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Abstract: The dynamics of an environmental decision-making context can be complicated. The use of
decision support tools can help better facilitate restoring and maintaining ecosystems that provide
environmental benefits (ecosystem services) to people. Although an ecosystem services assessment
tool is designed for specific purposes, having access to a comprehensive suite of tools offers the user
additional insight and resources to help in decision making. A range of approaches exist to connect
ecosystem services to a given decision context ranging from less to more complex: using the best
professional judgment; applying examples from other efforts; testing individual tool applications;
and using a systematic, decision-tree approach to navigate among relevant tools and frameworks.
The U.S. Environmental Protection Agency developed a decision-tree approach for a user to navigate
the question of how to choose among a suite of ecosystem services assessment tools for three decision
contexts: (1) ecological risk assessments; (2) cleanup of contaminated sites; (3) and generic structured
decision-making processes. This tool selection navigator was developed with/for the intended user,
including developing crosswalks between tool functionality and the user’s language for what they
require in a tool. To navigate the tool, the user first chooses one of three decision contexts. Second,
the user selects among the different phases of the decision process. Third, the user selects among
a few ecosystem-services related tasks relevant to the decision context chosen to identify potential
tools. The tool uses simple language to navigate the decision pathways and provides the user with a
suite of potential ES resources and tools for their given decision context.

Keywords: ecosystem services; decision support; ecological risk assessment; contaminated site
cleanup; decision-tree approach; user-centric design

1. Introduction

Ecosystem goods and services (abbreviated here as ES) contribute to our well-being
and the well-being of our communities in ways that often are not recognized until they are
negatively impacted. U.S. Environmental Protection Agency (EPA) researchers have spent
the last two decades advancing the science of ES, including the development of a number
of different ES assessment decision-support tools (see below) to help project teams examine
and incorporate ES benefits into their environmental planning and decision processes.
Integrating ES assessment tools into the decision-making process where appropriate can
increase the visibility of these benefits, strengthening community and environmental
decision-making efforts.

It can be challenging for risk assessors, contaminated site cleanup practitioners, or
others interested in environmental decision making to figure out the best ES assessment
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tool(s) to utilize. Many approaches exist for connecting ES to a given environmental
decision-making context/process. In order of less to more complex, they range from:
using best professional judgment, e.g., [1]; finding examples from other efforts to ap-
ply; testing individual tool applications; and using a systematic, decision-tree approach,
e.g., [2,3] to navigate among potentially relevant ES tools and frameworks applicable
to that decision-making process. While examples exist for the first two approaches, the
third approach to navigate among ES tools does not exist in the literature. To address
these challenges, the decision-tree approach was developed into a tool selection por-
tal for a range of decision contexts, using a translational science approach focused on
the needs of the potential users. The EPA Ecosystem Services (ES) Tool Selection Portal
(https://www.epa.gov/eco-research/ecosystem-services-tool-selection-portal, accessed
on 21 January 2024) (abbreviated here as the Portal) was co-developed with end-users to
help guide environmental decision makers, ES scientists, and others in choosing among the
most relevant suite of ES assessment tools, frameworks, and methodologies for application
in a range of decision-making contexts. The Portal features a decision-tree approach for a
user to choose among a suite of ES assessment tools for three different types of decision
contexts: Ecological Risk Assessments (ERA), Contaminated Site Cleanups, and a more
generalizable, Other Decision-Making Contexts.

An ERA process evaluates the likely environmental impacts from exposure to envi-
ronmental stressors [4–6]. Site cleanups may be needed because of contamination through
spills, leaks, and other impacts of hazardous materials contaminating land, ground and
surface water, and indoor and outdoor air. Finally, for the Other Decision-Making Contexts
pathway, ES assessments can be considered for the generic steps in structured decision-
making [7]. That is, this pathway is relevant to any decision context [8].

2. ES Assessment Tools—Overview

The Portal was developed with and for the intended user, including the development
of crosswalks between the end user’s language and descriptions of ES tool functionality to
help the user select relevant and appropriate tools for their decision context. The Portal
provides users with a simple process for selecting which tool is best for their specific needs.
A suite of publicly available EPA tools that examine ES were reviewed for relevance to a
tool selection portal designed to connect ES assessment tools to different steps in assorted
environmental decision-making processes. For inclusion in the Portal, these tools needed
to meet several criteria: (1) they are actively in use, completed EPA peer review, and are
publicly available; and (2) had ES elements or endpoints as a key feature. A total of 11 EPA
tools, frameworks, and methodologies deemed relevant for supporting environmental
decision-making were included in the Portal. These include the tools described below.

2.1. NESCS Plus

The National Ecosystem Services Classification System (NESCS Plus (https://www.
epa.gov/eco-research/national-ecosystem-services-classification-system-nescs-plus, ac-
cessed on 21 January 2024)) is a framework-based tool used to identify potential ES for
a given decision context [8]. A classification system uses a standardized vocabulary [9]
and the NESCS Plus uses codes to describe a taxonomy of classes and sub-classes [10].
The NESCS Plus also provides a common ES language that can be useful for analyzing
and communicating ES information for a given decision. The NESCS Plus has linkages to
multiple EPA tools such as the Final Ecosystem Goods and Services (FEGS) Scoping Tool,
the EcoService Models Library, and the EnviroAtlas) using a common language [10]. The
NESCS Plus does not require extensive expertise; however, familiarity with using online,
interactive databases is helpful.

The NESCS Plus can be used to answer questions like:

• What components of nature (e.g., water, fauna, flora, etc.) are being used or valued by
people?

• Who are the people and economic sectors that benefit from ES?

https://www.epa.gov/eco-research/ecosystem-services-tool-selection-portal
https://www.epa.gov/eco-research/national-ecosystem-services-classification-system-nescs-plus
https://www.epa.gov/eco-research/national-ecosystem-services-classification-system-nescs-plus
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• How do these people benefit (e.g., direct use, existence value, etc.) from ES?

The reader is pointed to a suite of existing NESCS Plus case studies (https://www.epa.
gov/eco-research/national-ecosystem-services-classification-system-nescs-plus-case-studies,
accessed on 21 January 2024) to learn more about potential applications including limita-
tions or considerations of the tool [10–22].

2.2. FEGS Metrics Report

The FEGS Metrics Report presents a transparent approach to identify and select case-
specific environmental attributes and user-specific metrics for a given decision-making
context [23]. The report guides users through more than 200 metrics capturing 45 ways in
that people directly benefit from ecosystems (called final ecosystem goods and services, or
FEGS) in order to answer the question, “How can I identify and develop metrics for new
ecosystems or beneficial uses?” No specific expertise is needed to use the report.

The FEGS Metrics Report can be used to answer questions like:

• How can I identify and develop metrics for new ecosystems or beneficial uses?
• What metrics should I use to measure final ecosystem goods and services?
• What are suggested data sources for these metrics at regional and national scales?
• Are there remotely sensed datasets or models available for these metrics at regional

and national scales?

In addition to the FEGS Metrics Report (https://www.epa.gov/eco-research/final-
ecosystem-goods-and-services-fegs-metrics-report, accessed on 21 January 2024), the user
is directed to a detailed spreadsheet of FEGS metrics for seven ecosystem types. Overall,
the FEGS Metrics Report can be used in conjunction with other tools in the Portal, helping
the user define very specific metrics for monitoring the condition and status of ES identified
by other tools. The reader is directed to the report [23] for examples in different ecosystem
types.

2.3. FEGS Scoping Tool

The FEGS Scoping Tool (https://www.epa.gov/eco-research/final-ecosystem-goods-
and-services-fegs-scoping-tool, accessed on 21 January 2024) uses a transparent and repeat-
able approach for identifying and prioritizing among stakeholders, documenting the ways
stakeholders benefit from the environment, and identifying components of the environment
needed to realize benefits for a specific decision or decision context [24]. Familiarity with
the stakeholder groups involved in a decision is the only requirement to use the tool.

The FEGS Scoping Tool can help answer questions like:

• How are stakeholder groups benefiting from the environment?
• What components of the environment are needed to realize those benefits?
• What interests do different groups have in common?

The downloadable FEGS Scoping Tool also comes with a user manual [24].

