcient to 
support a healthy estuarine 
ecosystem

	» Decreased DO solubility due to warmer 
temperature

	» Decreased DO availability due to 
accelerated decomposition of organic 
matter caused by warmer temperature

	» Decreased DO availability due to more 
frequent algae blooms caused by warmer 
temperature

	» Increased pollutant loadings 
from WWTP and OSTDS high 
rainfall events

	» Decreased DO availability due 
to increased pollutant loadings 
from surface water storage and 
conveyance infrastructure during 
high rainfall events

Chlorophyll a Implement strategies to reduce 
chlorophyll a

Reduce frequency and duration 
of elevated chlorophyll a events 
sufŉcient to support a healthy 
estuarine ecosystem

Increased chlorophyll a concentration due 
to more frequent algae blooms caused by 
warmer temperature

	» Increased chlorophyll a 
concentration due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

	» Increased chlorophyll a 
concentration due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

Legacy Nutrient, 
Pollutant, and 
Sediment Loads

Implement strategies to remove 
and/or reduce muck

Restore natural sediments, 
decrease turbidity and nutrient 
Ŋux sufŉcient to support a 
healthy estuarine ecosystem

Modiŉed

Biodiversity Develop a management strategy 
based upon a comprehensive 
assessment of biodiversity

Restore and protect biodiversity 	» Increased habitat and species 
disruption/migration due to warmer 
temperature

	» Increased habitat and species 
disruption due to elevated pollutant 
loadings caused by changes in solubility 
and/or toxicity induced by warmer 
temperature

	» Increased habitat and species 
disruption due to elevated pollutant 
loadings in surface water storage and 
conveyance infrastructure caused by 
caused by longer growing season induced 
by warmer temperature

	» Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

	» Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

	» Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure caused by high 
rainfall events

organisms (i.e., shellŉsh) and other 

Seagrass Support the implementation of 
a strategy to restore and protect 
seagrass habitat

Restore and protect a 
functioning ecosystem

	» Increased habitat and species 
disruption due to warmer temperature

	» Increased habitat and species 
disruption due to increased pollutant 
loading caused by changes in solubility 
and/or toxicity induced by warmer 
temperature

	» Increased habitat and species 
disruption due to elevated pollutant 
loadings from surface water storage and 
conveyance infrastructure caused by 
warmer temperature

	» Increased in carbon sequestration due 
to increased coverage caused by warmer 
temperature

	» Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

	» Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

	» Increased habitat and species 
disruption due to increased 
pollutant loadings from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

organisms (i.e., shellŉsh) and other 

due to submergence and Ŋooding of upland 
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INCREASING STORMINESS ACIDIFICATION SEA LEVEL RISE CONSISTENCY WITH CCMP

of low DO events sufŉcient to 
	» Decreased DO availability due to erosion 

of seabed and shoreline caused by caused by 
more frequent and intense storm events

	» Decreased DO availability due to increased 
pollutant loadings from WWTP and OSTDS 
during more frequent and intense storm 
events

	» Decreased DO availability due to increased 
pollutant loadings from surface water storage 
and conveyance infrastructure caused by more 
frequent and intense storm events

	» Decreased DO availability due to increased 
pollutant loadings from WWTP caused by 
rising water table and sea level (erosion, 
inundation)

	» Decreased DO availability due to increased 
pollutant loadings from water storage and 
conveyance infrastructure caused by rising 
water table and sea level (erosion, inundation)

Not listed

sufŉcient to support a healthy 

	» Increased chlorophyll a concentration due 
to erosion of seabed and shoreline caused by 
more frequent and intense storm events

	» Increased chlorophyll a concentration due 
to increased pollutant loadings from WWTP 
and OSTDS during more frequent and intense 
storm events

	» Increased chlorophyll a concentration due 
to increased pollutant loadings from surface 
water storage and conveyance infrastructure 
caused by more frequent and intense storm 
events

	» Increased chlorophyll a concentration due 
to increased pollutant loadings from WWTP 
caused by rising water table and sea level 
(erosion, inundation)

	» Increased chlorophyll a concentration 
due to increased pollutant loadings from 
water storage and conveyance infrastructure 
caused by rising water table and sea level 
(erosion, inundation)

Not listed

Ŋux sufŉcient to support a 

Decrease in water quality due to erosion 
and resuspension of seabed caused by more 
frequent and intense storm events

Decreased muck redistribution due to 
reduction in erosion of seabed by increased 
bathymetry

Modiŉed

	» Increased habitat and species disruption 
due to seabed and shoreline erosion caused by 
more frequent and intense storm events

	» Increased habitat and species disruption 
due to increased pollutant loading from WWTP 
and OSTDS during more frequent and intense 
storm events

	» Increased habitat and species disruption due 
to increased pollutant loading from surface 
water storage and conveyance infrastructure 
during more frequent and intense storm 
events

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more 
acidic conditions

	» Decreased habitat and species disruption 
due to less seabed erosion caused by 
deepening bathymetry

	» Increased habitat and species disruption 
due to increased pollutant loading from 
WWTP and OSTDS caused by rising water 
table and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to increased pollutant loading from 
surface water storage and conveyance 
infrastructure caused by rising water table 
and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to rising water table and sea level 
(inundation, erosion)

Updated

	» Increased habitat and species disruption due 
to erosion of seabed and shoreline caused by 
more frequent and intense storm events

	» Increased habitat and species disruption due 
to increased pollutant loadings from WWTP 
and OSTDS during more frequent and intense 
storm events

	» Increased habitat and species disruption due 
to increased pollutant loadings from surface 
water storage and conveyance infrastructure 
during more frequent and intense storm 
events

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more 
acidic conditions

	» Decreased habitat and species disruption 
due to less seabed erosion and increased 
water clarity caused by deepening 
bathymetry

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS in response to rising water 
table and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure in response to rising water 
table and sea level (inundation, erosion)

	» Increased habitat and species opportunities 
due to submergence and Ŋooding of upland 
areas caused by sea level rise

Updated
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ISSUE ACTION OBJECTIVE WATER TEMPERATURE CHANGES IN PRECIPITATION

Wetlands and 
Impounded Marshes

Support the implementation of 
a strategy to restore and protect 
wetland habitat

Restore and maintain a 
functioning ecosystem

	» Increased habitat and species 
disruption due to warmer temperature

	» Increased habitat and species 
disruption due to changes in 
evapotranspiration

	» Increased carbon sequestration due to 
transition expansion of mangrove habitat 
caused by warmer temperature

Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought due to submergence and Ŋooding of upland 

Rare, Threatened, 
Endangered, and SOSC

Support the implementation of a 
strategy to protect and manage 
species

Species recovery 	» Increased habitat and species 
disruption due to warmer temperature

	» Increased habitat and species 
disruption due to lower oxygen solubility 
caused by warmer temperature

	» Increased habitat and species 
disruption due to lower oxygen availability 
cause by more frequent algae blooms 
induced by warmer temperature

	» Increased habitat and species 
disruption due to lower oxygen availability 
caused by accelerated growth and decay 
of invasive plants within basin induced by 
warmer temperature

	» Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

	» Increased habitat and species 
disruption due to increased 
pollutant loading from WWTP 
and OSTDS during high rainfall 
events

	» Increased habitat and species 
disruption due to increased 
pollutant loading from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

organisms (i.e., shellŉsh) and other 

Fisheries (forage, 
recreational, 
commercial)

Support the implementation of 
a strategy to restore and protect 
ŉsheries

Species recovery 	» Increased habitat and species 
disruption due to warmer temperature

	» Increased habitat and species 
disruption due to lower oxygen solubility 
caused by warmer temperature

	» Increased habitat and species 
disruption due to lower oxygen availability 
cause by more frequent algae blooms 
induced by warmer temperature

	» Increased habitat and species 
disruption due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

	» Increased habitat and species 
disruption due to increased 
pollutant loadings from WWTP 
and OSTDS during high rainfall 
events

	» Increased habitat and 
species disruption from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

organisms (i.e., shellŉsh) and other 

Biotoxins, Infections, 
and Other Health 
Threats

Support the implementation of 
a strategy to reduce threats to 
ecosystem health

Biotoxins, infections, diseases Accelerated spread of existing or new 
threats to ecosystem health due to 
warmer temperature

	» Accelerated spread of existing 
or new threats to ecosystem 
health from WWTP and OSTDS 
during high rainfall events

	» Accelerated spread of existing 
or new threats to ecosystem 
health from surface water storage 
and conveyance infrastructure 
during high rainfall events
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Increased habitat and species disruption due 
to shoreline erosion caused by more frequent 
and intense storm events

	» Increased habitat and species disruption 
due to rising water table and sea level 
(inundation, erosion)

	» Increased habitat and species opportunities 
due to submergence and Ŋooding of upland 
areas caused by sea level rise

	» Increased habitat and species disruption 
due to upland barriers to existing wetland 
migration into upland areas during sea level 
rise

	» Change in carbon sequestration due to 
habitat and species disruption caused by 
warmer temperature

Updated

	» Increased habitat and species disruption due 
to erosion of seabed and shoreline caused by 
more frequent and intense storm events

	» Increased habitat and species disruption 
due to increased pollutant loading from WWTP 
and OSTDS during more frequent and intense 
storm events

	» Increased habitat and species disruption due 
to increased pollutant loading from surface 
water storage and conveyance infrastructure 
during more frequent and intense storm 
events

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more 
acidic conditions

	» Decreased habitat and species disruption 
due to less seabed erosion and increased 
water clarity caused by deepening 
bathymetry

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS caused by rising water 
table and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure caused by rising water table 
and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to rising water table and sea level 
(inundation, erosion)

Updated

ŉsheries

	» Increased habitat and species disruption 
due to seabed and shoreline erosion caused by 
more frequent and intense storm events

	» Increased habitat and species disruption due 
to increased pollutant loadings from WWTP 
and OSTDS during more frequent and intense 
storm events

	» Increased habitat and species disruption due 
to increased pollutant loadings from surface 
water storage and conveyance infrastructure 
during more frequent and intense storm 
events

