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Abstract 

Understanding the services that ecosystems provide to society, and the value of those services, is critical 
for decision-making under current and evolving ecosystem-based management approaches. In the 
United States, national directives have called on federal resource management agencies to develop and 
promote institutional policies and processes that consider ecosystem services in planning, investments, 
and regulatory contexts. This report provides insight from employees of the National Marine Fisheries 
Service (NMFS), the federal agency responsible for managing the Nation’s living marine resources, on 
the use of ecosystem service values (ESV) in marine management. In April 2022 an online survey was 
sent to all NMFS federal employees, at the time about 2,860 individuals, to understand their familiarity 
and experience with marine ESV, opinions about appropriate decision contexts for their use, and 
challenges of incorporating ESV into policy and management. Results suggest that over half of 
respondents are at least moderately familiar with the concepts of ecosystem services and ecosystem 
services valuation, and about a third of respondents have used ESV information in their work. In terms 
of types of ecosystem services, the majority of respondents feel that ESV information on food provision, 
habitat provision for marine plants and animals, and shoreline protection are most useful for marine 
management and decision-making. A majority of respondents also believes that ESV information has 
utility for a variety of regulatory and non-regulatory analyses and products, and there is considerable 
support for including ESV information in ecosystem-based management approaches, particularly 
ecosystem-based fisheries management and marine spatial planning. Overall, the survey results indicate 
a fairly high level of support for ESV information and its use in policy and management and are 
suggestive of specific directions for research and for incorporating the use of ESV in a more systematic 
manner.  
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Introduction 

The term ecosystem services broadly refers to the direct or indirect benefits to humans derived from 

ecosystems (Costanza et al. 1997, Daily 1997, MA 2005). Ecosystem services generally embody both 

goods and services produced by ecosystems (MA 2005). They include a wide variety of things, from 

ecosystem goods that are used directly by humans (e.g., as food) to ecosystem services such as habitat 

for species, minimizing climate variability, and filtering air and water pollution. The United Nations’ (UN) 

Millennium Ecosystem Assessment (MA) classified ecosystem services into four types: provisioning, 

regulating, cultural, and supporting services (MA 2005). Provisioning services are produced by the 

ecosystem and used directly by humans. For example, provisioning ecosystem services include food, 

fuel, genetic resources, fresh water, and other raw materials. Regulating services are ecosystem services 

that benefit humans by regulating ecosystem processes and include, for example, climate regulation, 

water purification, and pollination. Cultural services are those that provide non-material benefits to 

humans, such as those that provide recreation, spiritual or religious, inspirational, educational, or 

cultural heritage benefits. And finally, supporting services are those services necessary for the 

production of all ecosystem services but are not themselves ones that directly benefit humans. These 

include things like nutrient cycling, soil formation and cycling, water cycling, and habitat services.  

The value of ecosystem services are indicators of the benefits provided, and they may be economic or 

socio-cultural. Economic values can be represented by a price, such as the market price of seafood, or a 

non-market value (often referred to as willingness-to-pay) for a service that doesn’t have a traditional 

market price. Socio-cultural values are shaped by individuals’ interactions with and perceptions of the 

ecosystem and are typically non-economic in nature (Chan et al. 2012, Diaz et al. 2015). Both economic 

and socio-cultural values for ecosystem services are important to understand for ecosystem-based 

management approaches that recognize relationships between humans and the environment. For 

example, ecosystem service values (ESV) are central to payment for ecosystem services (PES) programs 

(Bulte et al, 2008, Farley and Costanza 2010, Jack et al. 2008) and UN-led System of Environmental-

Economic Accounting (SEEA), a framework that integrates economic and environmental data to provide 

a comprehensive view of the relationships between the economy and environment (La Notte and 

Rhodes 2020, United Nations 2014). Other frameworks that benefit significantly from information on 

ESV include coupled socio-ecological systems (SES) (Liu et al. 2007), Integrated Ecosystem Assessments 

(IEA) (Levin et al. 2009), and tradeoff analyses (Johnston et al. 2018).  
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Research on ecosystem services and ESV emerged in the scientific literature in the 1970s and has 

steadily increased over the last half century (Vihervaara et al. 2010). The completion of the Millennium 

Ecosystem Assessment in 2005 marked a milestone and generated a surge in scientific research, 

evidenced by the launch of the journal Ecosystem Services (2012) and the continued and growing 

academic interest in the topic. In fact, a bibliometric search of the Web of Science Core Collection 

(WoS), which indexes publications in over 21,100 journals and books spanning 250 disciplines7, indicated 

that over the period 1999-2019 the number of published ecosystem service documents grew steadily 

each year with an average annual growth rate over the most recent five years of 18% (Lew 2022).  

 

In addition to scientific research, policy guidance related to the use of ecosystem services and ESV has 

been developed by international bodies (e.g., UNECE Recommendations on Payments for Ecosystem 

Services, 2007; the 2007 commission of The Economics of Ecosystems and Biodiversity (TEEB) Initiative) 

as well as national governments. In the United States, for example, the 2010 Executive Order 13547 

(referred to as the National Ocean Policy) and the National Ocean Policy Implementation Plan (2013) 

both stress the need to further our understanding of ecosystem services provided by oceans and coasts. 

This was followed by the U.S. Executive Memorandum M-16-01 (2015), which instructed federal 

agencies that manage the Nation's resources to incorporate ecosystem services into federal decision-

making to the extent appropriate and practicable. These policies, coupled with shifts to ecosystem-

based management (EBM), in particular the current shift from single-species to ecosystem-based 

fisheries management (EBFM) (Townsend et al. 2019), require information on marine ecosystem 

services and their values to provide the most comprehensive and efficient guidance in decision-making. 

 

Marine ecosystem services are the direct and indirect benefits to humans derived from coastal and marine 

ecosystems functions and ecological structures. Examples of marine ecosystem services may include 

protection from storm surge provided by coastal dunes, ocean waves for surfing, fish and shellfish for 

consumption, and cultural and spiritual benefits provided by oceans and coasts. Table 1 includes a list of 

common marine ecosystem services and the category of the service as defined by the Millennium 

Ecosystem Assessment (MA 2005).   

                                                           
7 See https://clarivate.com/webofsciencegroup/solutions/web-of-science-core-collection/ for more details. 

https://clarivate.com/webofsciencegroup/solutions/web-of-science-core-collection/
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Table 1. -- Marine Ecosystem Services and Millennium Ecosystem Assessment (MA) Category. 

