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Abstract  

The concept of ecosystem services has been increasingly applied to ensure 
the benefits from ecosystems are incorporated into decision making. This 
idea supports sustainability goals by linking natural capital with financial 
capital. The concept of ecosystem services can assist the United States De-
partment of Defense (DoD) in making natural resources decisions today 
for improved long-term outcomes. The concept also has strategic planning 
implications because the military’s role continues to evolve along with in-
ternational security concerns. This report summarizes the latest literature 
on ecosystem services in science and policy, to describe ways in which 
emerging applications of this concept may impact military planning and 
policy. The report’s four sections provide an overview of the concept of 
ecosystem services and its recent adoption by major science and policy 
stakeholders; reviews of some recent applications of the concept; links of 
these applications to military activities; and recommendations and conclu-
sions. The study concludes the DoD needs to (1) successfully engage with 
stakeholders on conservation issues; (2) use new tools and data sources in 
decision making; and (3) prepare for new regulatory requirements. The 
DoD should move forward with institutionalizing the concept of ecosystem 
services through additional research, engagement, training, and outreach. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The emergence of the sustainability paradigm was driven by a need to 
bring environmental concerns into economic decision making. There was a 
need to understand the fundamental links between human well-being and 
the health of the ecosystems that underlie all economic activity. More re-
cently, the concept of ecosystem services has been increasingly applied to 
ensure the benefits that people receive from ecosystems are incorporated 
into decision making. The idea supports achievement of sustainability 
goals and objectives by linking natural capital with financial capital. Mak-
ing this connection continues to be a challenge, as many decision makers 
continue to view environmental concerns as compromising economic 
gains or mission accomplishment. The concept of ecosystem services pro-
vides a framework to overcome this ongoing disconnect. It has proven to 
be a useful construct for interdisciplinary conversations, and is rapidly be-
ing adopted by the governmental and nongovernmental communities as 
the need to make informed natural resource management decisions be-
comes more and more of a critical concern.  

The concept of ecosystem services can assist the US Department of De-
fense (DoD) in making natural resources decisions today for improved 
outcomes in the long term. It also has implications for strategic planning 
as the role of the military continues to evolve along with international se-
curity concerns. There are also potential impacts for installation land 
managers as the concept is incorporated into regulatory approaches such 
as environmental impact assessment and compensatory mitigation. Over-
all, the concept of ecosystem services provides a useful framework for sus-
taining military testing and training capabilities by linking the natural re-
sources controlled by the military to the regional context that will impact 
these resources over the long term. This concept can potentially bring 
training land managers more actively into the ongoing sustainability con-
versations at installations, which tend to be dominated by energy, waste 
and pollution prevention stakeholders. The concept can help bridge the 
divide between environmental and mission concerns and support the tri-
ple bottom line. 
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1.2 Objective 

The objective of this report is to summarize the latest literature on ecosys-
tem services in science and policy, and then to describe ways in which 
emerging applications of this concept may impact military planning and 
policy.  

1.3 Approach 

The research conducted in support of this report involved a literature re-
view. The first component was a review of US government agency web-
based resources, searching with the term “ecosystem services.” The second 
was a search of electronic journals using the same search term, and re-
viewing a limited selection from 2009 and 2010. Other articles were ob-
tained that were frequently cited within the recent literature that could 
provide background to recent developments. Recently published books 
(2009 and 2010) with the term in the title were reviewed. The final step 
was to search websites of nonprofit organizations that are focused on pro-
moting this concept for biodiversity conservation, for improvement of 
human well-being, and for establishing ecosystem service markets. 

1.4 Scope 

This literature review was not intended to be a meta-analysis of published 
research and policy documents because the published literature on this 
topic has grown exponentially over the past decade. Rather, the review was 
intended to capture significant trends based on analysis and reviews com-
pleted by others or to review the very latest in ecosystem service thought 
and relate it to the military mission. The results are organized in four sec-
tions following this introduction. The first presents an overview of the 
concept and its recent adoption by major science and policy stakeholders. 
The second reviews some of the recent applications of the concept. The 
third section links the applications to military activities. The final section 
provides some initial conclusions about the significance of the term to the 
DoD and recommendations for next steps. 