Decreased vitality of calcifying 
organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more 
acidic conditions

	» Decreased habitat and species disruption 
due to less seabed erosion and increased 
water clarity caused by deepening 
bathymetry

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
WWTP and OSTDS caused by rising water 
table and sea level (inundation, erosion)

	» Increased habitat and species disruption 
due to increased pollutant loadings from 
surface water storage and conveyance 
infrastructure caused by rising water table 
and sea level (inundation, erosion)

Updated

	» Accelerated spread of existing or new threats 
to ecosystem health from WWTP and OSTDS 
during more frequent and intense storm 
events

	» Accelerated spread of existing or new 
threats to ecosystem health from surface water 
storage and conveyance infrastructure during 
more frequent and intense storm events

Accelerated spread of existing or new 
threats to ecosystem health due to 
more acidic conditions

	» Accelerated spread of existing or new 
threats to ecosystem health from WWTP and 
OSTDS caused by rising water table and sea 
level (inundation, erosion)

	» Accelerated spread of existing or new 
threats to ecosystem health from surface 
water storage and conveyance infrastructure 
caused by rising water table and sea level 
(inundation, erosion)

Updated
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Exotic and Invasive 
Species

Remove exotic and invasive 
species to compliment habitat 
restoration

Decrease exotic and invasive 
species competitive impacts on 
native habitats and species

	» Accelerated spread of exotic and 
invasive species due to warmer 
temperature

	» Accelerated spread of exotic and 
invasive species due to increased wildŉres 
caused by warmer temperature

	» Accelerated spread of exotic 
and invasive species due to 
polyhaline conditions caused by 
intervals of higher rainfall and 
extended periods of drought

	» Accelerated spread of exotic 
and invasive species from WWTP 
and OSTDS during high rainfall 
events

	» Accelerated spread of exotic 
and invasive species from surface 
water storage and conveyance 
infrastructure during high rainfall 
events

Living Shorelines Support research to optimize 
function and resilience of 
installations

Restore and protect shoreline 
habitat and ecosystem function

Increased habitat and species distribution 
due to warmer temperature

Increased habitat and species 
distribution due to polyhaline 
conditions caused by intervals 
of higher rainfall and extended 
periods of drought

Archeological 
Resources (shell works, 
mounds, middens)

Restore and protect Increased biological and chemical 
degradation due to warmer temperature

Increased chemical degradation 
due to higher rainfall due to shoreline erosion and Ŋooding during to acidiŉcation of rain, ground, and 

Public Access Implement strategies to increase 
public access

Adequate and appropriate 
access

	» Decreased recreational activities due to 
warmer temperature

	» Decreased recreational activities due to 
accelerated spread of existing or new viral, 
bacterial, fungal, and parasitic infections 
caused by warmer temperature

	» Decreased recreational activities due to 
reduced water clarity caused by increased 
pollutant loadings

	» Decreased recreational 
activities due to increased number 
of high rainfall events

	» Decreased recreational 
activities due to increased habitat 
and species disruption due to 
polyhaline conditions caused by 
intervals of higher rainfall and 
extended periods of drought

Decreased access due Ŋooding of land or 

Public Education and 
Involvement

Create a constituency of informed 
and involved stakeholders

Achieve heightened public 
awareness of the ecosystem

Decreased volunteer participation in 
activities due to warmer temperature

Decreased volunteer participation in 
activities due to learned helplessness and 
self-efŉcacy issues

Decreased volunteer participation 
in activities due to increased 
number of high rainfall events

Decreased volunteer participation 
in activities due to learned 
helplessness and self-efŉcacy 
issues

due to learned helplessness and self-efŉcacy 

and self-efŉcacy issues
due to learned helplessness and self-efŉcacy 
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invasive species due to increased wildŉres 

	» Accelerated spread of exotic and invasive 
species from WWTP and OSTDS during more 
frequent and intense storm events

	» Accelerated spread of exotic and invasive 
species from surface water storage and 
conveyance infrastructure during more 
frequent and intense storm events

	» Reduction in upland exotic and invasive 
species due to rising water table and sea level 
(inundation, erosion)

	» Accelerated spread of exotic and invasive 
species from WWTP and OSTDS caused by 
rising water table and sea level (inundation, 
erosion)

	» Accelerated spread of exotic and invasive 
species from surface water storage and 
conveyance infrastructure caused by rising 
water table and sea level (erosion and 
inundation)

Updated

Increased habitat and species disruption due 
to shoreline erosion caused by more frequent 
and intense storm events

Increased habitat and species 
disruption due to more acidic 
conditions

Increased habitat and species disruption due 
to rising water table and sea level (inundation, 
erosion)

New

Increased physical and chemical degradation 
due to shoreline erosion and Ŋooding during 
more frequent and intense storm events

Increased chemical degradation due 
to acidiŉcation of rain, ground, and 
lagoon water

Increased physical and chemical degradation 
due to rising water table and sea level 
(inundation, erosion)

New

Decreased recreational activities, especially 
boating related, due to failure of infrastructure 
caused by more frequent and intense storm 
events

	» Decreased access due Ŋooding of land or 
access infrastructure caused by rising water 
table and sea level

	» Decreased access due increased presence 
of navigational obstacles caused by rising 
sea level

Not listed

self-efŉcacy issues
helplessness and self-efŉcacy 

Decreased volunteer participation in activities 
due to more frequent and intense storm events

Decreased volunteer participation in activities 
due to learned helplessness and self-efŉcacy 
issues

Decreased volunteer participation in 
activities due to learned helplessness 
and self-efŉcacy issues

Decreased volunteer participation in activities 
due to learned helplessness and self-efŉcacy 
issues

Updated
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Appendix B.  Risk Evaluation

The following tables present the initial risk evaluation conducted as part of Phase I of this project.

TABLE B1. Risk Evaluation Consequence/Probability Matrix – Sediment and Water Quality

ORGANIZATIONAL GOAL CLIMATE STRESSOR RISK*

DO Warmer temperature 3 – Decreased DO solubility due to warmer temperature

DO Warmer temperature
3 – Decreased DO availability due to more frequent algae blooms caused by 
warmer temperature

Chlorophyll a Warmer temperature
3 – Increased chlorophyll a concentration due to more frequent algae 
blooms caused by warmer temperature

Wastewater Increased storminess
3 – Increased pollutant loadings from WWTP and OSTDS due to more 
frequent and intense storm events

Surface Water Changes in precipitation
3 – Increased pollutant loadings from surface water storage and conveyance 
infrastructure during high rainfall events

Surface Water Increased storminess
3 – Increased pollutant loadings from surface water storage and conveyance 
infrastructure caused by more frequent and intense storm events

Surface Water Sea level rise
3 – Increased pollutant loadings due from water storage and conveyance 
infrastructure caused by rising water table and sea level (inundation, erosion)

Lagoon Hydrology Sea level rise
3 – Changes in circulation, groundwater and surface water hydrology due to 
rising water table and sea level (inundation, erosion)

Water Clarity Warmer temperature
3 – Decreased clarity due to an increase in the growth rates and survival of 
algae and other taxa induced by warmer temperature

Water Clarity Changes in precipitation
3 – Decreased clarity due to increased pollutant loadings from WWTP 
during high rainfall events

Water Clarity Changes in precipitation
3 – Decreased clarity due to increased pollutant loadings from surface water 
storage and conveyance infrastructure during high rainfall events

Water Clarity Increased storminess
3 – Decreased clarity due to increased pollutant loadings from WWTP and 
OSTDS during more frequent and intense storm events

Water Clarity Increased storminess
3 – Decreased clarity due to increased pollutant loadings from surface 
water storage and conveyance infrastructure caused by more frequent and 
intense storm events

Water Clarity Sea level rise
3 – Decreased clarity due to increased pollutant loadings from WWTP 
caused by rising water table and sea level (inundation, erosion)

Water Clarity Sea level rise
3 – Decreased clarity due to increased pollutant loadings from water storage 
and conveyance infrastructure caused by rising water table and sea level 
(inundation, erosion)

DO Changes in precipitation 3 – Increased pollutant loadings from WWTP and OSTDS high rainfall events

DO Changes in precipitation
3 – Decreased DO availability due to increased pollutant loadings from 
surface water storage and conveyance infrastructure during high rainfall 
events

DO Increased storminess
3 – Decreased DO availability due to increased pollutant loadings from 
surface water storage and conveyance infrastructure caused by more 
frequent and intense storm events

DO Sea level rise
3 – Decreased DO availability due to increased pollutant loadings from 
WWTP caused by rising water table and sea level (inundation, erosion)

DO Sea level rise
3 – Decreased DO availability due to increased pollutant loadings from water 
storage and conveyance infrastructure caused by rising water table and sea 
level (inundation, erosion)

Chlorophyll a Changes in precipitation
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from WWTP and OSTDS during high rainfall events

Chlorophyll a Changes in precipitation
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from surface water storage and conveyance infrastructure during 
high rainfall events
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The following tables present the initial risk evaluation conducted as part of Phase I of this project.

RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

3 3 3 3 12 High

3 3 3 3 12 High

3 3 3 3 12 High

2 3 2 3 10 Moderate

2 3 2 3 10 Moderate

2 3 2 3 10 High

2 3 2 3 10 High

2 3 3 2 10 High

2 3 3 2 10 High

2 3 2 3 10 Moderate

2 3 2 3 10 Moderate

2 3 2 3 10 High

2 3 2 3 10 High

2 3 2 3 10 High

2 3 2 3 10 High

2 3 2 3 10 Moderate

2 3 2 3 10 Moderate

2 3 2 3 10 High

2 3 2 3 10 High

2 3 2 3 10 High

2 3 2 3 10 Moderate

2 3 2 3 10 Moderate
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ORGANIZATIONAL GOAL CLIMATE STRESSOR RISK*

Chlorophyll a Increased storminess
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from surface water storage and conveyance infrastructure caused 
by more frequent and intense storm events

Chlorophyll a Sea level rise
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from water storage and conveyance infrastructure caused by 
rising water table and sea level (inundation, erosion)

Wastewater Changes in precipitation
3 – Increased pollutant loadings from WWTP and OSTDS during high rainfall 
events

Wastewater Sea level rise
3 – Increased pollutant loadings from WWTP and OSTDS due to rising water 
table and sea level (inundation, erosion)

DO Warmer temperature
3 – Decreased DO availability due to accelerated decomposition of organic 
matter caused by warmer temperature

DO Increased storminess
3 – Decreased DO availability due to increased pollutant loadings from 
WWTP and OSTDS during more frequent and intense storm events

Chlorophyll a Increased storminess
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from WWTP and OSTDS during more frequent and intense storm 
events

Chlorophyll a Sea level rise
3 – Increased chlorophyll a concentration due to increased pollutant 
loadings from WWTP caused by rising water table and sea level (inundation, 
erosion)

Surface Water Warmer temperature
3 – Increased pollutant loadings (urban, rural) due to changes in solubility 
and/or toxicity caused by warmer temperature

Surface Water Warmer temperature
2 – Increased pollutant loadings due to increased maintenance (cuttings, 
chemical applications) of greenspace caused by warmer temperature

Lagoon Hydrology Warmer temperature 2 – Changes in thermohaline circulation due to warmer temperature

Lagoon Hydrology Changes in precipitation
2 – Changes in thermohaline circulation due to polyline conditions caused 
by intervals of higher rainfall and drought

Atmospheric 
Deposition

Warmer temperature
2 – Increased atmospheric deposition of nitrogen and other pollutants due 
to increasing demand for electricity caused by warmer temperature

Atmospheric 
Deposition

Changes in precipitation
2 – Increased atmospheric deposition of nitrogen and other pollutants 
during high rainfall events

Atmospheric 
Deposition

Increased storminess
2 – Increased atmospheric deposition of nitrogen and other pollutants due 
to more frequent and intense storm events

Water Clarity Increased storminess
2 – Decreased clarity due to erosion of seabed and shoreline caused by more 
frequent and intense storm events

Water Clarity Sea level rise 2 – Decreased clarity due to erosion of shoreline caused by sea level rise

DO Increased storminess
2 – Decreased DO availability due to erosion of seabed and shoreline caused 
by caused by more frequent and intense storm events

Chlorophyll a Increased storminess
2 – Increased chlorophyll a concentration due to erosion of seabed and 
shoreline caused by more frequent and intense storm events

Legacy Nutrients Increased storminess
2 – Decrease in water quality due to erosion and resuspension of seabed 
caused by more frequent and intense storm events

Wastewater Warmer temperature
1 – Increased pollutant loadings due to changes in solubility and/or toxicity 
caused by warmer temperature

Wastewater Acidiŉcation 1 – Increased pollutant loadings due to changes in solubility and/or toxicity 
caused by acidiŉcation of lagoon water

Surface Water Warmer temperature

1 – Increased pollutant loadings due to increased use of chemical treatments 
in surface water storage and conveyance infrastructure to reduce more 
frequent algae blooms or expanding invasive plants caused by warmer 
temperature

Surface Water Acidiŉcation 1 – Increased pollutant loadings due to changes in solubility and/or toxicity 
caused by acidiŉcation

Surface Water Sea level rise
1 – Increased pollutant loadings due to higher water table caused by sea 
level rise

Marina and Boat 
Pollution

Increased storminess
1 – Increased pollutant loadings from access facilities and associated 
infrastructure due to increased coastal erosion caused by more frequent 
and intense storm events
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

2 3 2 3 10 Moderate

2 3 2 3 10 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 High

1 3 3 2 9 Moderate

2 3 2 2 9 High

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 2 2 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Low

1 2 3 2 8 Low

1 2 3 2 8 Low

1 2 2 2 7 High

1 2 2 2 7 High

1 2 2 2 7 High

1 2 2 2 7 Moderate

1 2 2 2 7 High

1 1 2 2 6 Medium

Acidiŉcation caused by acidiŉcation of lagoon water 1 1 2 2 6 Moderate

1 1 2 2 6 Moderate

Acidiŉcation caused by acidiŉcation 1 1 2 2 6 Moderate

1 1 2 2 6 Moderate

1 2 1 2 6 High
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Marina and Boat 
Pollution

Sea level rise
1 – Increased pollutant loadings due to failure of pump out facilities, portable 
toilet dump stations, fuel stations, and rest rooms caused by rising water 
table and sea level (inundation, erosion)

Marina and Boat 
Pollution

Warmer temperature
1 – Increased pollutant loadings from site runoff due to changes in solubility 
and/or toxicity caused by warmer temperature

Marina and Boat 
Pollution

Changes in precipitation
1 – Increased pollutant loadings from site runoff during high rainfall events, 
especially after extended periods of drought

Wastewater Warmer temperature
Decreased pollutant loadings due to increased bioremediation effectiveness 
caused by warmer temperatures

Lagoon Hydrology Increased storminess Not applicable

Lagoon Hydrology Acidiŉcation Not applicable

Marina and Boat 
Pollution

Increased storminess
Reduced pollutant loadings due to decrease in number of recreational 
boating days caused by more frequent and intense storm events

Marina and Boat 
Pollution

Acidiŉcation Not applicable

Atmospheric 
Deposition

Acidiŉcation Not applicable

Atmospheric 
Deposition

Sea level rise Not applicable

Water Clarity Acidiŉcation Not applicable

Water Clarity Sea level rise
Increased clarity due to reduction in erosion of seabed caused by caused by 
increased bathymetry

DO Acidiŉcation Not applicable

Chlorophyll a Acidiŉcation Not applicable

Legacy Nutrients Warmer temperature Not applicable

Legacy Nutrients Changes in precipitation Not applicable

Legacy Nutrients Increased storminess Not applicable

Legacy Nutrients Acidiŉcation Not applicable

Legacy Nutrients Sea level rise
Decreased muck redistribution due to reduction in erosion of seabed by 
increased bathymetry

* Red (3) = higher, Yellow (2) = high, Green (1) = moderate

TABLE B2. Risk Evaluation Consequence/Probability Matrix – Natural Resources

ORGANIZATIONAL GOAL CLIMATE STRESSOR RISK*

Wetlands and 
Impounded Marshes

Sea level rise
3 – Increased habitat and species disruption due to upland barriers to 
existing wetland migration into upland areas during sea level rise

Living Shorelines Increased storminess
3 – Increased habitat and species disruption due to shoreline erosion 
caused by more frequent and intense storm events

Wetlands and 
Impounded Marshes

Increased storminess
3 – Increased habitat and species disruption due to shoreline erosion 
caused by more frequent and intense storm events

Wetlands and 
Impounded Marshes

Sea level rise
3 – Increased habitat and species disruption due to rising water table and 
sea level (inundation, erosion)

Living Shorelines Sea level rise
3 – Increased habitat and species disruption due to rising water table and 
sea level (inundation, erosion)

Archeological 
Resources

Increased storminess
3 – Increased physical and chemical degradation due to shoreline erosion 
and Ŋooding during more frequent and intense storm events
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

1 2 1 2 6 High

1 1 1 2 5 Moderate

1 1 1 2 5 Moderate

Yes Not applicable High

Not applicable

Acidiŉcation Not applicable

Yes Not applicable Low

Acidiŉcation Not applicable

Acidiŉcation Not applicable

Not applicable

Acidiŉcation Not applicable

Yes Not applicable Moderate

Acidiŉcation Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Acidiŉcation Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Acidiŉcation Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
Not 

applicable

Yes - - - - Not applicable Moderate

RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

3 3 3 2 11 High

2 3 3 3 11 High

2 3 3 2 10 High

2 3 3 2 10 High

2 3 3 2 10 High

and Ŋooding during more frequent and intense storm events 2 3 3 2 10 High
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Archeological 
Resources

Sea level rise
3 – Increased physical and chemical degradation due to rising water table 
and sea level (inundation, erosion)

Biodiversity Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS during high rainfall events

Biodiversity Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
caused by high rainfall events

Biodiversity Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loading from WWTP and OSTDS during more frequent and intense storm 
events

Biodiversity Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loading from surface water storage and conveyance infrastructure during 
more frequent and intense storm events

Biodiversity Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more acidic conditions

Biodiversity Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loading from WWTP and OSTDS caused by rising water table and sea level 
(inundation, erosion)

Biodiversity Sea level rise
3 – Increased habitat and species disruption due to rising water table and 
sea level (inundation, erosion)

Seagrass Warmer temperature
3 – Increased habitat and species disruption due to elevated pollutant 
loadings from surface water storage and conveyance infrastructure 
caused by warmer temperature

Seagrass Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS during high rainfall events

Seagrass Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
during high rainfall events

Seagrass Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS during more frequent and intense 
storm events

Seagrass Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
during more frequent and intense storm events

Seagrass Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh, epiphytes) and 
other habitat dependent taxa due to more acidic conditions

Seagrass Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS in response to rising water table and sea 
level (inundation, erosion)

Seagrass Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure in 
response to rising water table and sea level (inundation, erosion)

Wetlands and 
Impounded Marshes

Warmer temperature 3 – Increased habitat and species disruption due to warmer temperature

Rare, Threatened, 
Endangered, and SOSC

Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loading from WWTP and OSTDS during high rainfall events

Rare, Threatened, 
Endangered, and SOSC

Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loading from surface water storage and conveyance infrastructure during 
high rainfall events

Rare, Threatened, 
Endangered, and SOSC

Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loading from WWTP and OSTDS during more frequent and intense storm 
events

Rare, Threatened, 
Endangered, and SOSC

Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loading from surface water storage and conveyance infrastructure during 
more frequent and intense storm events

Rare, Threatened, 
Endangered, and SOSC

Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh, epiphytes) and 
other habitat dependent taxa due to more acidic conditions
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

2 3 3 2 10 High

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh) and other 
1 3 3 2 9 High