Service Description MA Category 

Food Source 

-Fish, other animals, and plants harvested for human consumption via 
commercial fishing, aquaculture, hunting, and subsistence/artisanal 
fishing 

-Fish, other animals, and plants used as inputs in human production 
process (e.g., bait, feed used in agriculture) or other ecosystem 
production processes (e.g., forage fish) 

Provisioning 

Source of 
Non-food 
Materials 

-Minerals, rare earth elements, petroleum/oil, natural gas, and other 
valuable materials that can be mined, dredged, or harvested  

-Materials needed for, or potentially useful for, medicine or 
pharmaceuticals  

-Water for industrial processes and other non-drinking purposes  
-Wave and wind energy that can be harnessed 
-Fish, other animals, and plants harvested for ornamental use (e.g., 

aquariums) 

Provisioning 

Supporting 
and 
Regulating 
Functions 

-Carbon sink (i.e., carbon sequestration) and climate regulation 
-Pollutant filtration and remediation 
-Shoreline protection, storm buffering, and erosion control 
-Habitat for marine and coastal plants and animals 
-Medium for transportation of goods and people 
-Biodiversity 
-Atmospheric processes incl. weather (e.g., rain and wind), breathable 

air, etc. 

Supporting 
and 
Regulating 
Functions 

Recreational 
Benefits 

-Water recreation (e.g., scuba diving, snorkeling, swimming, surfing, 
paddle boarding, kayaking, sailing, motor-boating, etc.) 

-Sport fishing and hunting opportunities 
-Wildlife and scenic viewing opportunities 
-Onshore/coastal recreation activities (e.g., tide pooling, sunbathing) 

Cultural 

Social, 
Cultural, and 
Religious 
Benefits 

-Cultural heritage  
-Spiritual or religious importance, inspirational 
-Sense of place/identity 
-Educational opportunities 

Cultural 

Non-use 
Benefits 

-Existence benefits (knowing that something exists even if it is never 
visited or used personally) 

-Bequest benefits (knowing that something will be available for future 
generations of people) 

Cultural 
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Subsequent to Executive Memorandum M-16-01 and the increasing promotion of frameworks that 

benefit from ESV information (e.g., EBFM and IEA), the Science Advisory Board of the National Oceanic 

and Atmospheric Administration (NOAA) conducted an assessment of the use and potential use of ESV 

within the agency (2016). Two of the key findings from the assessment (among others) suggested that 

the agency should determine a) whether and how ESV are relevant to different types of decision 

contexts that occur at different spatial and temporal scales; and b) how to best integrate ecosystem 

service values as an organic and core part of NOAA’s mission, and in what areas this is most appropriate 

(SAB 2016). In response to the Science Advisory Board’s recommendations, as well as other science 

assessments conducted for NOAA, the National Marine Fisheries Service (NMFS), the office of NOAA 

responsible for the management and stewardship of living marine resources, formed the Marine 

Ecosystem Services Valuation Working Group (ESVWG) in 2017.  

 

The ESVWG consists of social scientists and economists from NMFS’ Science Centers and Regional 

Offices, including the Alaska Fisheries Science Center, Northwest Fisheries Science Center, Northeast 

Fisheries Science Center, Pacific Islands Regional Office, Southeast Regional Office, and NMFS 

Headquarters. The group has six primary members and two advisory members. The main working group 

objectives were to 1) develop a set of standards and best practices for identifying and measuring 

ecosystem service values in coastal and marine systems, and 2) to identify the challenges of 

systematically including these values in management and determine the most suitable avenues and 

approaches for their inclusion both in the near-term and longer term research and management. The 

remainder of this report describes all aspects of the fulfillment of the second objective.   

 

Survey Development and Implementation 

 

To address the second objective of the ESVWG, working group members developed a web-based survey 

on marine ESV that was specifically designed for NMFS federal employees. Survey development began in 

2018 and occurred during a 3-year period. The objectives of the survey were to understand, from the 

perspective of NMFS staff and leadership, a) general opinions of and familiarity with ESV, b) decision 

contexts that are most appropriate for using ESV, and c) challenges and opportunities of using ESV in 

management. Utilizing input from NMFS scientists and policy analysts on the working group and staff in 

regional offices and science centers, the ESVWG developed an online survey containing three sections 
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and a short introductory video. A brief overview of the survey is below, and the complete survey 

instrument is contained in Appendix 1.   

 

Introductory Video 

Prior to beginning the survey, respondents watched a 40-second video that provided a general overview 

of marine ecosystem services and described why it was important to participate in the survey.  

 

Section I 

The first section of the survey asked respondents about their familiarity with the concept of ESV and 

their experience using ESV in their work.  

 

Section II  

The second section of the survey asked respondents for their opinions about the utility of ESV for policy, 

management, and decision-making. Respondents were asked about six categories of ecosystem service 

values: food sources, non-food material sources, supporting functions, recreational opportunities, 

social/cultural/religious benefits, and non-use benefits. Each category contained two to six specific 

services. Respondents were then asked about the utility of ESV for improving specific types of regulatory 

and non-regulatory analyses and several types of management frameworks (e.g., IEA, Coastal and 

Marine Spatial Planning [CMSP]). The last set of questions in this section asked respondents about their 

general opinions about ESV and valuation.  

 

Section III.  

The final section of the survey asked respondents about the type of work they do and the geographic 

region of focus for most of their work. Respondents were also asked about their highest level of 

education and the number of years they have worked in the field of marine resources/management.   

 

The survey underwent several reviews by ESVWG members prior to programming for online 

implementation. After the instrument was programmed, a formal survey review was conducted in the 

spring of 2019 with staff from each region of NMFS (Table 2). Staff were asked in their review to address 

the four areas below:  
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Completeness: Is the list of marine ecosystem services complete – are there any services missing 

that are important? Are there key questions about this topic that are not listed?   

 

Clarity: Are the questions clearly worded and clear? Are there any ambiguous terms or 

concepts? 

 

Correctness: Are the terms used in the survey correct – should any additional terms be 

included?  

 

Overall: Is the survey too long? How difficult is the survey to complete? What are your overall 

impressions? Could anything be improved to make the survey more appealing and increase the 

likelihood that people would take the survey?  
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Table 2. -- Reviewers of Marine Ecosystem Service Values survey instrument. 