2.4. EnviroAtlas

The EnviroAtlas (https://www.epa.gov/enviroatlas, accessed on 21 January 2024) is
an interactive web-based tool containing more than 400 environmental and social geospatial
data layers that can be used for a given decision-making context [25]. The EnviroAtlas
requires little expertise; familiarity with using online geospatial maps, selecting, and
viewing different data layers are helpful.

The EnviroAtlas can be used to answer questions like:

• What national, community, and demographic datasets can I map at my site?
• How do the natural environment and ES vary around my site?
• How can EnviroAtlas maps and tools help me tell the story about the status of local

environments, populations, and contaminated sites needing improvement?

Example applications of the EnviroAtlas can be found in [26–29].

https://www.epa.gov/eco-research/national-ecosystem-services-classification-system-nescs-plus-case-studies
https://www.epa.gov/eco-research/national-ecosystem-services-classification-system-nescs-plus-case-studies
https://www.epa.gov/eco-research/final-ecosystem-goods-and-services-fegs-metrics-report
https://www.epa.gov/eco-research/final-ecosystem-goods-and-services-fegs-metrics-report
https://www.epa.gov/eco-research/final-ecosystem-goods-and-services-fegs-scoping-tool
https://www.epa.gov/eco-research/final-ecosystem-goods-and-services-fegs-scoping-tool
https://www.epa.gov/enviroatlas
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2.5. EcoService Models Library

The online EcoService Models Library (https://esml.epa.gov/, accessed on 21 January
2024) (ESML) database is used to find and compare potential ecological models for quanti-
fying ES for a given decision context [30]. The ESML requires a medium level of expertise;
familiarity with ecological modeling concepts and the ability to search an online database
are helpful.

The ESML can be used to answer questions like:

• What models are available for specific ES?
• What models are available for specific environment types?
• What models are available for specific Ecological Assessment Endpoints?

There are over 150 ecological models with NESCS Plus response variables such as [31–33].

2.6. Eco-Health Relationship Browser

The interactive Eco-Health Relationship Browser (https://www.epa.gov/enviroatlas/
enviroatlas-eco-health-relationship-browser, accessed on 21 January 2024) visually shows
linkages between human health and ES through connections identified in the peer-reviewed
literature [34]. This tool includes information about different ecosystem types, the services
provided, and how those ES may affect people. The Eco-Health Relationship Browser does
not require extensive expertise; it only requires familiarity with using an online interactive
series of pathways.

The Eco-Health Relationship Browser can help answer questions like:

• What scientific evidence is available on linkages between ES and human health?
• How can green spaces such as urban forests, parks, and gardens improve human

health?
• How can greening an area (for example, planting trees) affect air quality, water quality,

and heat hazard mitigation?

2.7. EPA H2O

The EPA H2O mapping tool can be used to calculate ES for different scenarios of
land use [35]. Users map ES, complete spatial queries, and generate customized reports to
compare scenarios. This tool was initially developed for the Tampa Bay area but can be
applied to other areas by users who have expertise using GIS.

The EPA H2O tool can help answer questions like:

• How do land-use scenarios at my site affect services (for example, flood protection
and natural removal of pollution from the air and water)?

• How do land-use scenarios affect costs (for example, health care, wastewater treatment,
and stormwater infrastructure)?

• How do land-use scenarios at my site affect flood protection?

The EPA H2O tool (https://www.epa.gov/water-research/ecosystem-services-scenario-
assessment-using-epa-h2o, accessed on 21 January 2024) has a Basic Module and an Ad-
vanced Module. The Basic Module is intended for users with no experience with geo-
graphical information system software and can be used to generate maps and reports for
areas within the Tampa Bay Region. The Advanced Module is for users who are comfort-
able working with spatial datasets to substitute in data from other locations and more
customized scenarios.

There are several publications on the EPA H2O tool [36–38].

2.8. Practical Strategies Report

The Practical Strategies (for Integrating Final Ecosystem Goods and Services into Com-
munity Decision-Making) synthesis report (https://cfpub.epa.gov/si/si_public_record_
report.cfm?dirEntryId=337461&Lab=NHEERL, accessed on 21 January 2024) describes the
EPA’s Office of Research and Development’s research to connect ES benefit assessments to
environmental decision making [7]. The report presents examples of place-based studies

https://esml.epa.gov/
https://www.epa.gov/enviroatlas/enviroatlas-eco-health-relationship-browser
https://www.epa.gov/enviroatlas/enviroatlas-eco-health-relationship-browser
https://www.epa.gov/water-research/ecosystem-services-scenario-assessment-using-epa-h2o
https://www.epa.gov/water-research/ecosystem-services-scenario-assessment-using-epa-h2o
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=337461&Lab=NHEERL
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=337461&Lab=NHEERL
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that utilized ES to inform decision making and identified best practices and gaps in those
practices. No expertise is needed to use the report.

The Practical Strategies Report can be used to answer questions like:

• What are some strategies for identifying potential ES objectives?
• What are some strategies for evaluating ES trade-offs?
• What are some strategies for communicating ES risks and benefits?

2.9. Rapid Benefit Indicator Approach

The Rapid Benefit Indicator (RBI) approach (https://www.epa.gov/water-research/
rapid-benefit-indicators-rbi-approach, accessed on 21 January 2024) allows users to es-
timate and quantify environmental benefits of an ecological restoration decision [39–41].
It includes a fillable checklist and a spatial analysis toolset to help users develop and
summarize indicators. The RBI requires low to medium level expertise. The tool requires fa-
miliarity with or knowledge of the sites and surrounding area. The tool contains a checklist
format as well as a Spatial Analysis Toolset. No expertise is needed to use the checklist, but
familiarity with geographical information systems (e.g., ESRI’s desktop software, ArcMap,
or ArcCatalog) aids with the Spatial Analysis Toolset.

The RBI approach can be used to answer questions like:

• How do I prioritize among restoration sites and projects?
• How can I determine who may benefit from a project?
• How can I evaluate trade-offs?

2.10. VELMA

The VELMA (Visualizing Ecosystem Land Management Assessments) modeling plat-
form (https://www.epa.gov/water-research/visualizing-ecosystem-land-management-
assessments-velma-model, accessed on 21 January 2024) can be used to improve the water
quality of streams, rivers, and estuaries by using engineered and natural green infrastruc-
ture (GI) to reduce pollution from point and nonpoint sources. It is designed to help users
assess green infrastructure options for controlling the fate and transport of water, nutrients,
and contaminants across multiple spatial and temporal scales for different ecoregions
and present and future climates. The VELMA platform was designed for a variety of
users, including scientists, engineers, land managers and policymakers, and individual
communities and stakeholder groups.

The VELMA platform requires advanced expertise; familiarity with geospatial math-
ematical modeling concepts is helpful. The VELMA platform can be used to answer
questions like:

• How can green infrastructure impact water quality and contaminants at my site?
• How do climate scenarios affect ES at my site?
• How resilient will my green infrastructure solution be over time?

There are numerous publications and presentations about VELMA on the VELMA
website [42–46].

2.11. CADDIS

The online CADDIS (Causal Analysis/Diagnosis Decision Information System) tool
(https://www.epa.gov/caddis, accessed on 21 January 2024) for use in causal assessments
of stressors on an ecosystem [47]. The tool uses a step-by-step approach to stressor identifi-
cation, based on the U.S. EPA’s Stressor Identification Guidance Document, and describes
additional tools and information and helpful for assessments. The CADDIS tool requires a
medium level of expertise; CADDIS is designed for use by scientists and engineers familiar
with ecological and environmental stressor data.

The CADDIS tool can be used to answer questions like:

• What stressors could be impacting ES at my site?

https://www.epa.gov/water-research/rapid-benefit-indicators-rbi-approach
https://www.epa.gov/water-research/rapid-benefit-indicators-rbi-approach
https://www.epa.gov/water-research/visualizing-ecosystem-land-management-assessments-velma-model
https://www.epa.gov/water-research/visualizing-ecosystem-land-management-assessments-velma-model
https://www.epa.gov/caddis
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• What are the sources (land uses or entities) that directly or indirectly result in stressors
at my site?

• What data analysis approaches can help me understand stressors at my site?

There are numerous publications and presentations about CADDIS on the CADDIS
website [48–52].