1.5 Mode of technology transfer 

This report is being transmitted to military policymakers and managers 
responsible for implementing land and installation sustainability initia-
tives for the Army. This report served as the basis for an Army Environ-
mental Policy Institute (AEPI) Foresight Bulletin, “June 2011: Protecting 
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Critical Benefits Received from Ecosystems,” which is available at 
http://www.aepi.army.mil. Foresight Bulletins introduce a specific topic, 
discusses the topic’s importance to the Army, and highlight several key ar-
eas for further study. In addition, this report will be publicly accessible via 
the ERDC library archive at http://acwc.swdp.sirsi.net/client/default.  

http://acwc.swdp.sirsi.net/client/default
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2 Adoption of the Concept 

There has been much research and thought devoted to the relationship of 
nature and human well-being. The concept of ecosystem services is one of 
many lines of research on this relationship, and it initially emerged in the 
1970s (Small and Lewis 2009). The concept was solidified recently as a re-
sult of several highly cited publications (Costanza 1997; Daily 1997) and 
the Millennium Ecosystem Assessment (MA).1 The MA was commissioned 
by the United Nations and published a framework in 2003 and a synthesis 
in 2005 (MA 2003, 2005). The results describe types of ecosystem services 
in a classification scheme that continues to be used in research and policy 
(Figure 1). The MA conducted a global assessment of the state of ecosys-
tem services and found that 60 percent of ecosystems were degraded or 
used unsustainably. By publishing a definition of the ecosystem services 
concept, the MA served to connect and highlight much of the research and 
discussion in the areas of conservation, natural resource management, and 
environmental economics. It also focused attention on the rapidly declin-
ing state of these critical life-support systems. Since publication of the MA 
reports, there has been a rapid expansion in ecosystem services-related 
research in many disciplines. It has proven to be a useful term for cross-
disciplinary conversations but one that continues to be adopted and re-
fined. 

The MA defined ecosystem services simply as the benefits that people re-
ceive from ecosystems. There have been other classification and character-
ization frameworks developed to further specify the type of service and its 
relationship to ecosystem function, as the two terms are not synonymous 
(Boyd and Banzhaf 2007; Gómez-Baggethun and De Groot 2010). Ecosys-
tem functions produce the services, but they are “services” only when hu-
man beings benefit. Humans benefit from both managed and natural eco-
systems.  

Most literature focuses on the services that come from natural ecosystems, 
but it is equally important to recognize those that come from heavily man-
aged landscapes and cities (Bolund and Hunhammer 1999; Norris et al. 
2010). This urban connection is evident in the planning world as a focus 
                                                                 
1 Reports and supporting information about the MA are available at 

http://www.maweb.org/en/index.aspx.  

http://www.maweb.org/en/index.aspx
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on “natural” or “green” infrastructure for certain benefits (instead of 
manmade infrastructure)—wastewater treatment, erosion control, and 
recreational trail networks, in particular (Benedict and McMahon 2006; 
Jaffe 2010).  

There are many ongoing efforts that attempt to fill the knowledge gaps 
identified by the MA and improve the quality of information about the 
condition of the world’s ecosystems, such as those by the World Data Cen-
ter for Biodiversity and Ecology. In the United States, efforts to assess eco-
system services include: the creation of the Ecosystem Services Research 
Program in the US Environmental Protection Agency (USEPA) and its Na-
tional Atlas of Sustainable Ecosystem Services project; the National Geo-
physical Data Center Ecosystem Informatics; and the Heinz Center report 
series, “The State of the Nation’s Ecosystems” (2002, 2008). The status of 
these efforts and others was not reviewed as part of this report, although it 
is important to note that many nonprofit and government efforts are un-
derway to gather data on the conditions of ecosystems and their ability to 
support human well-being. 

 
Figure 1. Millennium ecosystem assessment classification scheme (MA 2005). 
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3 Application of the Concept 

The concept of ecosystem services has proven to be a useful interdiscipli-
nary term, with several fields of study adopting it as a framework for eco-
logical research and economic accounting systems; for enhancing conser-
vation; and for improving natural resource management outcomes. The 
various ways that the term has been applied have been mostly theoretical 
to date, with limited documented examples of the idea directly influencing 
decision making (Cox and Searle 2010; Cowling et al. 2008; Daily et al. 
2009). Overall, the term is more commonly found in research and aca-
demic conversations, but there is a great deal of optimism among these 
communities that the concept will enable better decision making for the 
benefit of people and nature (Cox and Searle, 2010). There are significant 
challenges in the science and policy aspects of ecosystem services, but it is 
generally understood that if these values are not included in accounting 
and decision-making processes, they will not be adequately protected. 