Region Reviewers Area of Expertise  

Northeast & 
Mid-Atlantic  

Economist, Mid-Atlantic Fishery Management Council 

Economist, works with Integrated Ecosystem Assessments (IEA) and Ecosystem 
Based Fisheries Management (EBFM) 

Southeast  Ecologist 

HQ  IEA program lead 

Alaska  
Economist, works with IEA  

Biologist, co-chair Protection of the Arctic Marine Environment (PAME) and Arctic 
Council Ecosystem Assessment 

Southwest  
 

Economist, survey research and works with habitat and EBFM 

Economist, works with EBFM 

Resource manager, works with IEA and EBFM 

Ecologist, works with EBFM and California Current 

Pacific Islands 

Habitat manager 

Sustainable Fisheries manager 

Social Scientist, survey research and works with IEA 

Northwest 
Ecosystem Service Program Manager, works with IEA 

Ecologist, works with Ecosystem Services and EBFM 

 

The survey instrument was revised based on feedback from the NMFS reviewers, and then provided to 

the North Pacific Marine Science Organization (PICES) working group on marine ecosystem services 

(WG41) for additional review. Feedback from PICES working group members was used to further revise 

the instrument. In September and December 2021, two high-level briefings were provided to NMFS 

leadership and key NMFS staff working on EBFM and IEA. Feedback from both briefings was 

incorporated into the final survey instrument and a survey FAQ document was developed by working 

group members to provide additional information to respondents.  

https://meetings.pices.int/members/working-groups/wg41
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An email invitation to participate in the survey was sent from the NMFS Acting Science Advisor to all 

NMFS federal employees (total population size of 2,860) on 26 April 2022. The population includes all 

federal employees who work at the NMFS regional offices, regional science centers, field offices and 

labs, and at headquarters. A follow-up reminder to complete the survey was sent in the last week of 

May 2022, and the survey closed on 3 June 2022. A total of 672 responses were returned; however, 168 

of those returns did not contain any valid responses and were considered unit non-responses. The 

remaining 505 individuals partially or fully completed the survey for a response rate of 17.66%. These 

responses are included in the analysis.  

 

Survey Results 

 

Our analysis of survey responses for each question is limited to “item respondents.” Item respondents 

for a given question refer to individuals who answered the question; that is, they did not skip or 

otherwise not provide an answer to the question. For each question, we note the number of item 

respondents. 

 

Across the 377 item respondents to the questions asking about length of employment, the average 

respondent has worked in their current position for 12.4 years (median = 10 years) and 15.2 years 

(median = 14 years) in any marine resource management agency. The average respondent has also 

worked on marine resource issues for 16.1 years (median = 16 years) and has at least a master’s degree 

(~75% of respondents). The survey included a question to elicit the type of work respondents do in their 

position, including research in different disciplines, management focused on fisheries, protected species, 

habitat, or social science, and other positions focused on communications, stakeholder coordination, 

planning, administrative support, and others. Respondents were able to select more than one of these 

areas. The nature of work (work function) of survey respondents is summarized in Figure 1 (item 

respondents = 391). For 61% of item respondents, their work involves conducting research, with two-

thirds of those in research positions conducting research in biology or ecology (41% of all item 

respondents) and a smaller number conducting research in economics or other social sciences (10% of 

item respondents). 71% of item respondents indicated that they work in management or policy, which 

suggests many who conduct research also contribute or work on policy or management activities. 

Unsurprisingly, the management or policy area in which the most people indicated their work is focused 

on is related to fisheries (29% of item respondents), with another 21% and 16% working on 
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management and policy related to protected species and habitat, respectively. 23% of item respondents 

indicated being in coordination or planning roles, and 20% indicated working in communication, 

stakeholder facilitation, or outreach. 20% indicated working in administrative or support roles. 

 

Figure 2 presents the breakdown of responses to a question aimed at understanding the geographic 

areas in which respondents’ work was focused. The geographic areas included in the question were New 

England, Mid-Atlantic, Southeast, Gulf of Mexico, West Coast, Alaska, Pacific Islands, and Great Lakes. In 

addition, respondents could also indicate if their work was national or international. Respondents were 

able to select multiple regions if their work was focused in more than one region.  Of 387 item 

respondents, 29% indicated their work was focused on the West Coast (California, Oregon, and 

Washington), 21% on New England, 17% on Alaska, and 16% each on the Mid-Atlantic and Southeast 

regions. Lower numbers of item respondents focus on the Pacific Islands (14%), Gulf Coast (11%), 

Caribbean (4%), and Great Lakes (2%). 16% of item respondents also indicated their work focuses on 

National issues, and 11% indicated working on international issues. 
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Figure 1. -- Nature of survey respondents’ work. Item respondents = 391. Respondents were able to select all relevant areas for which their work 

is focused, so the total responses exceeds the number of respondents. 
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Figure 2. -- Geographic regions in which respondents’ work is focused. Item respondents = 387. Respondents were able to select all regions in 

which their work is focused, so the total responses exceeds the number of respondents.
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Familiarity with ecosystem services and ecosystem service values 

 

The first section of the survey asked respondents about their experience and familiarity with ecosystem 

services and ESV. The concept of ecosystem services was “very familiar” for 37% of all respondents and 

“moderately familiar” to another 31% (see Fig. 3). The remaining 32% of respondents were either “only 

a little familiar” (15%) or “not at all familiar” (17%) with the concept. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. -- Familiarity with the ecosystem services concept. Total item respondents = 505. 

 

Familiarity with the concepts involving the valuation of ecosystem services (ecosystem service valuation 

and ESV) was less strong overall, relative to the familiarity with the broader ecosystem service concept, 

with less than 20% indicating they were “very familiar” with the concepts, 34% indicating being 

“moderately familiar”, and 23% indicating not being familiar at all (Fig. 4). 
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Figure 4. -- Familiarity with the ecosystem service valuation and/or ecosystem service value concept. 

Total item respondents = 505. 

 

Only about 8% of respondents (out of 422 item respondents) indicated they conduct research on ESV, 

but about 31% indicated having used ESV information before and another 33% indicated having 

discussed or consulted on the use of such information (but not directly involved in the analysis or 

decision-making where the values would potentially be used) (Fig. 5). About 39% indicate not having any 

experience with ESV information.  
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Figure 5. -- Respondent experience with ESV information. Item respondents = 422. 