2 3 2 2 9 High

1 3 3 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 High

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh, epiphytes) and 
1 3 3 2 9 High

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

1 2 3 3 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh, epiphytes) and 
1 3 3 2 9 High
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Rare, Threatened, 
Endangered, and SOSC

Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS caused by rising water table and sea 
level (inundation, erosion)

Rare, Threatened, 
Endangered, and SOSC

Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
caused by rising water table and sea level (inundation, erosion)

Rare, Threatened, 
Endangered, and SOSC

Sea level rise
3 – Increased habitat and species disruption due to rising water table and 
sea level (inundation, erosion)

Fisheries Changes in precipitation
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS during high rainfall events

Fisheries Changes in precipitation
3 – Increased habitat and species disruption from surface water storage 
and conveyance infrastructure during high rainfall events

Fisheries Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS during more frequent and intense 
storm events

Fisheries Increased storminess
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
during more frequent and intense storm events

Fisheries Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh) and other 
habitat dependent taxa due to more acidic conditions

Fisheries Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from WWTP and OSTDS caused by rising water table and sea 
level (i.e., inundation, erosion)

Fisheries Sea level rise
3 – Increased habitat and species disruption due to increased pollutant 
loadings from surface water storage and conveyance infrastructure 
caused by rising water table and sea level (inundation, erosion)

Toxins, Infectious 
Agents, and Other 
Health Threats

Warmer temperature
3 – Accelerated spread of existing or new threats to ecosystem health due 
to warmer temperature

Biodiversity Warmer temperature 2 – Increased habitat and species disruption due to warmer temperature

Biodiversity Warmer temperature
2 – Increased habitat and species disruption due to elevated pollutant 
loadings caused by changes in solubility and/or toxicity induced by 
warmer temperature

Biodiversity Warmer temperature
2 – Increased habitat and species disruption due to elevated pollutant 
loadings in surface water storage and conveyance infrastructure caused 
by caused by longer growing season induced by warmer temperature

Biodiversity Changes in precipitation
2 – Increased habitat and species disruption due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought

Biodiversity Increased storminess
2 – Increased habitat and species disruption due to erosion of seabed and 
shoreline caused by more frequent and intense storm events

Biodiversity Sea level rise
2 – Increased habitat and species disruption due to increased pollutant 
loading from surface water storage and conveyance infrastructure caused 
by rising water table and sea level (inundation, erosion)

Seagrass Warmer temperature 2 – Increased habitat and species disruption due to warmer temperature

Seagrass Warmer temperature
2 – Increased habitat and species disruption due to increased pollutant 
loading caused by changes in solubility and/or toxicity induced by warmer 
temperature

Seagrass Warmer temperature
2 – Change in carbon sequestration due to habitat and species disruption 
caused by warmer temperature

Seagrass Changes in precipitation
2 – Increased habitat and species disruption due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought

Seagrass Increased storminess
2 – Increased habitat and species disruption due to erosion of seabed and 
shoreline caused by more frequent and intense storm events

Wetlands and 
Impounded Marshes

Warmer temperature
2 – Increased habitat and species disruption due to changes in 
evapotranspiration

Wetlands and 
Impounded Marshes

Warmer temperature
2 – Change in carbon sequestration due to habitat and species disruption 
caused by warmer temperature
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

1 3 3 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

Acidiŉcation 3 – Decreased vitality of calcifying organisms (i.e., shellŉsh) and other 
1 3 3 2 9 High

2 3 2 2 9 Moderate

2 3 2 2 9 Moderate

2 2 3 2 9 Med

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

2 2 2 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 3 2 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate
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Wetlands and 
Impounded Marshes

Changes in precipitation
2 – Increased habitat and species disruption due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought

Wetlands and 
Impounded Marshes

Sea level rise
2 – Change in carbon sequestration due to habitat and species disruption 
caused by warmer temperature

Rare, Threatened, 
Endangered, and SOSC

Warmer temperature 2 – Increased habitat and species disruption due to warmer temperature

Rare, Threatened, 
Endangered, and SOSC

Warmer temperature
2 – Increased habitat and species disruption due to lower oxygen solubility 
caused by warmer temperature

Rare, Threatened, 
Endangered, and SOSC

Warmer temperature
2 – Increased habitat and species disruption due to lower oxygen 
availability cause by more frequent algae blooms induced by warmer 
temperature

Rare, Threatened, 
Endangered, and SOSC

Warmer temperature
2 – Increased habitat and species disruption due to lower oxygen 
availability caused by accelerated growth and decay of invasive plants 
within basin induced by warmer temperature

Rare, Threatened, 
Endangered, and SOSC

Changes in precipitation
2 – Increased habitat and species disruption due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought

Rare, Threatened, 
Endangered, and SOSC

Increased storminess
2 – Increased habitat and species disruption due to erosion of seabed and 
shoreline caused by more frequent and intense storm events

Fisheries Warmer temperature 2 – Increased habitat and species disruption due to warmer temperature

Fisheries Warmer temperature
2 – Increased habitat and species disruption due to lower oxygen solubility 
caused by warmer temperature

Fisheries Warmer temperature
2 – Increased habitat and species disruption due to lower oxygen 
availability caused by more frequent algae blooms induced by warmer 
temperature

Fisheries Changes in precipitation
2 – Increased habitat and species disruption due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought

Fisheries Increased storminess
2 – Increased habitat and species disruption due to seabed and shoreline 
erosion caused by more frequent and intense storm events

Toxins, Infectious 
Agents, and Other 
Health Threats

Changes in precipitation
2 – Accelerated spread of existing or new threats to ecosystem health from 
surface water storage and conveyance infrastructure during high rainfall 
events

Toxins, Infectious 
Agents, and Other 
Health Threats

Sea level rise
2 – Accelerated spread of existing or new threats to ecosystem health from 
WWTP and OSTDS caused by rising water table and sea level (inundation, 
erosion)

Exotic and Invasive 
Species

Warmer temperature
2 – Accelerated spread of exotic and invasive species due to warmer 
temperature

Exotic and Invasive 
Species

Changes in precipitation
2 – Accelerated spread of exotic and invasive species due to polyhaline 
conditions caused by intervals of higher rainfall and extended periods of 
drought

Toxins, Infectious 
Agents, and Other 
Health Threats

Changes in precipitation
2 – Accelerated spread of existing or new threats to ecosystem health from 
WWTP and OSTDS during high rainfall events

Toxins, Infectious 
Agents, and Other 
Health Threats

Increased storminess
2 – Accelerated spread of existing or new threats to ecosystem health from 
WWTP and OSTDS during more frequent and intense storm events

Toxins, Infectious 
Agents, and Other 
Health Threats

Acidiŉcation 2 – Accelerated spread of existing or new threats to ecosystem health due 
to more acidic conditions

Exotic and Invasive 
Species

Warmer temperature
2 – Accelerated spread of exotic and invasive species due to increased 
wildŉres caused by warmer temperature

Exotic and Invasive 
Species

Changes in precipitation
2 – Accelerated spread of exotic and invasive species from WWTP and 
OSTDS during high rainfall events

Exotic and Invasive 
Species

Changes in precipitation
2 – Accelerated spread of exotic and invasive species from surface water 
storage and conveyance infrastructure during high rainfall events

Living Shorelines Warmer temperature 2 – Increased habitat and species distribution due to warmer temperature

Living Shorelines Changes in precipitation
2 – Increased habitat and species distribution due to polyhaline conditions 
caused by intervals of higher rainfall and extended periods of drought
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Low

1 2 3 2 8 Low

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 2 3 2 8 Low

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

2 1 3 2 8 High

2 2 2 2 8 Med

1 2 3 2 8 Moderate

1 2 3 2 8 Moderate

1 1 3 2 7 Med

2 1 2 2 7 High

Acidiŉcation 1 1 3 2 7 Med

wildŉres caused by warmer temperature 1 2 2 2 7 Moderate

1 1 3 2 7 Moderate

1 1 3 2 7 Moderate

1 1 3 2 7 Moderate

1 1 3 2 7 Moderate
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Living Shorelines Acidiŉcation 2 – Increased habitat and species disruption due to more acidic conditions

Archeological 
Resources

Warmer temperature
2 – Increased biological and chemical degradation due to warmer 
temperature

Archeological 
Resources

Changes in precipitation 2 – Increased chemical degradation due to higher rainfall

* Red (3) = higher, Yellow (2) = high, Green (1) = moderate

TABLE B3. Risk Evaluation Consequence/Probability Matrix – Stakeholder Engagement

ORGANIZATIONAL GOAL CLIMATE STRESSOR RISK*

Toxins, Infectious Agents, and Other 
Health Threats

Increased storminess
1 – Accelerated spread of existing or new threats to ecosystem health 
from surface water storage and conveyance infrastructure during more 
frequent and intense storm events

Toxins, Infectious Agents, and Other 
Health Threats

Sea level rise
1 – Accelerated spread of existing or new threats to ecosystem health from 
surface water storage and conveyance infrastructure caused by rising 
water table and sea level (inundation, erosion)

Exotic and Invasive Species Increased storminess
1 – Accelerated spread of exotic and invasive species from WWTP and 
OSTDS during more frequent and intense storm events

Exotic and Invasive Species Increased storminess
1 – Accelerated spread of exotic and invasive species from surface water 
storage and conveyance infrastructure during more frequent and intense 
storm events

Exotic and Invasive Species Sea level rise
1 – Accelerated spread of exotic and invasive species from WWTP and 
OSTDS caused by rising water table and sea level (inundation, erosion)

Exotic and Invasive Species Sea level rise
1 – Accelerated spread of exotic and invasive species from surface water 
storage and conveyance infrastructure caused by rising water table and 
sea level (erosion and inundation)

Biodiversity Sea level rise
Decreased habitat and species disruption due to less seabed erosion 
caused by deepening bathymetry

Seagrass Sea level rise
Decreased habitat and species disruption due to less seabed erosion and 
increased water clarity caused by deepening bathymetry