Two fundamental changes need to occur in order to 
replicate, scale up, and sustain the pioneering efforts 
currently underway to give ecosystem services weight 
in decision making. First, the science of ecosystem 
services needs to advance rapidly. Second, ecosystem 
services must be explicitly and systematically inte-
grated into decision making by individuals, corpora-
tions, and governments. Without these advances, the 
value of nature will remain little more than an inter-
esting idea that is represented in scattered, local and 
idiosyncratic efforts. (Daily et. al. 2009, 21–22) 

In this section, several examples of emerging applications of the concept 
will be reviewed including natural resource conservation, natural resource 
management, ecological economics, environmental impact assessment, 
and human health and well-being. Figure 2 summarizes concepts within 
each of these areas as they have brought ecosystem services into their lexi-
con. 



ERDC/CERL CR-11-1 7 

 

 
Figure 2. Application of the ecosystem services concept. 

3.1 Human health and well-being 

The purpose of the MA was to assess the consequences of ecosystem 
change on human well-being. This relationship continues to guide interna-
tional aid organizations as strategies for improving the human condition 
are developed and implemented (United Nations Millennium Project 
2005; USAID 2010; WRI 2005, 2008). The link between biodiversity, eco-
system services, and human health is increasingly the focus of research 
and policy making (Naeem et al. 2009a; Osvaldo et al. 2009; Ranganathan 
and Hazlewood 2010; Slootweg et al. 2010). This causal relationship is un-
derstood as:  

biodiversity  ecosystem functioning  ecosystem services  human well-being 

Evidence continues to accumulate that supports this link. There is now a 
“scientific consensus that biodiversity is critical for ecosystem function” 
(Solan et al. 2009, 42). A recent review of research found evidence of a di-
rect biodiversity ecosystem function  ecosystem service connection to 
human health through reduced disease transmission. As Keesing et al. 
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stated, “…A consistent picture has emerged – biodiversity loss tends to in-
crease pathogen transmission and disease incidence” (2010, 647). Recent 
research is also focused on impacts of climate change to biodiversity and 
ecosystem services (Naeem et al. 2009b). Even with this growing body of 
evidence relating ecosystem well-being to human well-being, additional 
work is needed to translate the scientific data into decision-making con-
texts for the preservation of biodiversity and other ecosystem services. 
There are currently gaps in communication between the scientists who re-
search the relationships between biodiversity and ecosystem services and 
the natural resource managers who are addressing “large-scale, real-world 
environmental problems” (Solan et al. 2009, 44).  

The importance of improving and protecting ecosystem health is high-
lighted throughout the MA documents. As the statement below from the 
Health Synthesis (2005) states, reducing poverty, infant and maternal 
mortality, malnutrition, and other Millennium Development Goals 
(MDGs) will not be possible if the world’s ecosystems continue to decline. 

The ongoing degradation of ecosystem services is a 
significant barrier to achieving the MDGs. 
Ecologically unsustainable use of ecosystem services 
raises the potential for serious and irreversible 
ecological change. This may occur on such a large 
scale as to have a catastrophic effect on the economic, 
social and political processes on which social stability, 
human well-being and good health depend. The 
MDGs give prominence to achieving reductions in 
malnutrition, infectious diseases, maternal mortality, 
exposure to unsafe drinking-water and, most 
importantly, poverty. All these goals are seriously 
jeopardized by continuing decline in the world's 
ecosystems. (Corvalan et al.  2005, 10) 

There are critiques of the scientific research in ecosystem services and 
human well-being in regards to the ability of environmental scientists to 
appreciate and articulate what is meant by “well-being.” There is an ongo-
ing need for improved dialog among the natural and social sciences, but 
many researchers feel this is a strength of the concept of ecosystem ser-
vices because it enables this communication (Cowling et al. 2008; Granek 
et al. 2010; Norris et al. 2010; Small and Lewis 2009).  
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We are skeptical of efforts in ecosystem service re-
search to include the human dimension and stake-
holders because the projects are driven by biophysical 
data and (formally educated) experts; the ideas and 
concepts about what constitutes human well-being 
remain abstract, general, and static; and the projects 
involve people and their actual values very late in the 
process. (Menzel and Teng 2009, 907) 

3.2 Natural resource conservation 

Conservationists are adopting ecosystem services as a way to improve the 
success rate for protecting valuable natural areas and other natural re-
sources. They believe successfully connecting human well-being with natu-
ral resource conservation will increase the resources devoted to conserva-
tion. 