 

Two follow-up questions were asked of respondents who have at least some experience with ESV 

information (i.e., excluding those who indicated “I have not used or been involved with ecosystem 

service values”). The first question asked for more details about the respondent’s work experience with 

ESV information. Of the respondents to this question (item respondents = 422), 28% indicated having 

used ESV information in analyses supporting a management framework (e.g., ecosystem-based fisheries 

management, management strategy evaluation, coastal and marine spatial planning, integrated 

ecosystem assessments, etc.) and 19% indicated having used ESV information in analyses supporting 

regulatory or management actions. About 11% of item respondents indicated being involved in research 

that produces ESV information (Fig. 6), 31% indicated they had discussed ESV information only for 

context in their work, and 20% indicated they had more detailed discussions or initially considered ESV 

information but ultimately did not use it in analyses. 
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Figure 6. -- NOAA work experience with ESV information. As respondents were able to select multiple answers, the percentages do not add up to 

100%.  Item respondents = 422. 
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The second follow-up question asked how useful, in general, ESV information would be to the 

respondent’s work. Half of respondents (item respondents = 258) indicated that that information would 

be “very useful”, with another 37% indicating it would be “moderately useful” (see Fig. 7). Thus, almost 

90% of respondents indicate ESV information would be at least moderately useful in their work. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. -- Usefulness of ESV information in respondent’s own work. Item respondents = 258. 

 

Usefulness of specific coastal and marine ecosystem service values 

 

The second section of the survey elicited opinions about the usefulness of specific coastal and marine 

ESV for policy, management, and decision-making. This involved asking respondents questions to 

identify how useful values for specific ecosystem services would be for management and decision-

making. The types of ecosystem services asked about were grouped into the Millennium Ecosystem 

Assessment (MA 2005) categories of provisioning services (Table 3), supporting and regulating services 

(Table 4), and cultural ecosystem services (Table 5). The provisioning service category includes food and 

non-food materials provided by the ecosystem. ESV information on food provisioning ecosystem 

services (fish and other living marine resources harvested or collected for human consumption), as well 

as for human production processes (fish and other living marine resources used to produce other food 

people eat) were viewed as “very useful” by a large majority of respondents (78 and 69%, respectively, 

for the 381 item respondents) (Table 3). For both, over 92% of the respondents indicate these values 

would be at least “moderately useful” for management and decision-making. While non-food 
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provisioning ecosystem service values were also viewed by a majority of respondents as at least 

“moderately useful”, a majority of respondents (51%) indicate that ESV information on ocean and 

coastal renewable energy services (e.g., off-shore wind and solar) is “very useful.” Less than 9% of 

respondents indicated that the non-food material values were “not at all useful.” 

 

Table 3. -- How useful economic value information – in the form of Ecosystem Service Values – is for 

management and decision-making for specific provisioning ecosystem services. 

 
Type of Ecosystem Service Very 

Useful  
Moderately 

Useful 

Only a 
Little 

Useful 

Not At 
All 

Useful 

Unsure
/ No 

Opinion 
Food source (item respondents = 381) 

Fish, other animals, and plants 
harvested for human consumption via 
commercial fishing, aquaculture, 
hunting, and subsistence/artisanal 
fishing 77.7% 15.0% 3.4% 0.8% 3.1% 
Fish, other animals, and plants used as 
inputs in human production process 
(e.g., bait, feed used in agriculture) or 
other ecosystem production processes 
(e.g., forage fish) 69.0% 23.1% 3.7% 0.8% 3.4% 

Source of non-food materials (item respondents = 381) 
Minerals, rare earth elements, 
petroleum/oil, natural gas, and other 
valuable materials that can be mined, 
dredged, or harvested 37.0% 31.5% 14.2% 8.4% 8.9% 
Materials needed for, or potentially 
useful for, medicine or 
pharmaceuticals 38.1% 33.1% 17.3% 3.4% 8.1% 
Wave, wind, and geothermal energy 
that can be harnessed (incl. off-shore 
solar) 51.4% 31.0% 7.9% 2.9% 6.8% 
Fish, other animals, and plants 
harvested for ornamental use (e.g., 
aquariums)  29.4% 27.8% 26.8% 8.9% 7.1% 
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At least 80% of respondents indicated that ESV information for supporting/regulating ecosystem 

services like pollutant filtration, shoreline protection, and storm buffering were at least “moderately 

useful” for management and decision-making purposes (Table 4). Values for shoreline protection and 

erosion control, and for habitat for coastal and marine plants and animals, had the most respondents 

indicating “very useful” (75 and 78%, respectively). Values associated with the oceans being used as a 

medium for transportation (maritime uses) received the lowest support by respondents with less than a 

third indicating these values would be “very useful.” 

 

Table 4. -- How useful economic value information – in the form of Ecosystem Service Values – is for 

management and decision-making for specific supporting/regulating ecosystem services. Item 

respondents = 367.  

 
Type of Supporting/Regulating 
Ecosystem Service 

Very 
Useful  

Moderately 
Useful 

Only a 
Little 

Useful 

Not At All 
Useful 

Unsure/ 
No 

Opinion 
Carbon sink (i.e., carbon 
sequestration) 63.2% 22.3% 8.4% 0.8% 5.2% 
Pollutant filtration and remediation 68.4% 22.1% 5.2% 0.8% 3.5% 
Shoreline protection and erosion 
control 74.9% 16.6% 4.1% 0.8% 3.5% 
Storm buffering 68.7% 22.6% 4.4% 0.5% 3.8% 
Medium for transportation of goods 
and people  32.7% 35.4% 21.8% 3.3% 6.8% 
Habitat for coastal and marine plants 
and animals 78.2% 17.4% 2.2% 0.3% 1.9% 

 

There were three types of cultural ESV asked about—those associated with recreational opportunities; 

social, cultural, and religious benefits; and nonuse benefits (Table 5). Among recreational ecosystem 

values, onshore/coastal recreation activities received the lowest amount of support for being useful for 

management and decision-making (42% of respondents; 367 item respondents). Nevertheless, all four 

categories (water recreation, sport fishing, wildlife and scenic viewing, and onshore/coastal recreation 

activities) were at least “moderately useful” to at least 75% of respondents. Likewise, at least 75% 

indicated that ESV information about social, cultural, and religious benefits are at least “moderately 

useful” for management and decision-making. A slightly lower percentage of respondents indicated that 

the ESV information about nonuse benefits, specifically existence benefits, would be at least 

“moderately useful.” However, ESV information about the other major category of nonuse benefits, 

bequest benefits, were at least “moderately useful” in the minds of 80% of respondents. 
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Table 5. -- How useful economic value information – in the form of Ecosystem Service Values – is for 

management and decision-making for specific cultural ecosystem services. 