2.12. Individual ES Tool Summary

Each of the 11 ES assessment tools has an overview page within the Portal that provides
a high-level overview, additional references, and a hyperlink to the tool’s web page. At the
top of each page is a brief description of the tool. There are three dropdown headers for
each decision pathway where the user can get a snapshot of which steps in each decision
pathway a given ES assessment tool could be used.

A metadata summary table is at the bottom of each tool summary page (Figure 1).
There, the user can learn about the level of expertise needed to use the tool, as well as
information about the level of effort required. The summary table also provides some
example questions that the tool might be able to answer, as well as a list of tasks the tool
can help with. Finally, the summary table includes several hyperlinked resources providing
more information; all point to peer-reviewed information.
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3. The Portal

Decision support tools are designed to be used across a wide range of decision pro-
cesses [53]. The Portal is designed to use the language and decision steps for three different
decision processes (paths), allowing decision-makers to use familiar language to identify
appropriate tools and when they might be used. Each of the three decision processes of the
Portal follows a different path, has different points at which these tools would be useful,
and uses different language for describing those points.

3.1. Using a Decision-Tree Approach

There are a range of potential approaches for connecting ES to a given environmental
decision-making context/process. In order of least to most complex, they range from:

• Using best professional judgment;
• Finding relevant examples from other efforts;
• Testing individual tool applications;
• Using a systematic, decision-tree approach to navigate among potentially relevant ES

tools and frameworks relevant to that decision-making process.
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The Portal represents the latter systematic, decision-tree approach. The navigation of
the Portal is designed to walk the user through these sets of choices with four simple steps.

Step 1—Involves selecting one of the three paths (Ecological Risk Assessment [54–56];
Contaminated Site Cleanup, or Other Decision-Making Contexts) to start the journey. For
each choice, there are several individual descriptors for the user to “Choose this path if you
are: . . .”.

Step 2—Walks the user through answers to the question “I want help incorporating
ecosystem services into. . .” These choices represent the process steps for that path (i.e., the
five generic steps in an ERA; the five generic steps in a Contaminated Site Cleanup; and the
six generic steps in structured decision making for the Other Decision-Making Contexts).

Step 3—Walks the user through identifying potential connections between a given step
within their chosen decision process (pathway) and the potential utility of ES science to
inform that step. This represents the language crosswalk between what an ES tool might be
used for any given effort and the language of the phases of the three pathway options. The
complete set of crosswalk tables for all three pathways is presented in the Supplementary
Materials.

After the user navigates the first three steps, the Portal then sends the user to Step
4, a short list of potential EPA ES Assessment Tools that match their interest. There is a
matching tool page for each of the 11 tools, with the overview content designed for the user
as the primary audience. This matching tool page helps highlight how the tool aligns with
the specific user’s need. If the user wants to explore one of the tools, a link to that tool is
included.

With the use of breadcrumbs, a step-tracking progress bar, and Back/Next buttons,
the Portal is designed for easy and quick navigation. Obtaining matching tool results takes
only as long as the user needs to answer the questions and make choices about potentially
relevant ES activities. This is helpful for a user that may want to explore more than one
path for their application. For example, in brownfields, the community may not know if
their site is contaminated, lightly contaminated, or not contaminated (where no cleanup
is required) until they have completed their assessment. In this example, the user might
explore both the Contaminated Site Cleanup and the Other Decision-Making Contexts
pathways.

3.2. Cross Walking between ES Tools and Decision Steps

Portal developers worked with risk assessors, contaminated site cleanup practition-
ers, and decision scientists to develop crosswalks between individual ES tools and the
specific steps for each of the three pathways. A series of co-developed workshops were
held with these audiences to introduce ES concepts and tools and better understand the
language used by those practitioners. This allowed the Portal developers’ work to trans-
late between disciplines for each of the three decision pathways. For the ERA pathway,
this represented an advancement of earlier work done on ES-related generic ecological
assessment endpoints [57] as described in [58]. For the Contaminated Site Cleanup path-
way, this represented an advancement of earlier work done on introducing ES concepts
in cleanup contexts [59]. For the Other Decision-Making Contexts, this represented an
advancement of earlier efforts on identifying practical strategies for introducing ES into
community decision-making [7]. As an outcome of these workshops, relevant ES activities
were identified for each step within each of the three decision pathways (see below for
Paths 1–3).

Each of the 11 ES tools were then individually examined for their potential appli-
cation/relevance for each of ES the activities identified for all three decision pathways.
For a given ES tool, at least four co-authors conducted this analysis step. Investigator
triangulation [60] was used to first individually interpret the same information, and then,
to reach group consensus for the crosswalk results.
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3.3. Path 1: Ecological Risk Assessments

The ERA pathway in the Portal is valuable to users who may be:

• Evaluating possible impacts of environmental stressors (e.g., disease, chemicals, or
invasive species);

• Predicting the likelihood of future effects;
• Using an ERA in Remedy decisions;
• Preparing and/or reviewing ERAs.

For Step 2 of the ERA pathway, the user identifies one or more of the generic ERA steps
of interest: Planning and Scoping; Problem Formulation; Analysis; Risk Characterization;
and Risk Communication.

For Step 3 of the ERA pathway, the user chooses among potentially relevant ES
connections by answering the question, “I want help incorporating ecosystem services
into. . .?” and selecting from a range of options that are tied to that given ERA step (Table 1).

Table 1. Translating potentially relevant ecosystem services activities for the different steps in an
Ecological Risk Assessment.

ERA Step Relevant ES Activity

1. Planning and Scoping

Identify and prioritize stakeholders and ES

Map ES and biodiversity at the site

Identify established links between ES and human health

Identify potential ES using clearly defined terms and a comprehensive list

2. Problem Formulation

Identify and prioritize stakeholders and ES

Map ES and biodiversity at the site

Create conceptual model for how stressors impact ES

Identify potential ES using clearly defined terms and a comprehensive list

3. Analysis

Estimate stressors and impacts on ES

Map ES and biodiversity

Map alternative land-use scenarios and ES, and impacts

Find models for estimating ES

4. Risk Characterization

Estimate stressors and impacts on ES

Map alternative land-use scenarios and ES, and impacts

Map pollution sources and impacts

Examine ES risks and benefits to compare and communicate decision alternatives

Find strategies for incorporating ES into monitoring

Map ES and biodiversity

5. Risk Communication

Estimate stressors and impacts on ES

Identify established links between ES and human health

Map alternative land-use scenarios and ES, and impacts

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify and prioritize stakeholders and ES

Identify potential ES using clearly defined terms and a comprehensive list

Examine ES risks and benefits to compare and communicate decision alternatives

Once the user selects the radio buttons of interest, a tool matches table appears in Step
4, providing a list of ES tools relevant to those selected buttons. Figure 2 shows an example
where the user chose all four potential ES connections for the ERA step in Planning and



Sustainability 2024, 16, 1739 9 of 19

Scoping and resultant tools. Links contained within the tool matching table take the user to
an overview page for a given tool, whereby the user can learn more about that tool and its
potential relevance for their application.

Sustainability 2024, 16, x FOR PEER REVIEW  9  of  19 
 

Once the user selects the radio buttons of  interest, a tool matches table appears  in 

Step 4, providing a list of ES tools relevant to those selected buttons. Figure 2 shows an 

example where the user chose all four potential ES connections for the ERA step in Plan-

ning and Scoping and resultant tools. Links contained within the tool matching table take 

the user to an overview page for a given tool, whereby the user can learn more about that 

tool and its potential relevance for their application. 

 

Figure 2. Example of matching ES Tools for all relevant ES activities in the ERA step: Planning and 

Scoping. 

3.4. Path 2: Contaminated Site Cleanups 

The Contaminated Site Cleanup pathway in the Portal is valuable to users who may be: 

 Doing a preliminary assessment or investigation of a contaminated site; 

 Planning or engaged in cleanup or reuse of a contaminated site;   

 Working with a Contaminated Site process or model. 

For Step 2 of the Contaminated Site Cleanup pathway, the user identifies one or more 

of the generic cleanup steps of interest: Site Assessment; Site Investigation and Alterna-

tives Evaluation; Remedy Selection; Remedy Implementation; and Post-Construction Ac-

tivities. These steps were  intended  to be generic enough  that  they can be connected  to 

specific clean-up processes (e.g., CERCLA [61], RCRA [62], Brownfields [63]). 