The concept presumes that conservation can best be 
achieved by explicitly linking nature to human well-
being, and framing conservation in light of the ser-
vices, or benefits, that any given ecosystem produces. 
Once people recognize this link, and the value provid-
ed to them by a given ecosystem, the impetus for con-
servation is born. (Cox and Searle 2009, 4)  

Among conservation experts there is a debate as to whether the values of 
ecosystem services need to be quantified in dollars and traded in markets 
for true incorporation into decision making, or if simply recognizing these 
values exist is enough (Costanza 2006; McCauley 2006; Reid 2006). There 
also is debate by experts in this area around the possible negative side ef-
fects of pursuing preservation of single ecosystem service. Most of the con-
servation projects using ecosystem service approaches have been focused 
on protecting a single (albeit critical) service, which may have unintended 
consequences for biodiversity—the underlying objective of conservation 
biology and a less-effective approach overall (Cox and Searle 2009).  

There is a great deal of research being conducted in this area as conserva-
tion organizations seek to prioritize investments as well as apply new 
funding mechanisms to achieve greater results. Joint efforts such as the 
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Natural Capital project2 seek to characterize and quantify important ser-
vices to help make the case for protection, with the main goal “to get peo-
ple thinking regularly about ecosystem services as part of the direct cost or 
benefit of every decision” (Tallis et al. 2010, 12). One tool being developed 
is payment for ecosystem service (PES), which is a distinct alternative to 
the traditional approach of saving large blocks of critical natural habitat. 
PES programs pay landowners for specific types of management activities, 
while keeping the land in private hands. This is a fundamental shift away 
from the traditional perspective of “keeping the people out” to an appre-
ciation of the dynamic relationship between nature, people, and economic 
drivers. Initial research on PES programs demonstrates favorable out-
comes (Greenwalt and McGrath 2009).  

Organizations have emerged that are focused on developing and promot-
ing various market-based tools that can increase the amount of financial 
capital invested in conservation projects, one example being the Ecosys-
tem Marketplace.3 This organization tracks a wide range of market-based 
mechanisms and, in the process, promotes these tools. The U. S. govern-
ment has created an Office of Environmental Markets (OEM) within the 
United States Department of Agriculture (USDA) to enable continued 
growth of programs that subsidize the protection of valuable ecosystem 
services. “OEM has a unique role in the federal government's efforts to de-
velop uniform standards and market infrastructure that will facilitate 
market-based approaches to agriculture, forest, and rangeland conserva-
tion.”4 

3.3 Natural resource management 

The concept of ecosystem services is also influencing policy and practice in 
natural resource management. The guiding principles of ecosystem-based 
management and watershed-based management have been expanded to 
include the concept of ecosystem services, and research is being conducted 
in this area to understand tradeoffs and improve outcomes (Granek et al. 
2010; Kareiva et al. 2007; Kline et al 2009).  

                                                                 
2 Details on the Natural Capital Project can be found at: http://www.naturalcapitalproject.org/about.html 
3 Details on the Ecosystem Marketplace can be found at: http://www.ecosystemmarketplace.com/ 
4 Excerpt from the OEM website: http://www.fs.fed.us/ecosystemservices/OEM/index.shtml 

http://www.naturalcapitalproject.org/about.html
http://www.ecosystemmarketplace.com/
http://www.fs.fed.us/ecosystemservices/OEM/index.shtml
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The USDA Forest Service has taken a lead in exploring the significance of 
the concept for its forestry management practices.5 USDA Forest Service 
researchers have articulated the implications of an “ecosystem services 
approach” to managing national forests that contrasts with multiple-use 
and ecosystem-based approaches (Collins and Larry 2007). One change is 
that managers will view the landscape as containing stocks of natural capi-
tal, and the stocks and flows of these assets as part of their management 
responsibilities. They will need to ensure “the people who rely on these as-
sets know their values and the cost of losing them” (ibid., 6). This is relat-
ed to the need to connect ecosystem services to the people who benefit 
from them; management objectives become motivated by maintaining the 
supply and delivery of ecosystem services. Managers must also become 
more focused on anticipating future change and understanding the in-
creasing societal needs for services from the land and resources they man-
age. “An ecosystem services approach underscores the importance of as-
sessing alternative management strategies and takes demographic, 
economic, sociopolitical, and cultural factors into account, in addition to 
the direct drivers of ecosystem change” (ibid.). Finally, this approach re-
quires natural resource managers to embrace a new language that captures 
a broader set of values; a language that will resonate with a greater per-
centage of the public.  