 
Type of Ecosystem Service 

Very 
Useful  

Moderately 
Useful 

Only a 
Little 

Useful 

Not at All 
Useful 

Unsure/ 
No 

Opinion 
Recreational Opportunities (item respondents = 367) 

Water recreation (e.g., scuba diving, 
snorkeling, swimming, surfing, 
paddle boarding, kayaking, sailing, 
motor-boating, etc.) 46.6% 34.9% 12.3% 2.5% 3.8% 
Sport fishing opportunities 51.0% 33.8% 9.0% 1.6% 4.6% 
Wildlife and scenic viewing 
opportunities 51.2% 33.5% 10.4% 1.1% 3.8% 
Onshore/coastal recreation activities 
(e.g., tide pooling, sunbathing) 42.2% 33.5% 16.9% 3.0% 4.4% 

Social, Cultural, and Religious Benefits (item respondents = 359) 
Cultural heritage 54.3% 30.9% 10.6% 0.8% 3.3% 
Spiritual or religious importance 42.6% 33.4% 13.9% 3.9% 6.1% 
Sense of place/identity 44.8% 31.2% 16.7% 2.5% 4.7% 
Educational opportunities 52.4% 32.3% 11.4% 0.6% 3.3% 

Nonuse Benefits (item respondents = 359) 
Existence benefits (knowing that 
something exists even if it is never 
visited or used) 39.0% 32.6% 19.8% 3.6% 5.0% 
Bequest benefits (knowing that 
something will be available for 
future generations) 49.6% 30.6% 13.9% 2.2% 3.6% 

 

Application of ESV Information in Policy and Management 

 

Respondents were asked how useful ESV information would be for a wide variety of policy and 

management applications, including specific regulatory analyses (Table 6), non-regulatory products 

(Table 7), protected species analyses (Table 8), ecosystem approaches to management (Table 9), and 

other applications (Table 10). 

 

Across a wide range of U.S. regulatory-related analysis types, the majority of respondents indicated that 

ESV information would be “very useful” (generally > 60% of item respondents) with very few 

respondents (generally less than 1%) indicating that it would not be useful at all (Table 6). This includes 

analyses done in support of management or policy decisions pertaining to marine fisheries (e.g., fishery 

allocations, closures, and catch shares programs), aquaculture (e.g., closures and siting decisions), 
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protected species (e.g., bycatch policies, dam re-licensing and removal, habitat modifications, and 

critical habitat designations), marine protected areas (e.g., National Marine Sanctuaries designations 

and regulatory changes), non-fisheries coastal management (e.g., coastal dredging, armoring, and 

habitat modification), off-shore non-fisheries activities (e.g., energy production, marine mining, etc.), 

and environmental justice assessments. Of these, environmental justice assessments was the 

application that the lowest percentage of respondents felt ESV information would be “very useful” 

(58%), and the largest percentage of respondents (72%) indicating “very useful” for protected species-

related analyses. 
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Table 6. -- Usefulness of including ecosystem service value information in different types of regulatory 

analyses (EIS, EA, RFA, and similar formal analyses mandated by statute or regulation). Item 

respondents = 335. 

 The Inclusion of Ecosystem Service Values Would Be… 

Type of Regulatory Analysis Very 
Useful 

Moderately 
Useful 

A Little 
Useful 

Not At 
All 

Useful 

Unsure/
No 

Opinion 
Related to any U.S. marine fisheries 
management/policy decisions (e.g., 
allocations, spatial and temporal 
closures, catch shares, essential fish 
habitat (EFH), etc.) 69.6% 16.7% 7.2% 0.6% 6.0% 
Related to U.S. aquaculture 
management/policy decisions (e.g., 
area closures, siting and permit 
decisions, etc.) 64.5% 20.0% 5.4% 0.9% 9.3% 
Related to protected species 
management/policy decisions (e.g., 
protected species bycatch, area 
closures, dam re-licensing and 
removals, habitat modifications, ESA 
critical habitat designations, etc.) 72.8% 16.7% 6.0% 0.3% 4.2% 
Related to marine protected area 
decisions (e.g., National Marine 
Sanctuaries designations, regulatory 
changes, etc.) 69.6% 17.0% 8.1% 0.6% 4.8% 
Related to other non-fisheries coastal 
management decisions (e.g., coastal 
dredging, armoring, habitat 
modification, etc.) 65.1% 23.3% 5.4% 0.6% 5.7% 
Related to other non-fisheries off-
shore activities management 
decisions (e.g., energy production 
activities, marine mining operations, 
marine transportation, etc.) 62.1% 25.4% 5.4% 0.9% 6.3% 
Related to environmental justice 
assessments 58.2% 23.6% 10.1% 1.8% 6.3% 

 

The usefulness of ESV information for non-regulatory products was also assessed (Table 7). Non-

regulatory products were classified into three types: 1) analyses done for program evaluation or internal 

assessment; 2) analyses done for white papers, research reports, or peer-reviewed publications; and 3) 

outreach or education materials. Of these, the usefulness of ESV information was highest for the latter 
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two with about 50% of respondents indicating ESV information would be “very useful” and 31% 

indicating it would be “moderately useful” for these types of products. For the first type of non-

regulatory products, about 13% were unsure or had no opinion about whether ESV information would 

be useful. At the same time, about two-thirds indicated that they believed ESV information would be at 

least “moderately useful” for these types of products. 

 

Table 7. -- Usefulness of including ecosystem service value information in different types of non-

regulatory products (policy and research-related products). Item respondents = 335. 