Seagrass Sea level rise
Increased habitat and species opportunities due to submergence and 
Ŋooding of upland areas caused by sea level rise

Wetlands and Impounded Marshes Acidiŉcation Not applicable

Wetlands and Impounded Marshes Sea level rise
Increased habitat and species opportunities due to submergence and 
Ŋooding of upland areas caused by sea level rise

Rare, Threatened, Endangered, and SOSC Sea level rise
Decreased habitat and species disruption due to less seabed erosion and 
increased water clarity caused by deepening bathymetry

Fisheries Sea level rise
Decreased habitat and species disruption due to less seabed erosion and 
increased water clarity caused by deepening bathymetry

Exotic and Invasive Species Sea level rise
Reduction in upland exotic and invasive species due to rising water table 
and sea level (inundation, erosion)

Archeological Resources Acidiŉcation Not applicable

Public Access Warmer temperature
3 – Decreased recreational activities due to accelerated spread of existing 
or new viral, bacterial, fungal, and parasitic infections caused by warmer 
temperature
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Acidiŉcation 1 1 3 2 7 Moderate

1 1 3 2 7 Moderate

1 1 3 2 7 Moderate

RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

1 1 2 2 6 High

1 1 2 2 6 Med

1 1 2 2 6 Moderate

1 1 2 2 6 Moderate

1 1 2 2 6 Moderate

1 1 2 2 6 Moderate

Yes Not applicable Moderate

Yes Not applicable Moderate

Ŋooding of upland areas caused by sea level rise Yes Not applicable Moderate

Acidiŉcation

Ŋooding of upland areas caused by sea level rise Yes - - - - Not applicable Moderate

Yes - - - - Not applicable Moderate

Yes - - - - Not applicable Moderate

Yes - - - - Not applicable Moderate

Acidiŉcation Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

2 2 3 3 10 High
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Public Access Sea level rise
3 – Decreased access due increased presence of navigational obstacles 
caused by rising sea level

Public Access Warmer temperature
3 – Decreased recreational activities due to reduced water clarity caused 
by increased pollutant loadings

Public Access Increased storminess
3 – Decreased recreational activities, especially boating related, due to 
failure of infrastructure caused by more frequent and intense storm 
events

Public Access Sea level rise
3 – Decreased access due Ŋooding of land or access infrastructure caused 
by rising water table and sea level

Public Access
Changes in 
precipitation

2 – Decreased recreational activities due to increased habitat and species 
disruption due to polyhaline conditions caused by intervals of higher 
rainfall and extended periods of drought

Public Access Warmer temperature 2 – Decreased recreational activities due to warmer temperature

Public Access
Changes in 
precipitation

2 – Decreased recreational activities due to increased number of high 
rainfall events

Public Education and Involvement Warmer temperature
2 – Decreased volunteer participation in activities due to warmer 
temperature

Public Education and Involvement Warmer temperature
2 – Decreased volunteer participation in activities due to learned 
helplessness and self-efŉcacy issues

Public Education and Involvement
Changes in 
precipitation

2 – Decreased volunteer participation in activities due to increased 
number of high rainfall events

Public Education and Involvement
Changes in 
precipitation

2 – Decreased volunteer participation in activities due to learned 
helplessness and self-efŉcacy issues

Public Education and Involvement Increased storminess
2 – Decreased volunteer participation in activities due to more frequent 
and intense storm events

Public Education and Involvement Increased storminess
2 – Decreased volunteer participation in activities due to learned 
helplessness and self-efŉcacy issues

Public Education and Involvement Acidiŉcation 2 – Decreased volunteer participation in activities due to learned 
helplessness and self-efŉcacy issues

Public Education and Involvement Sea level rise
2 – Decreased volunteer participation in activities due to learned 
helplessness and self-efŉcacy issues

Public Access Acidiŉcation Not applicable

* Red (3) = higher, Yellow (2) = high, Green (1) = moderate
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RISK* OPPORTUNITY CONSEQUENCE LIKELIHOOD SPATIAL EXTENT TIME HORIZON PRELIMINARY SCORE CONFIDENCE

2 3 3 2 10 High

2 2 3 2 9 Moderate

2 2 3 2 9 Moderate

3 – Decreased access due Ŋooding of land or access infrastructure caused 
2 2 3 2 9 Moderate

1 2 3 2 8 Moderate

1 1 3 2 7 Moderate

1 1 3 2 7 Low

1 1 3 2 7 Moderate

helplessness and self-efŉcacy issues 1 1 3 2 7 Moderate

1 1 3 2 7 Low

helplessness and self-efŉcacy issues 1 1 3 2 7 Moderate

1 1 3 2 7 Low

helplessness and self-efŉcacy issues 1 1 3 2 7 Moderate

Acidiŉcation helplessness and self-efŉcacy issues 1 1 3 2 7 Low

helplessness and self-efŉcacy issues 1 1 3 2 7 Moderate

Acidiŉcation Moderate
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Appendix C.  Results of Real-Time Polling

Real-time polling and surveys were conducted during four 
stakeholder engagement meetings in 2018 and through 
follow-up communication via the IRLNEP. Stakeholder 
groups included subject matter experts from, for example, 
estuarine restoration councils; coastal observations; 
marine engineering; and local, state and federal 
government, each representing a respective constituency. 
Survey results are summarized in the following sections. 
Results represent a total (non-redundant) sample size of 
66 respondents. These results were used by the project 
team as a means of ensuring the results of the risk-based 
vulnerability assessment were appropriately informed by 

stakeholders within the IRL watershed.

Focus Areas for Management Practices – Water 
and Sediment Quality

Respondents were asked to choose a single management 
target associated with sediment and water quality that 
was most important and could be realistically addressed. 

Stormwater discharges and onsite sewer were most 

commonly selected by respondents, accounting for 27% 
and 24% of responses. Figure C- 1 shows the breakdown 
of responses by target option.

FIGURE C-1. Targets for management actions – 
sediment and water quality

The breakdown of most important targets by county is 

shown in Figure C- 2 (although it is important to note that 
the county-level breakdown has to be interpreted in the 
context of the varied level of response by county).

FIGURE C-2. Most important targets by county – 
sediment and water quality

Scale of Impact, Time Horizon, Effects,  
and Cost of Management Practices – Water and 
Sediment Quality

The majority of respondents (63%) indicated that the 
effects of their chosen management targets would most 

likely be extensive, meaning that most of the watershed or 
estuary would be affected. About a quarter of respondents 
indicated that the place of region (e.g., community, harbor, 
state park, wildlife refuge, sub-watershed) would be most 
impacted, while 10% indicated sites (e.g., a few waterfront 
lots, a bridge, a sewage treatment plant) would be affected 
(Figure C- 3). Respondents most commonly indicated that 
likely impacts would occur over the next 5 to 10 years 
(45% of responses; Figure C- 4). Concerning costs of the 
interventions associated with their selected management 

target, 70% of respondents indicated that cost of 
implementation is a major barrier and external sources 
for funding would be needed (Figure C- 5). The remaining 

30% indicated that the funding needed is reasonable and 
local sources should be sufficient.

FIGURE C-3. Spatial extent of impacts of chosen 

management targets – sediment and water quality

FIGURE C-4. Timing of impacts of chosen management 

targets – sediment and water quality
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FIGURE C-5. Perception of costs of chosen 
management targets – sediment and water quality

Impact of Climate on Management Targets – 
Water and Sediment Quality

Respondents were asked to consider how six potential 
climate stressors would affect their selected management 

target to address water and sediment quality. Changes in 
precipitation (35% of responses) and sea level rise (23% 
of responses) were most commonly selected (Figure C- 

6). Prioritization as a function of stakeholder geography 
is illustrated in Figure C- 7.

FIGURE C-6. Potential climate stressors – sediment and 
water quality

FIGURE C-7. Potential climate stressors by county – 
sediment and water quality

Survey respondents reported on the likelihood of 

occurrence of the climate stressor they selected as the most 

concerning. Medium confidence (40% of respondents) and 
high confidence (also 40% of respondents) were selected 
as the perceived likelihood of occurrence of the most-
concerning climate stressor (Figure C- 8). If the climate 
stressor did occur, the majority of survey respondents 
indicated that there would be moderate consequences 
in terms of impacts on their selected management target 

associated with water and sediment quality (Figure C- 9).

FIGURE C-8. Likelihood climate stressor will occur – 
sediment and water quality

FIGURE C-9. Consequences of climate stressor – 
sediment and water quality
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Focus Areas for Management Practices –  
Natural Resources

Stakeholders were asked to select their top management 

target associated with natural resources. Management 

initiatives associated with seagrass (21% of responses), 
living shorelines (20% of responses), and biodiversity 
(18% of responses) were the top three targets chosen. 
Figure C- 10 shows the breakdown of responses by target 

option and Figure C- 11 shows the breakdown by target 

option and by county.

FIGURE C-10. Targets for management practices – natural 
resources

FIGURE C-11. Most important target by county – natural 
resources

Scale of Impact, Time Horizon, Effects, and Cost 
of Management Practices – Natural Resources

Respondents most commonly indicated that the effect of 
their chosen management initiatives would most likely be 

extensive, meaning that it would impact most of the watershed 
or estuary (57% of responses) (Figure C- 12). Respondents 
most commonly indicated that the likely impacts of their 

chosen natural resources’ management target would occur 
in 10+ years (38% of responses). Overall, the estimates of 
impact timing were relatively even in distribution: 5-10 years 
(35% of responses) and less than 5 years (27% of responses) 
(Figure C- 13).

FIGURE C-12. Spatial extent of impacts of chosen 
management targets – natural resources

FIGURE C-13. Timing of impacts of chosen management 
targets – natural resources

Concerning costs of the interventions associated with 
their selected management target, respondents were split 
on what the cost to implement their select management 

targets would be: 54% indicated that cost would be a major 
barrier and external sources for funding would be needed, 
and the remaining 46% indicated that the funding needed 
is reasonable and that local sources would be sufficient  
(Figure C- 14).