3.4 Environmental and ecological economics 

Valuation of ecosystem services continues to be an important topic in en-
vironmental economics. One of the fundamental drivers of the use of the 
term was to understand and account for all the values in economic ex-
changes. First described as environmental externalities, this area of re-
search and policy has become increasingly sophisticated as more and more 
valuation studies are completed (Ruhl et al. 2007). Researchers have de-
veloped multiple methods to capture “total economic value” which “takes 
into account both the use and non-use values individuals and society gain 
or lose from marginal changes in ecosystem services” (Thornes 2010, 82). 
Guidance on how to quantify and capture ecosystem service values has 
been developed by the US Army Corps of Engineers (Pitts 2008) and the 
Office of the Secretary of Defense, Installations and Environment (ODUSD 
I&E 2008). These first steps focus on dollar values because the economic 
valuation of ecosystem services is the easiest to translate into existing ac-

                                                                 
5 Detailed listing of the resources developed by USDA Forest Service can be found at: 
http://www.fs.fed.us/ecosystemservices/resources.shtml 

http://www.fs.fed.us/ecosystemservices/resources.shtml
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counting and management systems, but they do not rule out other meth-
ods of valuation.  

3.5 Environmental impact assessment and mitigation 

A significant area of emerging ecosystem service application is related to 
implementation of existing regulatory, planning, and assessment frame-
works. Ecosystem services are being (or proposed to be) incorporated into 
environmental impact assessment, mitigation for development impacts, 
and natural resource damage assessments. One of the implications of the 
increasing recognition of the link between biodiversity, ecosystem func-
tion, and ecosystem services is the incorporation of ecosystem service im-
pacts into the environmental impact assessments (EIA) (Slootweg et al. 
2010). Impacts to biodiversity can be connected with loss of important 
ecosystem services. Because the reduction of these services can have very 
real environmental and social costs, they should be part of the EIA pro-
cess. Frameworks for incorporating ecosystem services in environmental 
impact assessment have been developed (Rajvanshi et al. 2010). The 
Council on Environmental Quality (CEQ) has developed recommended 
changes to the evaluation procedures for water resource projects in the 
United States, to explicitly consider the impacts to ecosystem service pro-
vision as part of the decision-making process (CEQ 2009). According to 
the CEQ: 

Consideration of ecosystem services can play a key 
role in evaluating water resource alternatives. Using 
the best available methods in the ecological, social, 
and behavioral sciences to develop an explicit list of 
the services derived from an ecosystem is the first step 
in ensuring appropriate recognition of the full range 
of potential impacts of a given alternative. This can 
help make the formulation and the analysis of alterna-
tives more transparent and accessible and can help in-
form decision makers of the full range of potential 
impacts stemming from different options before 
them. The second step is establishing the significance 
or value of changes in the quality or quantity of ser-
vices over time, with and without the effects of pro-
posed alternatives on ecosystem services (CEQ 2009, 
5). 
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A second implication of the increasing recognition of the link between bio-
diversity, ecosystem function, and ecosystem services can be found in the 
management of negative environmental impacts associated with develop-
ment projects. This is a logical follow-on to the incorporation of ecosystem 
services in EIA—the need to mitigate negative impacts that are identified. 
The incorporation of the impacts to ecosystem services on the front end 
(via the impact assessment process) implies avoidance, mitigation, and 
offset of these impacts. Existing legal requirements under the Clean Water 
Act (CWA) and the Endangered Species Act (ESA) are already focused on 
the recognition and mitigation of negative impacts to important natural 
resources, but the concept of ecosystem services will expand the range of 
impacts that should be incorporated and accounted for. The concept of bi-
odiversity offsets as an additional tool for reducing the negative impacts of 
development projects can also be justified through the use of ecosystem 
services.  

Communities use a variety of tools to offset negative impacts of develop-
ment, with infrastructure fees being one common approach. Using ecosys-
tem services as the performance metric — or the values that must be ac-
counted for if damaged — is not so far off for the “next step.” Washoe 
County in Nevada has instituted a “no net loss” of ecosystem services poli-
cy as part of the evaluation process for approval of new development. Us-
ing a participatory planning process, the community is identifying areas 
with high ecosystem service provision values (such as recreation) to help 
guide green space planning and acquisition. Development fees can then be 
used to mitigate impacts to ecosystem services while advancing the coun-
ty’s green space plan (Manson 2010).  

Natural Resource Damage Assessments (NRDA) are conducted after spills 
or releases of chemicals to determine the level of harm suffered by impact-
ed parties. “During the NRDA process, injuries (harm) to valuable ecologi-
cal resources and habitats, and the subsequent loss of the ecological or 
human services provided by them, are estimated and translated or scaled 
by the trustees into restoration projects” (Stahl et al. 2007, 7). As the valu-
ation and assessment tools become increasingly sophisticated, so will the 
estimates of damage associated with spills and releases under Comprehen-
sive Environmental Response, Compensation, and Liability Act (CERCLA 
or Superfund) and the Oil Pollution Act (OPA). The concept of ecosystem 
services is also being incorporated into Cost Benefit Analysis (Bolund and 
Hunhammer 1999) and Life Cycle Cost Assessment (Azapagic 2010). 
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4 Implications for the Department of 
Defense 

This review of literature about recent developments in ecosystem science 
and policy reveals three main areas that have implications for the DoD: (1) 
strategic planning in support of operations, (2) natural resource manage-
ment, and (3) compliance and markets. This section will review these are-
as and possible implications.  