 The Inclusion of Ecosystem Service Values Would Be… 

Type of Non-regulatory Product Very 
Useful 

Moderately 
Useful 

A Little 
Useful 

Not At All 
Useful 

Unsure/No 
Opinion 

Non-regulatory analyses (e.g., 
program evaluations, internal 
assessments) 31.9% 35.5% 17.3% 2.7% 12.5% 
Science Centers/Labs and NOAA 
Fisheries HQ analyses (e.g., white 
papers, research reports, and peer-
reviewed publications) 49.3% 31.3% 10.4% 1.8% 7.2% 

Outreach/educational materials 51.3% 31.3% 11.3% 0.9% 5.1% 
 

Having ESV information available for different types of protected species analyses was viewed by a 

majority of respondents (item respondents = 335) as “very useful” with roughly a quarter more believing 

it would be “moderately useful”. This was fairly consistent regardless of whether the information would 

be used to inform ESA-related analyses, other endangered and threatened species activities (e.g., 

international agreements), or MMPA-related activities (Table 8). 
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Table 8. -- Usefulness of including ecosystem service value information in different types of protected 

species analyses. Item respondents = 335. 

 The Inclusion of Ecosystem Service Values Would Be… 

Type of Protected Species Analysis Very 
Useful 

Moderately 
Useful 

A Little 
Useful 

Not At All 
Useful 

Unsure/No 
Opinion 

Endangered Species Act (ESA)-
related activities (e.g., developing 
and evaluating recovery plans, 
critical habitat designations, and/or 
ESA consultations) 55.4% 23.7% 9.2% 3.1% 8.6% 
Other endangered and threatened 
species activities (e.g., international 
agreements, etc.) 51.1% 25.2% 9.8% 1.8% 12.0% 
Marine Mammal Protection Act-
related activities (e.g., regulations, 
spatial/temporal area closures) 54.5% 24.6% 8.6% 2.2% 10.2% 

 

Broadly speaking, there are a variety of ecosystem approaches to management that NOAA Fisheries has 

become involved with or initiated in recent years. These include IEA, EBFM, CMSP, climate vulnerability 

analyses (CVA), and other decision-support tools (particularly ones related to climate change). The use 

of ESV information in all of these were viewed by a majority (about 60% or more) of respondents (item 

respondents = 335) as “very useful,” with about 85% of respondents generally indicating ESV 

information would be at least “moderately useful” (Table 9).  
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Table 9. -- Usefulness of including ecosystem service value information in different types of ecosystem 

approaches to management. Item respondents = 335. 

 The Inclusion of Ecosystem Service Values Would Be… 

Type of Ecosystem-based 
Management Approach 

Very 
Useful 

Moderately 
Useful 

A Little 
Useful 

Not At 
All 

Useful 

Unsure/
No 

Opinion 
Integrated ecosystem assessments 
(IEAs) 64.0% 19.1% 3.7% 1.2% 12.0% 
Ecosystem-based fisheries 
management (EBFM)  70.5% 16.6% 3.7% 0.9% 8.3% 
Coastal and marine spatial planning 
(CMSP) 64.9% 20.6% 3.7% 1.2% 9.5% 
Decision-support tools related to 
climate change 64.0% 19.4% 7.1% 1.5% 8.0% 

Climate vulnerability analyses (CVA) 59.4% 18.5% 9.2% 2.2% 10.8% 
 

Respondents were also asked to assess how useful ESV information would be in the application of 

management strategy evaluation (MSE) models, which are used to evaluate the effects of policy or 

management changes (Table 10). Only about 40% indicated that ESV information would be “very useful” 

in MSE applications, though in total over 63% indicated it would be at least “moderately useful.” It 

should be noted, however, that one-quarter of respondents were unsure or had no opinion on this, 

which may be indicative that they did not know what MSE is. A similar percentage of respondents were 

unsure or had no opinion about how useful ESV information would be for application of socio-ecological 

systems (SES) models and coupled human and natural systems (CHANS) frameworks. However, about 

70% of respondents did indicate ESV that ESV information would be at least “moderately useful” in 

those frameworks. Almost 85% of respondents, however, felt that ESV information would be at least 

“moderately useful” for education and outreach materials. 
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Table 10. -- Usefulness of including ecosystem service value information in other activities. Item 

respondents = 322. 

 The Inclusion of Ecosystem Service Values Would Be… 

Other Activity Type Very 
Useful 

Moderately 
Useful 

A Little 
Useful 

Not At All 
Useful 

Unsure/No 
Opinion 

Management Strategy Evaluation 
(MSE) 40.1% 23.3% 9.0% 2.2% 25.5% 
Social-ecological models and 
coupled human and natural systems 
(CHANS) frameworks 51.9% 18.0% 6.2% 1.2% 22.7% 
Information, education, or outreach 
material 51.9% 32.3% 9.3% 1.2% 5.3% 

 

General opinions about ESV information usage, need, and limitations 

 

The final set of questions asked respondents to indicate the extent to which they agreed or disagreed 

with 10 statements about ESV information and its usage (Tables 11-12). Responses were presented as a 

5-point Likert scale ranging from strongly agree to strongly disagree. There were 308 item respondents 

to these questions. Below, we group these questions into two groups: 1) statements regarding the 

general usage and need for ESV information and 2) statements about limitations and constraints to 

produce or use ESV information. 

 

The first group of statements generally address aspects of using ESV information in decision-making 

(Table 11).  The first statement related to the appropriateness of using ESV information to represent 

human preferences in decision-making. Over 68% of respondents indicated they agreed with the 

statement, “Using ecosystem service values is an appropriate way to include human preferences in 

decision-making.” About 7% of respondents disagreed with the statement, indicating that they did not 

feel ESV information is the appropriate manner in which to account for human’s preferences and values 

in policy and management. The second statement related to whether the use of ESV information should 

be evaluated on a case-by-case basis. About 42% agreed and 25% disagreed with the statement, 

“Including ecosystem service values is best done on a case-by-case basis,” with an additional 19% being 

neither agreeing nor disagreeing and 14% being unsure or not having an opinion. The third statement 

related to whether ESV information should be considered to the maximum extent possible in marine 

management decisions. About 71% at least “moderately agreed” and 8% at least “moderately 
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disagreed” with the statement, “Ecosystem service values should be included to the greatest extent 

possible when making decisions about the marine environment.” 14% had no opinion or were unsure. 

A large majority (almost 77%) disagreed with the fourth statement, “Current practices are good enough 

for sound marine management so ecosystem service values are unnecessary,” indicating they do feel 

like the addition of ESV information could benefit policy and management. However, about 6% agreed 

with the statement suggesting that the current practices that may ignore ESV information are good 

enough. And finally, about 73% agreed with the fifth general usage statement, “Using ecosystem service 

values is a good way to evaluate trade-offs associated with alternative management scenarios.” Thus, a 

large majority of respondents viewed the use of ESV information for evaluating trade-offs positively. 