For Step 3 of the Contaminated Site Cleanup pathway, the user chooses among po-

tentially relevant ES connections by answering the question, “I want help incorporating 

ecosystem services  into…?” and selecting  from a  range of options  that are  tied  to  that 

given Contaminated Site Cleanup step (Table 2). 

   

Figure 2. Example of matching ES Tools for all relevant ES activities in the ERA step: Planning and
Scoping.

3.4. Path 2: Contaminated Site Cleanups

The Contaminated Site Cleanup pathway in the Portal is valuable to users who may
be:

• Doing a preliminary assessment or investigation of a contaminated site;
• Planning or engaged in cleanup or reuse of a contaminated site;
• Working with a Contaminated Site process or model.

For Step 2 of the Contaminated Site Cleanup pathway, the user identifies one or more
of the generic cleanup steps of interest: Site Assessment; Site Investigation and Alternatives
Evaluation; Remedy Selection; Remedy Implementation; and Post-Construction Activities.
These steps were intended to be generic enough that they can be connected to specific
clean-up processes (e.g., CERCLA [61], RCRA [62], Brownfields [63]).

For Step 3 of the Contaminated Site Cleanup pathway, the user chooses among po-
tentially relevant ES connections by answering the question, “I want help incorporating
ecosystem services into. . .?” and selecting from a range of options that are tied to that given
Contaminated Site Cleanup step (Table 2).

Table 2. Translating potentially relevant ecosystem services activities for the different steps in a
Contaminated Site Cleanup context.

Contaminated Site Cleanup Relevant ES Activity

1. Site Assessment

Identify established links between ES and human health

Map ES and biodiversity

Identify and prioritize stakeholders and ES

Create conceptual model for how stressors impact ES

Identify potential ES using clearly defined terms and a comprehensive list

Identify most relevant and meaningful final ecosystem goods and services metrics
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Table 2. Cont.

Contaminated Site Cleanup Relevant ES Activity

2. Site Investigation and Alternatives
Evaluation

Identify established links between ES and human health

Identify most relevant and meaningful final ecosystem goods and services metrics

Estimate stressors and impacts on ES

Map ES and biodiversity

Find models for estimating ES

Identify and prioritize stakeholders and ES

Examine ES risks and benefits to compare and communicate decision alternatives

3. Remedy Selection

Examine ES risks and benefits to compare and communicate decision alternatives

Map ES and biodiversity

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify and prioritize stakeholders and ES

4. Remedy Implementation

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify potential ES using clearly defined terms and a comprehensive list

Identify and prioritize stakeholders and ES

5. Post-Construction Activities

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify potential ES using clearly defined terms and a comprehensive list

Examine ES risks and benefits to compare and communicate decision alternatives

Figure 3 shows an example where the user chose all four potential ES connections for
the ERA step in Remedy Selection.
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Figure 3. Example of matching ES Tools for all relevant ES activities in the Contaminated Site Cleanup
step: Remedy Selection.

3.5. Path 3: Other Decision-Making Contexts

The Other Decision-Making Contexts pathway in the Portal is valuable to users who
may:
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• Work towards a goal that is not ERA or contaminated site cleanup (for example,
natural resource management, park and recreation planning, habitat restoration, and
stormwater management);

• Have a general interest in ES.

As an example, a city contemplating development of a vacant lot may want a way
to evaluate proposals in a way that considers economic benefits as well as additional
benefits that may result from taking a more comprehensive view of the site’s potential. In a
different example, an organization may want to assess the ES impacts of past decisions to
communicate their value to constituents.

For Step 2 of the Other Decision-Making Contexts pathway, the user identifies one
or more of the generic Other Decision-Making Contexts steps of interest: Clarifying the
Decision Context; Defining Objectives; Developing Alternatives; Estimating Consequences;
Evaluating Trade-Offs and Select; and Implementing, Monitoring, and Reviewing. These
generic steps match those used by [7,8].

For Step 3 of the Other Decision-Making Contexts pathway, the user chooses among
potentially relevant ES connections by answering the question, “I want help incorporating
ecosystem services into. . .?” and selecting among a range of options that are tied to that
given Other Decision-Making Contexts step (Table 3).

Table 3. Translating potentially relevant ecosystem services activities for the different steps in the
Other Decision-Making Contexts pathway.

Other Decision-Making Contexts Relevant ES Activity

1. Clarifying Decision Context

Identify and prioritize stakeholders and ES

Identify potential ES using clearly defined terms and a comprehensive list

Find strategies for identifying relevant ES objectives and impacts

2. Defining Objectives

Identify established links between ES and human health

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify potential ES using clearly defined terms and a comprehensive list

Identify and prioritize stakeholders and ES

Find strategies for identifying relevant ES objectives and impacts

3. Developing Alternatives Identify potential ES using clearly defined terms and a comprehensive list

4. Estimating Consequences

Identify established links between ES and human health

Map people and built spaces

Find models for estimating ES

Create conceptual model for how stressors impact ES

Estimate stressors and impacts on ES

Map alternative land-use scenarios and ES, and impacts

Examine ES risks and benefits to compare and communicate decision alternatives

5. Evaluating Trade-Offs and Select
Find strategies for evaluating ES

Identify and prioritize stakeholders and ES

6. Implementing, Monitoring, and
Reviewing

Identify most relevant and meaningful final ecosystem goods and services metrics

Identify potential ES using clearly defined terms and a comprehensive list

Find strategies for incorporating ES into monitoring

Figure 4 shows an example where the user chose both potential ES connections for the
Other Decision-Making Contexts step in Evaluating Trade-Offs and Select.
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4. Example Applications

Below we present three hypothetical example applications of the Portal to demonstrate
the functionality of the Portal for Ecological Risk Assessment, Contaminated Site Cleanups,
and Other Decision-Making Contexts. These examples represent different types of environ-
mental decisions, but the Portal steps were followed in a similar manner. These examples
also highlight how different users may select the same tool for different needs. For example,
the FEGS Scoping Tool was identified as a possible ES tool in each case study below, but
for different intended purposes. In Case Study 1, it was recommended for identifying and
prioritizing stakeholders in the Problem Formulation step in an ERA. In Case Study 2, it
was recommended for identifying and prioritizing stakeholders in the Site Assessment
and Site Investigations and Alternatives Evaluation steps in a Contaminated Site Cleanup.
Finally, in Case Study 3, it was recommended for identifying and prioritizing stakeholders
in the Defining Objectives step in the Other Decision-Making Contexts pathway.

The use of these tools is also likely to increase the quality of the decision process, by
increasing the quantity and quality of data being considered. For example, in each of these
cases, the use of the FEGS Scoping Tool requires a more structured, comprehensive, and
holistic consideration of stakeholders and their relationship with the environment, economics,
and societal health and well-being. Without its use, stakeholder identification is more likely to
be ad hoc, overlooking less common stakeholder groups or environmental uses.

4.1. Case Study 1: Ecological Risk Assessment

In the first case study, decision makers wanted to determine whether to elevate the
priority for cleanup of a former heavy metal mine. They were early in their process and
were interested in characterizing potentially relevant ES related to the acid mine drainage
footprint as part of a larger ERA. Looking at Step 1 in the Portal, the team determined that
they are interested in the Ecological Risk Assessment pathway.

As the project is early in development, in Step 2, the team chose Planning and Scoping,
and Problem Formulation. In Step 3, the team chose a series of potentially relevant ES
activities.

Step 4 yielded five potential ES tools for the team to consider (Figure 5).
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The team met with several ES tool experts to determine which tools to apply and
develop a strategy. These discussions included intentional efforts to focus on correct,
accessible terminology as part of translating between disciplines. The team decided to
apply several initially including:

• The FEGS Scoping Tool—The team’s focus would be on stakeholders, how they’re
impacted by the site, and how these relationships inform a narrative for the site about
whether to elevate the priority of site cleanup.

• The NESCS Plus—The team’s focus would be used to identify ES that would be
reasonable to have on site after cleanup based on beneficiaries of interest, supporting
the effort to develop outcome scenarios that can be used in the site’s narrative about
whether to elevate the priority of cleanup.

• The EnviroAtlas—The team’s focus would be to identify aspects of the site/area as
it informs a prioritization narrative. It could also be applied later as part of a deeper
dive into the site, potential mitigation options, and clarification of data limitations.