Previous research also examined implications of the concept of ecosystem 
services for the DoD. The overlap between previous efforts and this work 
on current trends demonstrates the continued relevance of science and 
policy based on ecosystem services. Previous work includes the following:  

• A Foresight Report prepared for the AEPI examined the role that mar-
kets focused on ecosystem services could play in supporting sustaina-
bly goals of Army installations (Keysar and Eady 2006). 

• A white paper prepared by the US Army Corps of Engineers’ 
(USACE) ERDC-CERL on the importance of ecosystem services to 
the military identified four areas of relevance: sustained resource ca-
pability; natural and/or open spaces; regional ecosystem habitats and 
pathways; potential expansion or expanded use opportunities (Goran 
2006).  

• A Foresight Bulletin prepared by the AEPI reviewed implications of 
ecosystem service markets for the military (AEPI 2007).  

• A technical report prepared with ERDC-CERL examined the various 
ways the provision of ecosystem services is secured through market-
like mechanisms by using both existing and possible applications 
(Keysar and Goran 2008). 

• A workshop report prepared for SERDP presented areas of research 
needed to enable the DoD to utilize the concept of ecosystem services 
more effectively for biodiversity preservation and comprehensive land 
management (TNC 2008). This effort utilized input from subject mat-
ter experts and resulted in a new area of research for Environmental 
Security Technology Certification Program (ESTCP) expressed as: 
“Ecosystem Service Methodologies and Tools.” Research will be 
funded in this area for the first time in 2011. 

• A technical report prepared for the AEPI examined the relationship be-
tween environmental factors and state fragility indices (Alcorn et al. 
2010). This research highlighted the lack of information on the capaci-
ty of ecosystems to provide ecosystem services essential to human 
health and well-being.  
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Table 1 depicts the areas of ecosystem service science and policy identified 
through this report and the relationship of these areas to the three main 
areas of implications for the DoD. As seen in the table, there continues to 
be relevance as implications continue to be articulated beyond those relat-
ed to ecosystem service markets and natural resource management. This 
expanding scope can be attributed to increasing adoption of the concept of 
ecosystem services in research, planning, and policy arenas combined with 
changes in the operational paradigms within the DoD. Another influence is 
the increasing opportunities in ecosystem service markets that can im-
prove environmental compliance outcomes.  

Table 1. Emerging areas of ecosystem services science and policy. 

Area of Ecosystem Service 
Science and Policy 

Area of Implications  
for the DoD 

Previous Area Researched* 

Human health and well-being Strategic planning in support 
of operations State fragility indicators 

Natural resource 
conservation 

Natural resource 
management 

Sustained resource capability 

Regional ecosystem habitats 
and pathways 
 

Natural resource 
management 

Natural and/or open spaces 

Potential expansion or 
expanded use opportunities 
 

Environmental and ecological 
economics 

Markets and compliance 

Market-based approaches to 
provision of ecosystem 
services  

Market-based approaches to 
achieving sustainability 
objectives 

Environmental impact 
assessment and mitigation  

*Alcorn et al. 2010; Goran 2006; Keysar and Eady 2006; Keysar and Goran 2008; TNC 2008 
 

4.1 Strategic planning in support of contingency operations 

The first area of implications for the DoD of emerging ecosystem services 
science and policy is in strategic planning in support of contingency opera-
tions. US national security policy has historically been nation-state centric 
and focused on defending against and responding to external threats. The 
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events of September 11, 2001, and engagements since then have served to 
focus attention on the critical relevance of failed states, non-state actors, 
and their challenges to US national security interests. There has been a 
shift by US policymakers, thought leaders, and practitioners from a more 
“traditional” national security frame toward a more “human security” ap-
proach, apparent with the demands of counterinsurgency and stability, se-
curity, transition, and reconstruction (SSTR) operations (Kaldor and 
Beebe 2010). Environmental issues, including availability of ecosystem 
services, are increasingly being recognized as core supporting elements for 
the maintenance of state stability. Environmental issues play a critical role 
in human and societal welfare by providing the “foundation” for the most 
basic of physiological needs (e.g., water, food, shelter) (Alcorn et al. 2010). 
This national security and ecosystem service connection was also noted by 
the MA Board:  