This is in contrast to almost 8% who disagreed with it. About 12% neither agreed nor disagreed, and 8% 

were unsure or had no opinion. 

 

Table 11. --Likert scale responses to statements about general usage of and need for ESV information. 

Item respondents = 308. 

Statement Strongly 
Agree 

Moderately 
Agree 

Neutral Moderately 
Disagree 

Strongly 
Disagree 

Unsure/
No 

Opinion 
Using ecosystem service values is 
an appropriate way to include 
human preferences in decision-
making.  21.1% 47.4% 16.6% 4.5% 2.9% 7.5% 
Including ecosystem service 
values is best done on a case-by-
case basis. 9.7% 32.8% 19.2% 19.8% 4.9% 13.6% 
Ecosystem service values should 
be included to the greatest 
extent possible when making 
decisions about the marine 
environment. 33.1% 38.3% 14.3% 6.8% 1.6% 5.8% 
Current practices are good 
enough for sound marine 
management so ecosystem 
service values are unnecessary. 2.9% 2.9% 9.1% 36.0% 40.9% 8.1% 
Using ecosystem service values is 
a good way to evaluate trade-
offs associated with alternative 
management scenarios.  29.9% 42.9% 12.3% 3.9% 2.6% 8.4% 
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The second group of statements address the limitations and constraints for producing or using ESV 

information (Table 12). The first statement related to the science underlying the valuation of ecosystem 

services. The majority of respondents (55%) indicated they disagreed with the statement that “The 

science underlying the economic valuation of marine ecosystem services is too uncertain to use 

ecosystem service values in management.” About 19% agreed with the statement and almost 11% 

offered no opinion. About 16% were neutral to this statement, indicating they neither agreed nor 

disagreed with it. The second statement addressed the concern about the cost of undertaking research 

to produce ESV information. About 63% of respondents disagreed, and about 8% agreed, with the 

statement, “Estimating the value of ecosystem services is too expensive to make the undertaking 

worthwhile for management.” Almost 15% were unsure or had no opinion. The third statement, like the 

first one, related to the underlying science but focused on what is known about the biophysical 

ecosystem functions and processes necessary to understand ecosystem services. About 50% disagreed, 

while 26% agreed, with the statement, “We currently do not know enough about 

physical/biological/ecological relationships within ecosystems to be able to estimate most ecosystem 

service values.” An additional 15% were neutral, and 8% had no opinion or were unsure. The fourth 

statement addressed another potential obstacle to the use of ESV information, time and resource 

constraints. 59% agreed with the statement, “Time and resource constraints are a large impediment to 

systematically using ecosystem service values in management.” This suggests a majority of respondents 

viewed using ESV information as a costly endeavor, which may influence whether or not they would 

actually pursue doing so. About 15% disagreed with the statement and another 15% were unsure or had 

no opinion. The final statement regarding ESV information concerns whether it is ethical to monetize the 

benefits of ecosystem services. 72% disagreed with the statement, “It is unethical to put an economic 

value on ecosystem services,” while about 10% agreed with it. 13% were neutral, and 6% were unsure or 

had no opinion.  
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Table 12. -- Likert scale responses to statements about ESV information. Item respondents = 308. 

Statement Strongly 
Agree 

Moderately 
Agree 

Neutral Moderately 
Disagree 

Strongly 
Disagree 

Unsure/
No 

Opinion 
The science underlying the 
economic valuation of marine 
ecosystem services is too 
uncertain to use ecosystem 
service values in management.  3.9% 14.6% 15.6% 38.3% 16.9% 10.7% 
Estimating the value of ecosystem 
services is too expensive to make 
the undertaking worthwhile for 
management. 3.2% 4.5% 14.6% 29.5% 33.1% 14.9% 
We currently do not know enough 
about 
physical/biological/ecological 
relationships within ecosystems to 
be able to estimate most 
ecosystem service values. 8.4% 18.2% 15.3% 36.7% 13.6% 7.8% 
Time and resource constraints are 
a large impediment to 
systematically using ecosystem 
service values in management.  22.4% 36.7% 11.4% 9.1% 5.8% 14.6% 
It is unethical to put an economic 
value on ecosystem services. 4.5% 5.2% 13.3% 25.6% 45.8% 5.5% 

 

 

Discussion 

 

Several caveats are important to mention for properly interpreting the survey findings and their 

implications. First, the survey was limited to the population of NOAA Fisheries federal employees. Thus, 

contractors and grantees who often work side-by-side with federal employees in the agency and who 

contribute to its mission in important ways were not surveyed. Also excluded were management 

partners who work at the regional fishery management councils who are not considered federal 

employees for the purposes of federal survey data collection. Extending the survey to these non-federal 

employees, as well as to federal employees in other NOAA line offices (National Ocean Service, Office of 

National Marine Sanctuaries, National Weather Service, etc.) and other federal agencies (USDA, EPA, 

etc.), is being considered for future versions of the survey to get a more complete understanding of how 

the usefulness of ESV information is viewed beyond NOAA Fisheries. However, the current survey was 
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tailored to collect information from NOAA Fisheries federal employees and should be viewed within this 

more limited scope.  

 

Second, the extent to which the sample results can be generalized to the population is difficult to assess.  

Less than 18% of the eligible population of NOAA Fisheries federal employees responded to the survey. 

Whenever response rates fall below 100%, but especially in cases of low response rates such as the 18% 

achieved here, non-response bias is a potential concern (Groves 2006). Non-response bias occurs when 

respondents to the survey differ in key aspects from non-respondents. This would imply the pattern of 

responses may differ had the non-respondents’ views been collected, suggesting the survey sample is 

not representative of the population in those aspects. Non-response bias is typically evaluated by 

comparing auxiliary information known about both respondents and non-respondents, such as 

demographic or geographic information. When characteristics of respondents and non-respondents are 

found to differ, the sample results can be weighted based on those observable differences to better 

reflect the population (e.g., Lew, Himes-Cornell, and Lee 2015). This is a fairly common practice in survey 

research (Brick and Kalton 1996).  