• The Eco-Health Relationship Browser—The team’s focus would be to show connec-
tions between the site and human health as there appears to be more than just envi-
ronmental impacts with potentially relevant connections to human health.

As for CADDIS, the team determined that they needed more information on the suite
of existing environmental data at the mining site/neighboring area to examine it in the
context of the CADDIS’ data and resource needs to make there were resources to apply it.

4.2. Case Study 2: Contaminated Site Cleanup

In the second case study, decision makers wanted to determine how to remediate the
land around a former mining/smelter site to include environmental benefits (creation of
a park). They were further along in the cleanup process than the first case study (at the
Remedial Investigation stage) and were interested in engaging the Technical Assistance
Needs Assessment group [64] to identify potential redevelopment options. Looking at
Step 1 in the Portal, the team determined that they were interested in the Contaminated
Site Cleanup pathway (although the Ecological Risk Assessment pathway could also be
followed).
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As the project was further in development, in Step 2, the team chose two phases: Site
Assessment and Site Investigations and Alternatives Evaluation to bracket where the site
is in the cleanup process. In Step 3, the team focused their efforts translating between
disciplines chose a series of potentially relevant ES activities (Figure 6, left side). Step 4
yielded four potential ES tools for the team to consider (Figure 6, right side).
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Using a strategy like the first case study, the team met with several ES tool experts to
determine which tools to consider based on their project’s goals (and where they were in
the cleanup process). The team also decided to look for opportunities to incorporate ES
tools, concepts, assessment endpoints, and models into the steps of the ERA work plan.

4.3. Case Study 3: Other Decision-Making Contexts

In the third case study, decision makers wanted to further advance the consideration
of reintroduction of an Endangered Species Act [65] listed species into an area that has
not had that species present in a long time. Their initial assessment determined that was
feasible to try a reintroduction, with the next steps involving stakeholder engagement to
identify and evaluate issues around the potential reintroduction in multiple, different areas
and communities. Looking at Step 1 in the Portal, the team determined that they were
interested in the Other Decision-Making Contexts pathway.

As the project was early in development, in Step 2, the team chose Defining Objectives
and Developing Alternatives. In Step 3, the team chose a series of potentially relevant ES
activities. Step 4 yielded four potential ES tools for the team to consider (Figure 7).
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The team then met with several ES tool experts to determine which tools to apply
and develop a strategy. As with Case Study 1, the team included intentional efforts to
translate between disciplines, determining the purpose of applying tools. The team decided
to initially apply two tools:

• The FEGS Scoping Tool—The team’s focus would be on stakeholders, including ensur-
ing they were adequately identified, and their priorities captured and communicated
in a transparent manner.

• The NESCS Plus—The team’s focus would be to help identify ES affected, combining
the systematic approach of NESCS Plus with information about potential ES from
stakeholders and experts in the areas being examined.

5. Conclusions and Next Steps

When contaminated site cleanup teams have limited resources, they are often chal-
lenged to identify the resources and time required to identify tools and translate them
into their own processes and needs. This Portal represents an advance in approaches
to connect ES concepts to both ERAs and environmental benefits assessment of cleanup
of contaminated sites. Giving contaminated site cleanup teams easy access to tools and
resources to incorporate ES in their efforts enhances overall sustainable approaches for the
assessment and remediation of contaminated sites.

After alpha- and beta-testing, the next steps in the development of any decision
support tool involve testing the tool in a variety of applications. Even with the Spring
2023 release of the Portal, the authors have started initial application in different decision
contexts, ultimately looking to learn about its: (1) effectiveness—answering the question:
Did it lead the user to the right option(s)?; (2) utility—answering the question: Is it actually
being used?; and (3) transferability—answering the question: How can it be applied in
novel contexts? As a similar example, the EnviroAtlas is a tool that has been around a
long time and has been applied in different geographic locations and contexts. And, the
recently released FEGS Scoping Tool has been applied in different decision contexts and
with different application purposes [11].
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All the above opportunities to learn create the capacity for further tool refinement and
expansion. For example, novel applications of EnviroAtlas have involved increasing the
breadth and amount of available data layers. For the Portal, it presently includes only 11 ES
Assessment Tools; however, there are dozens of other peer-reviewed ES assessment tools
described in the literature. Future generations of the Portal may involve adding additional
decision context pathways, additional ES assessment tools, and/or additional crosswalks
(potentially relevant ES activities for a given step of a given decision pathway). The authors
encourage readers of this article and users of the Portal to provide feedback to consider for
further refinement.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/su16051739/s1, Table S1: Matching Tools for all Ecological Risk Assess-
ments Steps; Table S2: Matching Tools for all Contaminated Site Cleanup Steps; Table S3: Matching
Tools for all Other Decision-Making Contexts Steps.

Author Contributions: Conceptualization, M.C.H., L.M.S., K.H., C.S., S.K., G.F. and T.A.N.-J.; method-
ology, M.C.H., L.M.S., S.K., G.F. and T.A.N.-J.; validation, K.H. and C.S.; writing—original draft prepa-
ration, M.C.H.; writing—review and editing, M.C.H., L.M.S., K.H., C.S., S.K., G.F. and T.A.N.-J.; visu-
alization, K.H. and C.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All relevant data are within the paper and its Supplementary Materials
files. Additional metadata is available at the US EP’s Science Hub: https://sciencehub.epa.gov/
sciencehub.

Acknowledgments: We thank the EPA ecosystem services translational science workshop participants
(SHC.9.2.3), the Superfund and Technology Liaison Research Project workshop participants (Project
ID: 2477), and the members of the EPA Ecological Risk Assessment Forum’s Ecosystem Goods and
Services Workgroup for their engagement in scoping out the concept for the Portal and for providing
comments on multiple iterations. We thank Susan Yee, Kate Mulvaney, Justin Bousquin, Giancarlo
Cicchetti, Bruce Pluta, Ann Carroll, Mike Kravitz, Katie Williams, and Carlos Pachon for serving
as reviewers of the Portal. We thank Kate Schofield, Marc Russell, Annie Neal, Jessica Daniel, Paul
Ringold, Susan Yee, Marisa Mazzotta, Justin Bousquin, and Bob McKane for ensuring that the tools
they lead are accurately represented. Michele Zwartjes contributed to the visioning of the endangered
species case study. The web development team at GDIT, Lisa Citro, Zach Munzenrider, Rachel Hyde,
and Ashlee Edwards built the Portal.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Ruhl, J.B.; Salzman, J.E.; Goodman, I. Implementing the new ecosystem services mandate: A catalyst for advancing science and

policy. Natl. Wetl. Newsl. 2009, 31, 11–13.
2. Bagstad, K.J.; Semmens, D.J.; Waage, S.; Winthrop, R. A comparative assessment of decision-support tools for ecosystem services

quantification and valuation. Ecosyst. Serv. 2013, 5, 27–39. [CrossRef]
3. Harrison, P.A.; Dunford, R.; Barton, D.N.; Kelemen, E.; Martín-López, B.; Norton, L.; Termansen, M.; Saarikoski, H.; Hendriks, K.;

Gómez-Baggethun, E.; et al. Selecting methods for ecosystem service assessment: A decision tree approach. Ecosyst. Serv. 2018,
29, 481–498. [CrossRef]

4. Munns, W.R.; Poulsen, V.; Gala, W.R.; Marshall, S.J.; Rea, A.W.; Sorensen, M.T.; von Stackelberg, K. Ecosystem services in risk
assessment and management. Integr. Environ. Assess. Manag. 2017, 13, 62–73. [CrossRef] [PubMed]

5. U.S. Environmental Protection Agency [EPA]. Cleaning Up Our Land, Water and Air. 2022. Available online: https://www.epa.
gov/cleanups (accessed on 21 January 2024).

6. U.S. Environmental Protection Agency [EPA]. Ecological Risk Assessment. 2022. Available online: https://www.epa.gov/risk/
ecological-risk-assessment (accessed on 21 January 2024).