Loss of natural services in poor regions affects people 
with far fewer alternatives to protect their livelihoods. 
This can also put high financial and political strains 
onto the international community, either through in-
creased disaster relief, the need to intervene in re-
gional conflicts, or the migration of refugees. (Watson 
and Zakri 2005, 20) 

Research on the relationship of ecosystem services to human well-being, 
along with spatial distribution of important ecological indicators, could 
enhance strategic planning and assessment of locations in the world where 
the DoD could become engaged. This is compatible with a “whole-of-
government approach” to security issues, as called for by the 2010 Quad-
rennial Defense Review (QDR) and the 2010 National Security Strategy. 

4.2 Natural resource management  

The second area of implications for the DoD of emerging ecosystem ser-
vices science and policy is in natural resource management. The DoD is 
highly dependent upon ecosystems to complete its mission. The benefits 
from healthy ecosystems that the DoD enjoys are almost entirely related to 
landscapes being available for training. DoD installations are found in a 
variety of ecosystem types such that realistic training environments are 
available for any possibilities that contingency forces may face around the 
globe. These ecosystems allow the military to simulate conditions from 
arctic (Fort Richardson in Alaska) to tropical (Fort Stewart in Georgia) to 
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desert (Twentynine Palms in California). The DoD has therefore estab-
lished successful range and training land management programs to protect 
the continual flow of ecosystem services from these landscapes. For in-
stance, vegetative cover is important to protect ranges from erosion. The 
Army’s Sustainable Range Program (SRP)6 with the Integrated Training 
Area Management (ITAM) and Range and Training Land Programs 
(RTLP) are examples of the cooperation between range managers and nat-
ural resource professionals at Army installations that are designed to 
maintain the flow of benefits from the land to those who train on it.  

The concept of natural infrastructure (NI) has emerged within the DoD to 
help account for and manage important natural assets. The Air Force and 
Army have incorporated this concept into asset accounting systems 
(Rawlins 2009; Waite 2009). The NI concept is focused on the status of 
important air, land, and water resources in support of mission accom-
plishment based on existing conditions. Implementation of the Army’s NI 
reporting system through the Installation Status Report (ISR) is still in the 
early stages. It is not yet clear if this reporting system will enable improved 
decision making or support regulatory compliance. Leadership has recog-
nized the importance of relating ecosystem attributes to achieving mission 
success, but there is still a need to understand the “opportunity” or “shad-
ow” costs associated with investments in natural resources. Existing tools 
are not yet capturing this information. Furthermore, the NI concept – 
while it overlaps with ecosystem services – is not the same. The use of this 
term is also very limited outside the DoD, and this will impact the DoD’s 
ability to communicate with outside stakeholders on these issues in the 
future, especially at the regional scale.  

The concept of ecosystem services is therefore not new for the land man-
agers within DoD, it is simply a new way of expressing what they already 
understand and appreciate. It would not appear, at first, that the concept 
of ecosystem services could enhance efforts that already exist to manage 
natural resources that support the DoD mission. There are advantages for 
adopting the concept, however. The first advantage is related to measure-
ment, valuation, and assessment tools that can enable improved compari-
son of alternative land management techniques on an installation. Multi-
ple research efforts are underway by federal agencies, academic 
institutions, and non-profits which are designed to understand and articu-
                                                                 
6 Details on the Army’s Sustainable Range Program can be found at: 
http://aec.army.mil/usaec/range/sustainment00.html 

http://aec.army.mil/usaec/range/sustainment00.html
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late the impact that land use decisions have on the flow of ecosystem ser-
vices. The inclusion of ecosystem services in the decision-making process 
can help ensure long-term sustainability of multiple benefits from ecosys-
tems. If these benefits are not articulated, they do not get considered in 
decisions. Figure 3 depicts the change in provision of ecosystem services 
(in this case, just four: climate regulation, water supply, erosion con-
trol/soil fertility and mission support) as land is more intensively used for 
training (from left to right in Figure 3). The possible end result is that the 
ranges are used so intensely that they are not capable of supporting the full 
range of mission needs. This graphic helps explain the land management 
trade-offs from inside the fenceline.  

 
Figure 3. Changes in ecosystem service provision with changes in land use. 