FIGURE C-14. Perception of costs of chosen management 
targets – natural resources
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Impact of Climate on Management Plans – 
Natural Resources

Respondents reported which climate stressor would most 
likely impact their chosen management approach associated 

with natural resources. Sea level rise was the leading 

perceived climate stressor to management targets (37% of 
the respondents), followed by precipitation changes (14% 
of responses) and increased storminess (13% of responses; 
Figure C- 15). Prioritization as a function of stakeholder 
geography is illustrated in Figure C- 16.

FIGURE C-15. Potential climate stressors – natural 
resources

FIGURE C-16. Potential climate stressors by county – 
natural resources

Survey respondents reported on the likelihood of 

occurrence of the climate stressor they selected as the most 

concerning to their chosen management target associated 

with natural resources. Medium confidence (40% of 
respondents) and high confidence (38% of respondents) 
were selected as the perceived likelihood of occurrence 

of the most-concerning climate stressor (Figure C- 17). If 
the climate stressor did occur, the majority of respondents 
(52%) indicated that the consequences would be moderate 
(Figure C- 18).

FIGURE C-17. Likelihood climate stressor will occur – 
natural resources

FIGURE C-18. Consequences of a climate stressor – 
natural resources
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Focus Areas for Management Practices – 
Stakeholder Engagement

During real-time polling exercises, respondents were asked 
to pick a third most important target that could effectively 

be addressed with management. The following section 

is an analysis of their responses. Public education and 

involvement were widely selected as that chosen target 

to improve stakeholder engagement (92% of responses). 
Figure C- 19 shows the breakdown of responses by target 

option. The breakdown of most important targets by 

county is shown in Figure C- 20.

FIGURE C-19. Targets for management practices – 
stakeholder engagement

FIGURE C-20. Most important target by county – 
stakeholder engagement

Scale of Impact, Time Horizon, Effects, and 
Cost of Management Practices – Stakeholder 
Engagement

The majority of respondents believe that the effect of 
the potential management plans would most likely be 

extensive, meaning that it would impact most of the 
watershed or estuary. About two-thirds of respondents 
indicated that the secondary effects of their chosen 

management target would be extensive (65% of responses) 
(Figure C- 21). Most of respondents believe that the 

management plans would have an immediate impact (less 

than 5 years; Figure C- 22). Most (54%) of respondents 
indicated that there was a perception that cost was a major 
barrier for chosen management targets and that additional 

funding was needed (Figure C- 23).

FIGURE C-21. Spatial extent of impacts of chosen 
management targets – stakeholder engagement

FIGURE C-22. Timing of impacts of chosen 
management targets – stakeholder engagement

FIGURE C-23. Perception of costs of chosen 
management targets – stakeholder engagement
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Survey respondents mainly believe that the occurrence 

of a climate stressor is low. The perceived likelihood of 

occurrence of the most-concerning climate stressor were as 
follows: 33% of respondents believe the likelihood is high 
that a climate stressor will occur, 21% believe the likelihood 
is medium and 46% believe the likelihood is low (less 
than 25%), as shown in Figure C- 26. If a climate stressor 
were to occur, respondents most commonly indicated the 
consequences associated with stakeholder engagement 
would be low (44% of responses; Figure C- 27).

FIGURE C-26. Likelihood climate stressor will occur – 
stakeholder engagement

FIGURE C-27. Consequences of a climate stressor – 
stakeholder engagement

Impact of Climate on Management Plans – 
Stakeholder Engagement

Respondents reported which climate stressor would 
most likely impact the management approach they chose, 
with 38% of the respondents indicating that no climate 
stressors would influence management plans and 24% 
of respondents indicating that sea level rise would likely 

influence their chosen management target (Figure C- 24). 

Prioritization as a function of stakeholder geography is 
illustrated in Figure C- 25).

FIGURE C-24. Potential climate stressors – stakeholder 
engagement

FIGURE C-25. Potential climate stressors by county – 
stakeholder engagement
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Appendix D.  Organizational Network of RAP and BMAP Partners 
in the IRL Watershed

TABLE D-1 

BASIN ALLOCATION ENTITIES AGENCIES

Mosquito Lagoon City of Edgewater Florida Department of Transportation

Mosquito Lagoon City of New Smyrna Beach -

Mosquito Lagoon City of Oak Hill -

Mosquito Lagoon Volusia County -

North IRL Agricultural Producers Florida Department of Agriculture and Consumer Services

North IRL Brevard County DEP

North IRL Volusia County Florida Farm Bureau Federation

North IRL City of Cocoa IRLNEP

North IRL City of Edgewater SJRWMD

North IRL City of Indian Harbour Beach -

North IRL City of Melbourne -

North IRL City of Oak Hill -

North IRL City of Rockledge -

North IRL City of Titusville -

North IRL Florida Department of Transportation District 5 -

North IRL Kennedy Space Center -

North IRL Town of Indialantic -

North IRL Town of Palm Shores -

North IRL Town of Melbourne Village -

North IRL Florida Power and Light – Cape Canaveral Power Plant -

North IRL Reliant Energy – Indian River Power Plant -

Banana River Agricultural Producers Florida Department of Agriculture and Consumer Services

Banana River Brevard County DEP

Banana River City of Cape Canaveral IRLNEP

Banana River City of Cocoa Beach SJRWMD

Banana River City of Indian Harbour Beach -

Banana River City of Satellite Beach -

Banana River Cape Canaveral Air Force Station -

Banana River Florida Department of Transportation District 5 -

Banana River Kennedy Space Center -

Banana River Patrick Air Force Base -

Central IRL Agricultural Producers Florida Department of Agriculture and Consumer Services

Central IRL Brevard County DEP

Central IRL Indian River County Florida Fruit and Vegetable Association

Central IRL St. Lucie County IRLNEP

Central IRL City of Fellsmere SJRWMD
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BASIN ALLOCATION ENTITIES AGENCIES

Central IRL City of Fort Pierce SFWMD

Central IRL City of Melbourne -

Central IRL City of Palm Bay -

Central IRL City of Sebastian -

Central IRL City of Vero Beach -

Central IRL City of West Melbourne --

Central IRL Town of Grant-Valkaria -

Central IRL Town of Indialantic -

Central IRL Town of Indian River Shores -

Central IRL Town of Malabar -

Central IRL Indian River Land Trust -

Central IRL Town of Melbourne Beach -

Central IRL Town of Melbourne Village -

Central IRL Town of Orchid -

Central IRL Town of St. Lucie Village -

Central IRL Florida Department of Transportation District 4 -

Central IRL Florida Department of Transportation District 5 -

Central IRL Turnpike Enterprise -

Central IRL Fellsmere Water Control District -

Central IRL Fort Pierce Farms Water Control District -

Central IRL Indian River Farms Water Control District -

Central IRL Melbourne-Tillman Water Control District -

Central IRL Sebastian River Improvement District -

Central IRL Vero Lakes Water Control District -

St. Lucie Estuary Agricultural Producers Florida Department of Agriculture and Consumer Services

St. Lucie Estuary Martin County DEP

St. Lucie Estuary Okeechobee County SFWMD

St. Lucie Estuary St. Lucie County -

St. Lucie Estuary City of Fort Pierce -

St. Lucie Estuary City of Port St. Lucie -

St. Lucie Estuary City of Stuart -

St. Lucie Estuary Copper Creek Community Development District -

St. Lucie Estuary Florida Department of Transportation District 4 -

St. Lucie Estuary Florida Turnpike -

St. Lucie Estuary Hobe St. Lucie Conservancy District -

St. Lucie Estuary North St. Lucie River Water Control District -

St. Lucie Estuary Pal Mar Water Control District -

St. Lucie Estuary Town of Sewall’s Point -
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Appendix E.  Climate Ready Estuary Action Plan (proposed 
update to the IRL CCMP – Looking Ahead to 2030)

ONE LAGOON
LIVING RESOURCES & HEALTHY COMMUNITIES

Climate Ready Estuary Action Plans

ACTIONS: 

RESEARCH gaps in our understanding of IRL risk-based 
vulnerabilities to climate change with a focus on changes 

in hydrologic dynamics, coastal acidification, occurrence 
of harmful algal blooms, and habitat responses and 
succession. Take actions to RESPOND to priority risks by 

developing, updating, and prioritizing restoration projects 
that decrease climate change risks and vulnerabilities. Work 
with IRL stakeholders to REBUILD aging and inadequate 
wastewater and stormwater infrastructure. RESTORE 

natural habitats that provide coastal RESILIENCE from 

storms, floods, erosion, and sea level rise.

REPORT findings, scientific advancements and restoration 
progress to IRLNEP Management Conference and 
community partners.

ISSUE SUMMARY:

The IRL is vulnerable to the impacts of climate change 
stressors including rising temperatures (temperature), 
changes in precipitation patterns (precipitation) 

(Figure 1), increasing frequency and intensity of storms 
(storminess), coastal acidification (acidification), and 
sea level rise. These will change the IRL in ways that will 
challenge resource management and stewardship. Most 

scientists agree that these impacts are already occurring. 

However, in most cases there are management actions that 
can be undertaken to adapt or mitigate these stressors and 

in so doing reduce risk and build resiliency.

The USEPA Climate Ready Estuaries Program identified 
ten steps to help NEPs identify, analyze, prioritize, and 
reduce their climate change risks. These steps fall into two 

activity categories: (1) conduct a risk- based vulnerability 
assessment, and (2) formulate an action plan to reduce 
risks1. The vulnerability of the goals and objectives of the 
IRLNEP CCMP (2008)2 to the five climate change stressors 
was assessed in 20183. A total of 154 risks were identified 
and ranked according to the level of threat. The results of 

that vulnerability assessment were reorganized in 2019 to 
be consistent with the new organization and terminology 
of the revised IRL CCMP – Looking Ahead to 20304.