7. Yee, S.; Bousquin, J.; Bruins, R.; Canfield, T.; DeWitt, T.; DeJesus-Crespo, R.; Dyson, B.; Fulford, R.; Harwell, M.C.; Hoffman, J.;
et al. Practical Strategies for Integrating Final Ecosystem Goods and Services into Community Decision-Making; EPA/600/R-17/266; U.S.
Environmental Protection Agency: Washington, DC, USA, 2017.

https://www.mdpi.com/article/10.3390/su16051739/s1
https://www.mdpi.com/article/10.3390/su16051739/s1
https://sciencehub.epa.gov/sciencehub
https://sciencehub.epa.gov/sciencehub
https://doi.org/10.1016/j.ecoser.2013.07.004
https://doi.org/10.1016/j.ecoser.2017.09.016
https://doi.org/10.1002/ieam.1835
https://www.ncbi.nlm.nih.gov/pubmed/27464004
https://www.epa.gov/cleanups
https://www.epa.gov/cleanups
https://www.epa.gov/risk/ecological-risk-assessment
https://www.epa.gov/risk/ecological-risk-assessment


Sustainability 2024, 16, 1739 17 of 19

8. Gregory, R.; Failing, L.; Harstone, M.; Long, G.; McDaniels, T.; Ohlson, D. Structured Decision Making: A Practical Guide to
Environmental Management Choices; John Wiley & Sons: Hoboken, NJ, USA, 2012.

9. Finisdore, J.; Rhodes, C.; Haines-Young, R.; Maynard, S.; Wielgus, J.; Dvarskas, A.; Houdet, J.; Quétier, F.; Lamothe, K.A.; Ding,
H.; et al. The 18 benefits of using ecosystem services classification systems. Ecosyst. Serv. 2020, 45, 101160. [CrossRef]

10. Newcomer-Johnson, T.; Andrews, F.; Corona, J.; DeWitt, T.; Harwell, M.C.; Rhodes, C.; Ringold, P.; Russell, M.; Sinha, P.; Van
Houtven, G. National Ecosystem Services Classification System (NESCS Plus); EPA/600/R-20/267; U.S. Environmental Protection
Agency: Washington, DC, USA, 2020.

11. Sharpe, L.M.; Harwell, M.C.; Phifer, C.; Gardner, G. The Final Ecosystem Goods and Services (FEGS) Voltron: The power of tools
together. Front. Ecol. Evol. 2023, 11, 1290662. [CrossRef]

12. Bell, M.D.; Phelan, J.; Blett, T.F.; Landers, D.; Nahlik, A.M.; Van Houtven, G.; Davis, C.; Clark, C.M.; Hewitt, J. A framework to
quantify the strength of ecological links between an environmental stressor and final ecosystem services. Ecosphere 2017, 8, e01806.
[CrossRef]

13. Rhodes, C.; Bingham, A.; Heard, A.M.; Hewitt, J.; Lynch, J.; Waite, R.; Bell, M.D. Diatoms to human uses: Linking nitrogen
deposition, aquatic eutrophication, and ecosystem services. Ecosphere 2017, 8, e01858. [CrossRef]

14. Angradi, T.R.; Williams, K.C.; Hoffman, J.C.; Bolgrien, D.W. Goals, beneficiaries, and indicators of waterfront revitalization in
Great Lakes Areas of Concern and coastal communities. J. Great Lakes Res. 2019, 45, 851–863. [CrossRef]

15. Tashie, A.; Ringold, P. A critical assessment of available ecosystem services data according to the Final Ecosystem Goods and
Services framework. Ecosphere 2019, 10, e02665. [CrossRef]

16. Yee, S.H.; Sullivan, A.; Williams, K.C.; Winters, K. Who Benefits from National Estuaries? Applying the FEGS Classification
System to Identify Ecosystem Services and their Beneficiaries. Int. J. Environ. Res. Public Health 2019, 16, 2351. [CrossRef]
[PubMed]

17. Warnell, K.J.D.; Russell, M.; Rhodes, C.; Bagstad, K.J.; Olander, L.P.; Nowak, D.J.; Poudel, R.; Glynn, P.D.; Hass, J.L.; Hirabayashi,
S.; et al. Testing ecosystem accounting in the United States: A case study for the Southeast. Ecosyst. Serv. 2020, 43, 101099.
[CrossRef] [PubMed]

18. Bagstad, K.J.; Ingram, J.C.; Shapiro, C.D.; La Notte, A.; Maes, J.; Vallecillo, S.; Casey, C.F.; Glynn, P.D.; Heris, M.P.; Johnson, J.A.;
et al. Lessons learned from development of natural capital accounts in the United States and European Union. Ecosyst. Serv. 2021,
52, 101359. [CrossRef]

19. Sinha, P.; Coville, R.C.; Hirabayashi, S.; Lim, B.; Endreny, T.A.; Nowak, D.J. Modeling lives saved from extreme heat by urban tree
cover. Ecol. Model. 2021, 449, 109553. [CrossRef]

20. Marttunen, M.; Mustajoki, J.; Lehtoranta, V.; Saarikoski, H. Complementary use of the ecosystem service concept and multi-criteria
decision analysis in water management. Environ. Manag. 2022, 69, 719–734. [CrossRef] [PubMed]

21. Wainger, L.A.; Murray, E.O.; Theiling, C.H.; McMurray, A.M.; Cushing, J.A.; Komlos, S.B.; Cofrancesco, A.F. Broadening Benefits
and Anticipating Tradeoffs with a Proposed Ecosystem Service Analysis Framework for the US Army Corps of Engineers. Environ.
Manag. 2023, 71, 901–920. [CrossRef] [PubMed]

22. Rossi, R.; Bisland, C.; Jenkins, B.; Van Note, V.; Williams, B.; Trentacoste, E.; Yee, S. Chesapeake Bay RESES; EPA/600/R-22/170;
U.S. Environmental Protection Agency: Washington, DC, USA, 2023. Available online: https://cfpub.epa.gov/si/si_public_file_
download.cfm?p_download_id=546777&Lab=CEMM (accessed on 30 January 2024).

23. U.S. Environmental Protection Agency [EPA]. Metrics for National and Regional Assessment of Aquatic, Marine, and Terrestrial Final
Ecosystem Goods and Services; EPA645/R-20-002; U.S. Environmental Protection Agency: Washington, DC, USA, 2020.

24. Sharpe, L.M. FEGS Scoping Tool User Manual; EPA/600/X-21/104; U.S. Environmental Protection Agency: Washington, DC, USA,
2021.

25. Pickard, B.R.; Daniel, J.; Mehaffey, M.; Jackson, L.E.; Neale, A. EnviroAtlas: A new geospatial tool to foster ecosystem services
science and resource management. Ecosyst. Serv. 2015, 14, 45–55. [CrossRef]

26. Hahn, I.; Dyson, B.; Neale, A.; Gould, R.; Huber, P.; Biedenweg, K.; Hochard, J.; Geller, A. Review of ESA 2019 SYMP 8: Integrating
Human Health with Ecosystem Services—Research to Provide Practical Tools for Healthier and More Resilient Communities.
Bull. Ecol. Soc. Am. 2021, 102, e01786. [CrossRef]

27. Tsai, W.-L.; Nash, M.S.; Rosenbaum, D.J.; Prince, S.E.; D’Aloisio, A.A.; Neale, A.C.; Sandler, D.P.; Buckley, T.J.; Jackson, L.E. Types
and spatial contexts of neighborhood greenery matter in associations with weight status in women across 28 U.S. communities.
Environ. Res. 2021, 199, 111327. [CrossRef] [PubMed]

28. Wickham, J.; Neale, A.; Riitters, K.; Nash, M.; Dewitz, J.; Jin, S.; van Fossen, M.; Rosenbaum, D. Where forest may not return in
the Western United States. Ecol. Indic. 2023, 146, 109756. [CrossRef]

29. Kirk, L.; Compton, J.E.; Neale, A.; Sabo, R.D.; Christensen, J. Our national nutrient reduction needs: Applying a conservation
prioritization framework to US agricultural lands. J. Environ. Manag. 2024, 351, 119758. [CrossRef] [PubMed]

30. Bruins, R.J.; Canfield, T.J.; Duke, C.; Kapustka, L.; Nahlik, A.M.; Schäfer, R.B. Using ecological production functions to link
ecological processes to ecosystem services. Integr. Environ. Assess. Manag. 2017, 13, 52–61. [CrossRef] [PubMed]