 

In this survey, however, there is little information about respondents that could be used to assess non-

response bias, as anonymity was prioritized to ensure respondents could freely express their views. One 

potential variable that could be used for the purpose of weighting the survey results is position title, 

which was collected. However, only 371 of the 550 unit respondents provided this information, which 

limits our ability to evaluate the extent to which non-response bias may be an issue. While we continue 

to examine ways of better understanding this issue, the auxiliary data limitations may preclude fully 

understanding the extent to which non-response bias may be present in the data. Thus, while we don’t 

have a reason to suspect a strong presence of this bias in the survey data, any generalizations of the 

survey findings presented here should be viewed cautiously. Additionally, any future extensions of the 

survey should prioritize collection of information that can be used for assessing this issue. 

 

Third, the results presented in this report are for the full sample of respondents only. We leave for 

future work more detailed breakdowns of responses by respondent types of interest. These include 

examining how responses differ by type of work performed (research, policy/management, support, 

communications, leadership, etc.), disciplinary area (biologist/ecologist versus economist/social 

scientist), and length of tenure at NOAA Fisheries. Closer examination of the correlation these 
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characteristics have with responses, as well as the correlation between responses provided by 

individuals, will provide a richer understanding that is beyond the scope of the present report. 

 

And finally, on a related note, there are limits to examining sample-level response distributions for 

understanding trade-offs between different ecosystem service values and the policy and management 

settings in which they could apply. For this, analysis of the pattern of responses individuals make is 

necessary and left for future research.  

 

While much research remains to be done, and acknowledging the above caveats, the present analysis 

provides a useful overview of the general trends in views of ESV information and its usefulness in policy 

and management decision-making contexts. While there was not universal familiarity with the concepts 

of ecosystem services or ESV, a large majority were at least a little familiar with the concepts. There was 

also a fairly diverse set of experiences with ESV information, which is unsurprising given the diversity of 

job responsibilities represented among the survey respondents. Of those with some experience with 

ESV information, almost all indicated that the information is at least a little useful in their work.  

 

How respondents viewed the utility of ESV information depended in part on the particular ecosystem 

service in question, with fisheries-focused provisioning ecosystem services, namely the harvest of fish 

and other living coastal and marine resources for human uses, being viewed as particularly useful in 

policy and management decision-making. Likewise, ESV information about two supporting/regulating 

ecosystem services, habitat services and shoreline protection and erosion control, were viewed by over 

90% as being very useful for policy and management decision-making. Other types of coastal and marine 

ecosystem services generally scored lower in their perceived usefulness levels, but in almost all cases 

ESV information about all ecosystem services were thought to be at least moderately useful to a large 

majority of respondents (70% and above). Interestingly, ESV information about cultural ecosystem 

services like recreational, social, religious, and nonuse benefits provided by the ecosystem were viewed 

as at least moderately useful by three-quarters or more respondents, except for existence benefits, 

which was slightly lower (about 71%). For some of the ecosystem services for which NOAA Fisheries has 

a lesser role, like those related to maritime uses for the ocean and non-living resources (e.g., minerals), 

valuation information was viewed as being less useful. These results are suggestive that most NOAA 

Fisheries federal employees generally consider ESV information valuable for decision-making in relation 

to ecosystem services that are of principal concern to the agency. 
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Views on the usefulness of ESV information to specific types of policy or management-related activities 

were also enlightening. The results showed that respondents generally viewed this type of information 

very useful for the main NOAA Fisheries policy and management-related analyses and documents 

produced. Specifically, about 65% or more respondents believed the inclusion of ESV values in 

regulatory analyses related to policy or management of marine fisheries, aquaculture, and protected 

species was very useful. A similarly strong sentiment applied to views of the usefulness of this type of 

information in ecosystem approaches to management, like EBFM, IEA, and CMSP. This information being 

used in Management Strategy Evaluations, however, was viewed as useful by a slightly lower percentage 

of respondents, which could indicate that better communication about MSEs and their capabilities for 

integrating ESV information in a way consistent with CHANS or other SES model frameworks. This was 

also evidenced by the substantial percentage of respondents who responded “unsure/no opinion” when 

asked about this. ESV information was also viewed as useful generally for outreach and educational 

materials and non-regulatory research products. 

 

There was also evidence that most respondents believed using ESV information in policy and 

management processes was appropriate and a useful way of incorporating human preferences and 

values and facilitates improved understanding of trade-offs. The results also indicated that most 

respondents believed that the scientific understanding and methods to produce reliable ESV information 

existed and that the costs of producing this information are outweighed by their utility. There was, 

however, evidence that most felt that there were time and resource constraints that could impede the 

incorporation of ESV information in policy and management. 

 

Overall, these results suggest that NOAA Fisheries federal workers are generally aware of, and 

supportive of the use of, ESV information in a wide variety of applications in which the agency engages, 

particularly as it relates to ecosystem services of primary interest to the work done by NOAA Fisheries. 

There appears to be a broad understanding of the importance of using this type of information in policy 

and management, though support varied across the different types of application settings. Increased 

education about why, how, when, and in what contexts to apply ESV information could enhance and 

improve its usage.  

 

Over the past 20 years, NOAA Fisheries has undertaken a number of initiatives aimed at understanding 

and estimating values for an array of ecosystem services (Lipton et al. 2014). Arguably the largest effort 
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has focused on estimating values associated with recreational fin-fishing and shell-fishing, with studies 

completed in every NMFS management region that provide values for additional harvest, regulatory 

changes, or other policy attributes of interest in a specific region (examples include Anderson and 

Plummer 2016, Lee et al. 2017; Lew and Larson 2015, Carter et al. 2020). Additionally, non-use values 

for protected marine species have been estimated for a number of species under the stewardship of 

NMFS (examples include Lew et al. 2010, Wallmo and Lew 2012), and values for supporting services such 

as habitat areas of particular concern (a part of essential fish habitat) have also been estimated (Wallmo 

and Edwards 2008). While the recreational fishing program (under NMFS’ Marine Recreational 

Information Program) has a fairly well-developed mechanism for funding studies that generate values 

needed for policy, values for other ecosystem services have generally been one-off studies, as noted by 

the Science Advisory Board in their 2016 report on NOAA’s use of ecosystem service values. Additional 

investments in people and projects that generate ESV information for ecosystem services of importance 

to the agency (as identified in part in this report) are needed to build an inventory of ESV information 

that informs decision-making and benefits policy and management settings.  
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