The results of the climate-ready estuary process indicated 
that Impaired Waters is the most vulnerable key indicator 

or Vital Sign to climate change stressors with regards to 
both the number of at risk CCMP action plans and level of 
risk (Table 1). Two other Vital Signs in the same category 
as Impaired Waters (i.e., Water Quality) also scored high: 
Wastewater and Storm/Surface Water. These observations 
are not surprising given water quality impairment is 
measured using TMDLs, which are a measure of the 
content of nitrogen and phosphorus in the basin and 

primarily derived from wastewater (WWTP, OSTDS) and 
surface water (i.e. storm and surface water storage and 

conveyance systems; SWSC).

The most frequent stressors to all Vital Signs are changes 
in precipitation, storminess, and sea level rise (Table 1). 
Based upon these results, nine adaptation actions have 
been formulated to reduce impairment from anthropogenic 

pollutant loading caused by these three stressors (Table 

2). A majority of the other 32 Vital Signs and related action 
plans are expected to benefit from the implementation 

FIGURE E-1. Nuisance Ŋooding in Martin County, Florida
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of these adaptation actions. All 32 Vital Signs are 
interconnected by biological, chemical, physical, and social 
processes operating within the IRL watershed. Based on 
current projections, climate change and sea level rise will 
exert profound levels of stress on all IRL vital signs.

Risk-based vulnerabilities to climate change extend beyond 
the IRL’s water quality, habitats, and living resources. The 
economy and quality of life in the IRL watershed is closely 
linked to both its natural and built assets. The vitality 

of both will be challenged by climate change stressors. 

In the natural environment, these include, but are not 
limited to, seagrass, commercial and recreational fisheries, 
wetlands, and biodiversity. Within the built environment, 
these include, but are not limited to, emergency shelters, 
airports, ports, power plants, transportation corridors, 
evacuation routes, integrity of traditional supply chains 

for goods and services, human health, communication 
networks, and homeland security.

To build resiliency against climate change, local 
governments have begun to plan and prepare5–7. When 
discussing future climate change scenarios, both built 
and natural assets need to be considered by scientists, 
decision makers, and practitioners as one interdependent 
and integrated coastal system8–10. Equally important is 
the input from local communities, given what transpires 
over the duration of this century will surely challenge 

community values, aspirations, and quality of life. For these 
reasons, adaptive management will require significant 
community engagement and a process for implementing 

and monitoring the progress of adaptation action plans 

designed specifically to mitigate risks to the built and 
natural environment.

TABLE E-1. Summary of number and level of risks to IRL Vital Signs caused by climate change

CATEGORY AND 
VITAL SIGN

TEMPERATURE PRECIPITATION STORMS PH
SEA 

LEVEL 
RISE

SUM ACCEPT
HIGHER 

RISK
HIGH 
RISK

MODERATE 
RISK

SUM

Water Quality

Impaired waters 
(IW)

5 54 57 0 55 171 5 162 4 0 166

Wastewater (WW) 1 10 10 1 10 32 2 30 0 30

Stormwater and 
surface water (SW)

5 8 8 1 9 31 3 24 2 2 28

Hydrology and 
hydrodynamics 
(HH)

3 3 0 0 3 9 0 3 6 0 9

Legacy loads and 
healthy sediments 
(LL)

0 0 1 0 0 1 0 0 1 0 1

Atmospheric 
deposition (AD)

1 1 1 0 0 3 3 0 0 0 0

Sum 15 76 77 2 77 247 13 219 13 2 234

Habitats

Seagrass (S) 6 16 15 1 14 52 5 47 0 0 47

Living shorelines 
(LS)

1 1 2 1 2 7 3 0 4 0 4

Wetlands and 
impounded/ altered 
marshes (W)

3 1 0 0 2 6 5 1 0 0 1

Sum 10 18 17 2 18 65 13 48 4 0 52

Living Resources

Biodiversity (B) 3 16 11 1 17 48 5 33 10 0 43

Species of concern 
(SoC)

10 15 18 1 19 63 4 47 12 0 59

Invasive species 
(InS)

2 15 14 0 14 45 3 14 28 0 42

Commercial 
and recreational 
ŉsheries (CRF)

3 15 19 1 14 52 4 42 6 0 48

Sum 15 45 51 2 47 160 11 103 46 0 149

Grand Total 40 139 145 6 142 472 37 370 63 2 435
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TABLE E-2. Summary of adaptation actions to reduce risks to water quality caused by the most signiŉcant climate 
change stressors

STRESSOR ADAPTATION ACTION

Precipitation Reduce pollutant loadings from WWTP during high rainfall events

Precipitation Reduce pollutant loadings from OSTDS during high rainfall events

Precipitation
Reduce pollutant loadings from surface water storage and conveyance infrastructure during high rainfall 
events

Storms Reduce pollutant loadings from WWTP due to more frequent and intense storms

Storms Reduce pollutant loadings from OSTDS due to more frequent and intense storms

Storms
Reduce pollutant loadings from surface water storage and conveyance infrastructure due to more frequent 
and intense storms

Sea Level Rise Reduce pollutant loadings from WWTP caused by rising water table and sea level (inundation, erosion)

Sea Level Rise Reduce pollutant loadings from OSTDS caused by rising water table and sea level (inundation, erosion)

Sea Level Rise
Reduce pollutant loadings from surface water storage and conveyance infrastructure caused by rising water 
table and sea level (inundation, erosion)

STRATEGIES:

To reduce the risk of increased pollutant loadings into the 

IRL watershed caused by the three predominant climate 
change stressors, nine adaptation actions have been 
identified and are described in the following sections. Nine 
Action Plans, designed to facilitate the implementation 
each adaptation action, are described thereafter.

ADAPTATION ACTIONS:

Reduce risk to water quality caused by 
increased pollutant loadings from WWTP and 
conveyance systems during high rainfall events

More frequent and intense rainfall events can cause a 
temporary increase in both inflow (i.e., manhole) and 
infiltration (i.e., broken lateral) into the WWTP conveyance 
system (Figure 2). These increases can quickly overwhelm 
the capacity of the system to effectively transport and 

process the incoming wastewater. Untreated or partially 

treated effluent can outflow into surface and groundwater 
systems along the conveyance pathway or be deliberately 

discharged into canals or waterways as an emergency 

response decision made by plant managers. More frequent 
and intense rainfall events can also result in plant failure11. 

A typical WWTP contains numerous structures and above 
ground piping that are be vulnerable to flooding (Figure 
3). These too can be compromised during high rainfall 

events and result in the contamination of surface and 

groundwater in the IRL watershed.

FIGURE E-2. Schematic of wastewater Ŋow from a 
residential property towards a WWTP

ModiŦed from City of Bryan, Texas

FIGURE E-3. Typical layout of WWTPs in Brevard County 
(left) and St. Lucie County (right)

Credit: Google Earth

���������
����������������

����������
����������

��������
��������

������������
�������

�����
�������������������

���������������
������������

�����������
�����
����������

������
�������

������������
�������

�����
�����������	������������

��������������������

����������������������
��������������

�����������



93 

INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

Reduce risk to water quality caused by 
increased pollutant loadings from OSTDS during 
high rainfall events

More frequent and intense rainfall events can cause a 
temporary increase in pollutant loading from OSTDS by 

enhancing the rate of downward percolation of leachate. 

Rainfall events can temporarily elevate the groundwater 
table and saturate the leach field. In either case, the 
effectiveness of soil absorption and biological treatment of 

leachate is compromised and this can result in an increase 

in pollutant loadings into the groundwater system or 

proximal waterway (Figure 4).

FIGURE E-4. Schematic of typical OSTDS

Credit: Mass.gov

Reduce risk to water quality caused by 
increased pollutant loadings from SWSC 
systems during high rainfall events

More frequent and intense rainfall events can temporarily 
increase the volume and elevation of surface water 

managed in SWSC. Some events are likely to exceed the 
system’s capacity and result in localized flooding. During 
such an event, surface water will likely mix with untreated 
or partially treated wastewater from the concomitant 

failing of WWTP and/or OSTDS, and increased flux of 
fertilizers and other chemical contaminants within the 
system’s domain. This can result in a surge of pollutant 
laden water into the IRL watershed.

Reduce risk to water quality caused by 
increased pollutant loadings from WWTP and 
conveyance systems compromised by more 
frequent and intense storms

Having rainfall during more frequent and intense storms 
can cause a temporary increase in both inflow (i.e., 
manhole) and infiltration (i.e., broken lateral) into the 
WWTP conveyance system (Figure 2). These increases 
can quickly overwhelm the capacity of system to effectively 
transport and process the incoming wastewater. Untreated 

material can outflow into surface and groundwater 
systems along the conveyance pathway or be deliberately 

discharged into canals or waterways as an emergency 

response decision made by plant managers.

A typical WWTP contains numerous structures and above 
ground piping that are vulnerable to flooding and wind 
damage (Figure 3). More frequent and intense storms 
can also result in plant failure, causing the unintended 
release of untreated or partially treated wastewater into 

surface and groundwater systems. More frequent and 
intense storms can cause substrate erosion, resulting in the 
destabilization of footers and foundations. This in turn can 
cause physical damage to both above and below ground 

elements of the conveyance system and physical plant and 

the release of pollutants into the IRL watershed.

Reduce risk to water quality caused by increased 
pollutant loadings from OSTDS compromised by 
more frequent and intense storms

Precipitation associated with more frequent and intense 
storms can cause a temporary increase pollutant 

loading from OSTDS by enhancing the rate of downward 

percolation of leachate towards the groundwater table. 

Heavy rainfall and storm surge can temporarily elevate 
the groundwater table or completely submerge the leach 

field. In either case, the effectiveness of soil absorption and 
biological treatment of leachate is compromised, and this 
can result in an increase in pollutant loadings into the IRL 
watershed. Landfall of more frequent and intense storms 
can also result in substrate erosion and associated physical 

damage to OSTDS located proximal to the IRL shoreline 
(Figure 5). This in turn can result in system failures and 
an increase in pollutant loadings.