31. Lavorel, S.; Grigulis, K.; Lamarque, P.; Colace, M.; Garden, D.; Girel, J.; Pellet, G.; Douzet, R. Using plant functional traits to
understand the landscape distribution of multiple ecosystem services. J. Ecol. 2011, 99, 135–147. [CrossRef]

32. Nowak, D.J.; Greenfield, E.J.; Hoehn, R.E.; Lapoint, E. Carbon storage and sequestration by trees in urban and community areas
of the United States. Environ. Pollut. 2013, 178, 229–236. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ecoser.2020.101160
https://doi.org/10.3389/fevo.2023.1290662
https://doi.org/10.1002/ecs2.1806
https://doi.org/10.1002/ecs2.1858
https://doi.org/10.1016/j.jglr.2019.07.001
https://doi.org/10.1002/ecs2.2665
https://doi.org/10.3390/ijerph16132351
https://www.ncbi.nlm.nih.gov/pubmed/31277218
https://doi.org/10.1016/j.ecoser.2020.101099
https://www.ncbi.nlm.nih.gov/pubmed/33365228
https://doi.org/10.1016/j.ecoser.2021.101359
https://doi.org/10.1016/j.ecolmodel.2021.109553
https://doi.org/10.1007/s00267-021-01501-x
https://www.ncbi.nlm.nih.gov/pubmed/34309682
https://doi.org/10.1007/s00267-022-01777-7
https://www.ncbi.nlm.nih.gov/pubmed/36633632
https://cfpub.epa.gov/si/si_public_file_download.cfm?p_download_id=546777&Lab=CEMM
https://cfpub.epa.gov/si/si_public_file_download.cfm?p_download_id=546777&Lab=CEMM
https://doi.org/10.1016/j.ecoser.2015.04.005
https://doi.org/10.1002/bes2.1786
https://doi.org/10.1016/j.envres.2021.111327
https://www.ncbi.nlm.nih.gov/pubmed/34019899
https://doi.org/10.1016/j.ecolind.2022.109756
https://doi.org/10.1016/j.jenvman.2023.119758
https://www.ncbi.nlm.nih.gov/pubmed/38086118
https://doi.org/10.1002/ieam.1842
https://www.ncbi.nlm.nih.gov/pubmed/27541951
https://doi.org/10.1111/j.1365-2745.2010.01753.x
https://doi.org/10.1016/j.envpol.2013.03.019
https://www.ncbi.nlm.nih.gov/pubmed/23583943


Sustainability 2024, 16, 1739 18 of 19

33. Lomnicky, G.A.; Hughes, R.M.; Peck, D.V.; Ringold, P.L. Correspondence between a recreational fishery index and ecological
condition for U.S.A. streams and rivers. Fish. Res. 2021, 233, 105749. [CrossRef] [PubMed]

34. Jackson, L.E.; Daniel, J.; McCorkle, B.; Sears, A.; Bush, K.F. Linking ecosystem services and human health: The Eco-Health
Relationship Browser. Int. J. Public Health 2013, 58, 747–755. [CrossRef] [PubMed]

35. Myers, M.; Bousquin, J.; Fulford, R.; Russell, M.; Harvey, J.; Ranade, P.; Soter, G.; Murphy, K. EPA H2O User Manual; EPA/600/R-
22/012; U.S. Environmental Protection Agency: Washington, DC, USA, 2022.

36. Russell, M.; Greening, H. Estimating Benefits in a Recovering Estuary: Tampa Bay, Florida. Estuaries Coasts 2013, 38, 9–18.
[CrossRef]

37. Smith, A.; Yee, S.H.; Russell, M.; Awkerman, J.; Fisher, W.S. Linking ecosystem service supply to stakeholder concerns on both
land and sea: An example from Guánica Bay watershed, Puerto Rico. Ecol. Indic. 2016, 74, 371–383. [CrossRef] [PubMed]

38. Teague, A.; Russell, M.; Harvey, J.; Dantin, D.; Nestlerode, J.; Alvarez, F. A spatially-explicit technique for evaluation of alternative
scenarios in the context of ecosystem goods and services. Ecosyst. Serv. 2016, 20, 15–29. [CrossRef]

39. Mazzotta, M.; Bousquin, J.; Ojo, C.; Hychka, K.; Druschke, C.; Berry, W.; McKinney, R. Assessing the Benefits of Wetland Restoration:
A Rapid Benefit Indicators Approach for Decision Makers; EPA/600/R-16/084; U.S. Environmental Protection Agency: Washington,
DC, USA, 2016.

40. Mazzotta, M.; Bousquin, J.; Berry, W.; Ojo, C.; McKinney, R.; Hyckha, K.; Druschke, C.G. Evaluating the ecosystem services and
benefits of wetland restoration by use of the rapid benefit indicators approach. Integr. Environ. Assess. Manag. 2019, 15, 148–159.
[CrossRef]

41. Bousquin, J.; Mazzotta, M. Rapid benefit indicator tools. In Ecosystem Based Management and Ecosystem Services: Theory, Tools, and
Practice; Springer: Cham, Switzerland, 2020; pp. 309–332.

42. Barnhart, B.L.; Golden, H.E.; Kasprzyk, J.R.; Pauer, J.J.; Jones, C.E.; Sawicz, K.A.; Hoghooghi, N.; Simon, M.; McKane, R.B.; Mayer,
P.M.; et al. Embedding co-production and addressing uncertainty in watershed modeling decision-support tools: Successes and
challenges. Environ. Model. Softw. 2018, 109, 368–379. [CrossRef] [PubMed]

43. Halama, J.J.; Kennedy, R.E.; Graham, J.J.; McKane, R.B.; Barnhart, B.L.; Djang, K.S.; Pettus, P.B.; Brookes, A.F.; Wingo, P.C.
Penumbra: A spatially distributed, mechanistic model for simulating ground-level incident solar energy across heterogeneous
landscapes. PLoS ONE 2018, 13, e0206439. [CrossRef] [PubMed]

44. Hoghooghi, N.; Golden, H.E.; Bledsoe, B.P.; Barnhart, B.L.; Brookes, A.F.; Djang, K.S.; Halama, J.J.; McKane, R.B.; Nietch, C.T.;
Pettus, P.P. Cumulative effects of low impact development on watershed hydrology in a mixed land-cover system. Water 2018, 10, 991.
[CrossRef] [PubMed]

45. Barnhart, B.; Pettus, P.; Halama, J.; McKane, R.; Mayer, P.; Djang, K.; Brookes, A.; Moskal, L.M. Modeling the hydrologic effects
of watershed-scale green roof implementation in the Pacific Northwest, United States. J. Environ. Manag. 2020, 277, 111418.
[CrossRef] [PubMed]

46. McKane, R.B.; Brookes, A.F.; Djang, K.S.; Halama, J.J.; Pettus, P.B.; Barnhart, B.L.; Russell, M.J.; Vache, K.B.; Bolte, J.B. An
integrated multi-model decision support framework for evaluating ecosystem-based management options for coupled human-
natural systems. In Ecosystem Based Management and Ecosystem Services: Theory, Tools, and Practice; Springer: Cham, Switzerland,
2020; pp. 255–274.

47. Suter, G.W., II; Norton, S.B.; Cormier, S.M. CADDIS: A system to help investigators determine the causes of biological impairments
in aquatic systems. Watershed Wet Weather Tech. Bull. 2007, 12, 8–12.

48. U.S. Environmental Protection Agency [EPA]. Summary Report for the Workshop on the Causal Analysis/Diagnosis Decision Information
System (CADDIS); EPA/600/R-02/078; U.S. Environmental Protection Agency: Washington, DC, USA, 2002.

49. Cormier, S.M.; Suter, G.W., II. A framework for fully integrating environmental assessment. Environ. Manag. 2008, 42, 543–556.
[CrossRef] [PubMed]

50. Linkov, I.; Loney, D.; Cormier, S.; Satterstrom, F.K.; Bridges, T. Weight-of-evidence evaluation in environmental assessment:
Review of qualitative and quantitative approaches. Sci. Total Environ. 2009, 407, 5199–5205. [CrossRef]

51. Norton, S.B.; Cormier, S.M.; Suter, G.W., II; Schofield, K.; Yuan, L.; Shaw-Allen, P.; Ziegler, C.R. CADDIS: The causal analy-
sis/diagnosis decision support system. In Decision Support Systems for Risk Based Management of Contaminated Sites; Springer: New
York, NY, USA, 2009; pp. 351–374.

52. Norton, S.B.; Cormier, S.M.; Suter, G.W., II. Ecological Causal Assessment; CRC Press: Boca Raton, FL, USA, 2014.
53. Wong-Parodi, G.; Mach, K.J.; Jagannathan, K.; Sjostrom, K.D. Insights for developing effective decision support tools for

environmental sustainability. Curr. Opin. Environ. Sustain. 2020, 42, 52–59. [CrossRef]
54. U.S. Environmental Protection Agency [EPA]. Framework for Ecological Risk Assessment; EPA 630-R-92-001; USEPA: Washington,

DC, USA, 2002. Available online: https://www.epa.gov/risk/framework-ecological-risk-assessment (accessed on 30 January
2024).

55. U.S. Environmental Protection Agency [EPA]. Ecosystem Services as Assessment Endpoints in Ecological Risk Assessment—Technical
Background Paper; EPA/100/F-15/004; U.S. Environmental Protection Agency: Washington, DC, USA, 2015. Available online:
https://www.epa.gov/sites/production/files/2016-08/documents/ecosystem_services_technical_paper.pdf (accessed on 30
January 2024).

56. U.S. Environmental Protection Agency [EPA]. Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments—Interim Final; EPA 540-R-97-006; U.S. Environmental Protection Agency: Washington, DC, USA,

https://doi.org/10.1016/j.fishres.2020.105749
https://www.ncbi.nlm.nih.gov/pubmed/34334849
https://doi.org/10.1007/s00038-013-0482-1
https://www.ncbi.nlm.nih.gov/pubmed/23877533
https://doi.org/10.1007/s12237-013-9662-8
https://doi.org/10.1016/j.ecolind.2016.11.036
https://www.ncbi.nlm.nih.gov/pubmed/35241970
https://doi.org/10.1016/j.ecoser.2016.06.001
https://doi.org/10.1002/ieam.4101
https://doi.org/10.1016/j.envsoft.2018.08.025
https://www.ncbi.nlm.nih.gov/pubmed/30505208
https://doi.org/10.1371/journal.pone.0206439
https://www.ncbi.nlm.nih.gov/pubmed/30566478
https://doi.org/10.3390/w10080991
https://www.ncbi.nlm.nih.gov/pubmed/31396407
https://doi.org/10.1016/j.jenvman.2020.111418
https://www.ncbi.nlm.nih.gov/pubmed/33080432
https://doi.org/10.1007/s00267-008-9138-y
https://www.ncbi.nlm.nih.gov/pubmed/18506517
https://doi.org/10.1016/j.scitotenv.2009.05.004
https://doi.org/10.1016/j.cosust.2020.01.005
https://www.epa.gov/risk/framework-ecological-risk-assessment
https://www.epa.gov/sites/production/files/2016-08/documents/ecosystem_services_technical_paper.pdf


Sustainability 2024, 16, 1739 19 of 19

1997. Available online: https://www.epa.gov/risk/ecological-risk-assessment-guidance-superfund-process-designing-and-
conducting-ecological-risk (accessed on 30 January 2024).

57. U.S. Environmental Protection Agency [EPA]. Generic Ecological Assessment Endpoints (GEAE) for Ecological Risk Assessment 2nd
Edition with Generic Ecosystem Services Endpoints; EPA/100/F15/005; U.S. Environmental Protection Agency: Washington, DC,
USA, 2016. Available online: http://www.epa.gov/sites/default/files/2016-08/documents/geae_2nd_edition.pdf (accessed on
30 January 2024).

58. Kim, S.; Barrett, K.; Black, N.; De Bofsky, A.; Do, P.; Ferreira, G.; Field, P.; Harvey, J.; Harwell, M.C.; Hines, K.; et al. Operationalizing
Ecosystem Services Endpoints and Assessment Tools for Supporting Risk Assessments; Superfund and Technology Liaison Research
Project Report; EPA/600/R-23/039; U.S. Environmental Protection Agency: Washington, DC, USA, 2023.

59. Harwell, M.C.; Jackson, C.A.; Kravitz, M.; Lynch, K.; Tomasula, J.; Neale, A.; Mahoney, M.; Pachon, C.; Scheuermann, K.; Grissom,
G.; et al. Ecosystem services consideration in the remediation process for contaminated sites. J. Environ. Manag. 2021, 285, 112102.
[CrossRef]

60. Denzin, N.K. Sociological Methods: A Sourcebook; McGraw-Hill: New York, NY, USA, 1978.
61. 42 U.S.C. § 9601 et seq. Comprehensive Environmental Response, Compensation, and Liability. 1980. Available online: https:

//www.govinfo.gov/content/pkg/USCODE-2011-title42/html/USCODE-2011-title42-chap103.htm (accessed on 30 January
2024).

62. 42 U.S.C. § 6901 et seq. Solid Waste Disposal. 1976. Available online: https://www.govinfo.gov/content/pkg/USCODE-2011
-title42/html/USCODE-2011-title42-chap82.htm (accessed on 30 January 2024).

63. Public and Private Laws. No. 107–118, 115 Stat. 2356. Small Business Liability Relief and Brownfields Revitalization Act. 2002.
Available online: https://www.govinfo.gov/app/details/PLAW-107publ118#:~:text=An%20act%20to%20provide%20certain,
revitalization,%20to%20enhance%20State%20response (accessed on 30 January 2024).

64. U.S. Environmental Protection Agency [EPA]. Technical Assistance Needs Assessments (TANAs). 2023. Available online:
https://www.epa.gov/superfund/technical-assistance-needs-assessments-tanas (accessed on 30 January 2024).

65. 16 U.S.C. § 1531 et seq. Endangered Species Act of 1973. 1973. Available online: https://www.govinfo.gov/app/details/COMPS-
3002 (accessed on 30 January 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.epa.gov/risk/ecological-risk-assessment-guidance-superfund-process-designing-and-conducting-ecological-risk
https://www.epa.gov/risk/ecological-risk-assessment-guidance-superfund-process-designing-and-conducting-ecological-risk
http://www.epa.gov/sites/default/files/2016-08/documents/geae_2nd_edition.pdf
https://doi.org/10.1016/j.jenvman.2021.112102
https://www.govinfo.gov/content/pkg/USCODE-2011-title42/html/USCODE-2011-title42-chap103.htm
https://www.govinfo.gov/content/pkg/USCODE-2011-title42/html/USCODE-2011-title42-chap103.htm
https://www.govinfo.gov/content/pkg/USCODE-2011-title42/html/USCODE-2011-title42-chap82.htm
https://www.govinfo.gov/content/pkg/USCODE-2011-title42/html/USCODE-2011-title42-chap82.htm
https://www.govinfo.gov/app/details/PLAW-107publ118#:~:text=An%20act%20to%20provide%20certain,revitalization,%20to%20enhance%20State%20response
https://www.govinfo.gov/app/details/PLAW-107publ118#:~:text=An%20act%20to%20provide%20certain,revitalization,%20to%20enhance%20State%20response
https://www.epa.gov/superfund/technical-assistance-needs-assessments-tanas
https://www.govinfo.gov/app/details/COMPS-3002
https://www.govinfo.gov/app/details/COMPS-3002

	Introduction 
	ES Assessment Tools—Overview 
	NESCS Plus 
	FEGS Metrics Report 
	FEGS Scoping Tool 
	EnviroAtlas 
	EcoService Models Library 
	Eco-Health Relationship Browser 
	EPA H2O 
	Practical Strategies Report 
	Rapid Benefit Indicator Approach 
	VELMA 
	CADDIS 
	Individual ES Tool Summary 

	The Portal 
	Using a Decision-Tree Approach 
	Cross Walking between ES Tools and Decision Steps 
	Path 1: Ecological Risk Assessments 
	Path 2: Contaminated Site Cleanups 
	Path 3: Other Decision-Making Contexts 

	Example Applications 
	Case Study 1: Ecological Risk Assessment 
	Case Study 2: Contaminated Site Cleanup 
	Case Study 3: Other Decision-Making Contexts 

	Conclusions and Next Steps 
	References