FIGURE E-5. Septic tank exposed by coastal erosion

Credit: Miami-Dade County

Reduce risk to water quality caused by 
increased pollutant loadings from SWSC 
systems compromised by more frequent and 
intense storms

Precipitation during more frequent and intense storms 
can temporarily increase the volume and elevation of 

surface water managed by SWSC systems. The capacity 
of conveyance and storage basins can be exceeded during 
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these events, resulting in a surge of surface water onto the 
surrounding landscape (Figure 6). During such an event, 
surface water will likely mix with untreated or partially 
treated wastewater from the concomitant failing of WWTP 
and/or OSTDS and from introduction of fertilizers and 
other chemical contaminants within the system’s domain. 
This can result in a surge of pollutant laden water into the 

IRL watershed.

FIGURE E-6. Surface water storage and conveyance 
system in the St. Lucie Estuary Watershed

Credit: Google Earth

Landfall of more frequent and intense storms can result 
in substrate erosion, physical damage, and corrosion 
of floodgates, weirs, pumps, and other water control 
structures (Figure 7). This, in turn, can result in an increase 
in the failure rate of WWTP, OSTDS, and outfalls within 
the system’s domain, leading to a temporary surge in 
pollutant loadings to surface and groundwater within the 

IRL watershed.

FIGURE E-7. Schematic of typical surface water 
conveyance system

ModiŦed from Southeast Florida Regional Climate Compact

Reduce risk to water quality caused by 
increased pollutant loadings from WWTP and 
conveyance systems compromised by rising 
water table and sea level (inundation, erosion)

Rising water table and sea level will cause disruption to 
WWTP as they are intermittently flooded at increasing 
frequencies12. This can result in an increase in the inflow 
and infiltration into the conveyance system and may result 
in the release of untreated or partially treated wastewater 

into the IRL watershed. Many of these systems will also 
be disrupted by changing base level and associated 

hydraulic head, wherein those relying upon gravity 
flow will no longer perform as designed. Above ground 
structures, piping, and other infrastructure (Figure 3) 
will also suffer chemical (i.e., corrosion) degradation as 
more saline surface and ground waters (i.e., the saltwater 
wedge) migrate landward. During flooding events, physical 
damage is anticipated due to water waves and currents.

Reduce risk to water quality caused by 
increased pollutant loadings from OSTDS 
compromised by rising water table and sea level 
(inundation, erosion)

Rising groundwater and sea level, as well as saltwater 
intrusion (Figure 8), can cause a permanent increase in 
pollutant loading from OSTDS by reducing the effectiveness 

of the leachate field as it becomes increasingly compressed 
(Figure 8) and/or compromised by increasing salinity. 
Substrate erosion caused by water waves and currents 

associated with a landward migrating shoreline will likely 

cause disruption or failure of OSTDS located proximal to 
the IRL shoreline.

FIGURE E-8. Effects of rising sea level on OSTDS located 
close to the IRL include saturation of leaching ŉeld, 
saltwater intrusion into polluted zone, and shoreline 
erosion (see Figure 5)

ModiŦed from Mass.gov

������������������

��������

�����

��������������

����������


������������
��������������


���

	���������� ��������������������


�����������������������	����

�������

�������
���������

����������������

������������������

�������
���������������

����������������

��������������

��������������

�������������������

���������������


���������

����������������

�����������



95 

INDIAN RIVER LAGOON: CLIMATE READY ESTUARY

Reduce risk to water quality caused by 
increased pollutant loadings from SWSC 
systems compromised by rising water table and 
sea level (inundation, erosion)

Rising groundwater and sea level can cause a permanent 
increase in pollutant loading from SWSC systems by 
reducing or eliminating the effectiveness of retention/
detention basins to scrub pollutants as the distance 

between the basin floor and water table becomes 
increasingly compressed. Many of these systems will 

also be disrupted by changing base level and associated 

hydraulic head, wherein those relying upon gravity flow 
will no longer perform as designed. Plants, pump stations, 
outfalls, and other infrastructure can also suffer chemical 
(i.e., corrosion) degradation as more saline surface 
and groundwater (i.e., the saltwater wedge) migrates 
landward. These systems can also be subject to physical 
damage caused by substrate erosion associated with water 

waves and currents (Figure 9).

FIGURE E-9. Newly constructed bafŊe boxes along the 
IRL shoreline in Jensen Beach

Credit: Florida Division of Water Resources Management

ACTION PLANS:

Nine Action Plans are proposed as an initial step towards 
reducing risks to the IRL watershed caused by increased 
pollutant loadings from WWTP, OSTDS, and SWSC systems 
compromised by the three predominant climate stressors 

(Table 3 through Table 5). To advance the recommended 

action plans, the IRLNEP should work with partners 
and stakeholders to produce the following strategic 

deliverables:

1.	 Develop a georeferenced map of all WWTP, OSTDS, and 
SWSC systems, including (invert) elevations, proximity to 
groundwater table and IRL shoreline, and service area.
2.	 Evaluate integrity of all WWTP, OSTDS, and SWSC 
systems (age, design life, service history).

3.	 Evaluate the vulnerability of all WWTP, OSTDS, and 
SWSC systems to the three predominant climate change 
stressors.

4.	Prioritize risks to all WWTP, OSTDS, SWSC systems 
based upon information generated in Steps 1–3. Consider 
prioritizing risks by generating a numerical score based 
upon an assessment of the consequences, spatial scale, 
likelihood, and urgency (Table 6).
5.	 Prepare a comprehensive IRL project list that includes 
upgrades to WWTP, OSTDS, and SWSC infrastructure 
and systems that can reduce vulnerability and threats to 

climate change and sea level rise.

6.	 Identify funding sources and assist partners and 
stakeholders to secure funding to implement priority 

infrastructure improvement projects.

TABLE E-3. Adaptation actions, action plans, and partners to address risks caused by changes in precipitation

ADAPTATION ACTION ACTION PLAN OUTPUT LEAD AGENCIES PARTNER AGENCIES IRLNEP ROLE

Reduce risk to water quality 
caused by increased pollutant 
loadings from WWTP and 
conveyance systems during 
high rainfall events

 Identify and 
implement projects 
that mitigate risk to 
WWTP systems during 
high rainfall events

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from OSTDS during 
high rainfall events

Identify and implement 
projects that mitigate 
risk to OSTDS during 
high rainfall events

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from SWSC systems 
during high rainfall events

Identify and implement 
projects that mitigate 
risk to SWSC systems 
during high rainfall 
events

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate
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TABLE E-4. Adaptation actions, action plans, and partners to address risks caused by increasing storminess

ADAPTATION ACTION ACTION PLAN OUTPUT LEAD AGENCIES PARTNER AGENCIES IRLNEP ROLE

Reduce risk to water quality 
caused by increased pollutant 
loadings from WWTP 
and conveyance systems 
compromised by more frequent 
and intense storms

Identify and implement 
projects that mitigate 
risk to WWTP and 
conveyance systems 
compromised by more 
frequent and intense 
storms

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from OSTDS 
compromised by more frequent 
and intense storms

Identify and implement 
projects that OSTDS 
compromised by more 
frequent and intense 
storms

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from SWSC systems 
compromised by more frequent 
and intense storms

Identify and implement 
projects that mitigate 
risk to SWSC systems 
compromised by more 
frequent and intense 
storms

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

TABLE E-5. Adaptation actions, action plans, and partners to address risks caused by rising water table and sea level

ADAPTATION ACTION ACTION PLAN OUTPUT LEAD AGENCIES PARTNER AGENCIES IRLNEP ROLE

Reduce risk to water quality 
caused by increased pollutant 
loadings from WWTP 
and conveyance systems 
compromised by rising water 
table and sea level (inundation, 
erosion)

Identify and implement 
projects that mitigate 
risk to WWTP systems 
compromised by 
rising water table and 
sea level (inundation, 
erosion)

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from OSTDS 
compromised by rising water 
table and sea level (inundation, 
erosion)

Identify and implement 
projects that mitigate 
risk to OSTDS 
compromised by 
rising water table and 
sea level (inundation, 
erosion)

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

Reduce risk to water quality 
caused by increased pollutant 
loadings from SWSC systems 
compromised by rising water 
table and sea level (inundation, 
erosion)

Identify and implement 
projects that mitigate 
risk to SWSC systems 
compromised by 
rising water table and 
sea level (inundation, 
erosion)

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

See Appendix D. 
Organizational 
Network of RAP and 
BMAP Partners in the 
IRL Watershed

Conduct, collaborate, 
and coordinate

TABLE E-6. Risk analysis scoring matrix

CONSEQUENCE SPATIAL EXTENT OF IMPACT LIKELIHOOD TIME HORIZON

1. Low (could adjust, life will go on)
1. Site (bridge, stormwater 
outŊow) 1. Low 1. > 10 years

2. Medium 2. Place (wildlife refuge) 2. Medium 2. 5-10 years

3. High (catastrophic, major disruption) 3. Region (watershed)
3. High (very likely, 
predictable)

3. Already occurring or < 5 years
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OUTCOMES:

•	 �Short-term (1–2 years): IRL Council and IRLNEP 
develop, prioritize, and update the IRL restoration 
project list and 6 strategic deliverables outlined above.

•	 �Medium-term (3–4 years): IRL Council and 
IRLNEP assist Management Conference partners and 
stakeholders complete high priority projects.

•	 �Long-term (5–10+ years): Significant progress is 
made by the IRL Council, IRLNEP, and its partners to 
implement and track progress. The IRLNEP works with 
DEP and BMAP partners to identify new technologies, 
methodologies, and approaches (example: nutrient 
credit trading) that can accelerate TMDL compliance and 
decease costs. By 2030, the IRL is well positioned with 
active projects and adequate funding to be a climate-
ready estuary.

BARRIERS TO SUCCESS:

•	 �Absence of a proactive and positive vision and strategic 

plan for the future.

•	 �Need for new technology development to advance 
coastal resiliency.

•	 �Inadequate financial resources to meet the scale of the 
needs.

•	 �Legal and regulatory impediments.
•	 �Need to connect knowledge and awareness to behavior 

changes that reduce or mitigate risks.
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