A second advantage is in improved understanding of the impacts of land-
use changes outside the fence. Military installations depend on ecosystem 
services that originate outside the fenceline – services the DoD does not 
control but nonetheless benefits from. Table 2 lists some of these in rela-
tion to various land uses and performance metrics. Existing encroachment 
management tools, such as the Army Compatible Use Buffer (ACUB) Pro-
gram, and compliance tools, such as wetland mitigation banking, could 
benefit from the inclusion of the ecosystem services perspective. The iden-
tification and valuation of various services in relation to land use can help 
set priorities for conservation easements. This information can also help 
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when mitigation is required for on-post impacts to regulated natural re-
sources. As the research conducted for this report demonstrates, the eco-
system services terminology is becoming more commonplace among non-
profits and regulatory agencies that impact land use near installations and 
are developing environmental markets. It will be advantageous for the 
DoD to adopt terminology that resonates with partners outside the fence.  

Table 2. Examples of ecosystem services relevant to the DoD from off-post land uses. 

Land Use Type Ecosystem Service Sustainability/Performance Metrics 

Residential Land for development of housing, retail, 
other support infrastructure 

Availability of housing  
Career opportunities for family 
members 

Commercial 

Industrial 

Farmland Noise buffering; safety zones; smoke 
buffering; wind energy; solar energy; 
carbon credits; compatible land use 

Mission-capable ranges 
Alternate energy sources Working Forests 

Natural Areas; 
Conservation Lands 

Noise buffering; safety zones; smoke 
buffering; mitigation offsets; critical 
habitat; wind energy; solar energy; carbon 
credits; compatible land use 
 
Potable water; wastewater and storm 
water treatment 
 
 
Air space, air quality; storm water runoff 
infiltration; erosion control; waste 
treatment 
 
Hunting, fishing, recreation (Morale, 
Welfare and Recreation – MWR) 

Mission-capable ranges 
Alternate energy sources 
Energy reliability and costs 
 
 
Water supply reliability and costs 
Water discharge capability 
Mission-capable ranges 
 
Environmental Compliance 
 
 
 
Quality of Life indicators 

 

4.3 Compliance and markets 

The final area of implications for the DoD are those related to regulatory 
compliance and emerging markets. It is unlikely that ecosystem services 
will be the subject of protection under federal legislation in the near fu-
ture. It is likely, however, that protection of an ecosystem service provision 
will be addressed by using it as a performance metric under existing au-
thorities. For example, guidance for granting permits under the CWA has 
recently expanded to require USACE to consider the impact to ecosystem 
services when determining appropriate mitigation (Ruhl 2010). Agencies 
have flexibility in implementing law and using ecosystem services as a per-
formance metric to determine compliance with the law is probable – even 
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if the law itself does not use the term. Ecosystem services protection may 
therefore find its way into several statutory requirements, for example:  

• under planning and priority setting tools, such as the National 
Environmental Policy Act (NEPA), natural resource manage-
ment plans within agencies (Sikes Act), and the Water Re-
sources Development Act;  

• under mitigation and reimbursement requirements, such as the 
CWA permitting process, Federal Regulatory Commission re-
licensing, and NRDA (already underway for the Gulf Coast oil 
spill); and 

• under grant and loan programs, such as revolving fund loans 
under the Safe Water Drinking Act and CWA, as well as the 
Conservation Reserve Program (CRP).7 

Corporations that are incorporating ecosystem services into decision-
making and accounting systems are doing so both to manage future risks 
and to take advantage of opportunities, as these services have values that 
can be captured in the marketplace (ENS 2011). On the regulatory side, 
corporations seek to manage risks related to “new fines, new user fees, 
government regulations, or lawsuits by local communities that lose ecosys-
tem services due to corporate activities” (WRI 2008b, 7). Likewise, there 
are opportunities to engage with governments “to develop policies and in-
centives to protect or restore ecosystem that provide services a company 
needs” (ibid). As noted by the World Resource Institute’s (WRI) recent 
work in “The Corporate Ecosystem Services Review”:  

Likewise, environmental management systems and 
environmental due diligence tools are often not fully 
attuned to the risks and opportunities arising from the 
degradation of ecosystems and the services they pro-
vide. For instance, many tools are more suited to han-
dle “traditional” issues of pollution and resources con-
sumption. Most focus on environmental impact, not 
dependence. Furthermore, they typically focus on 
risks, not business opportunities. Consequently, com-
panies may be caught unprepared or miss new sources 
of revenue associated with ecosystem change. (WRI 
2008b, 8) 

                                                                 
7 These observations are based on a briefing made by Lynn Scarlett at the 2010 ACES conference in 
Phoenix, Arizona, for which she did not use PowerPoint slides. 
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The DoD is similar to corporations in this regard – it needs to be ready for 
new regulations, but also remain ready to protect the ecosystems that pro-
vide it with services essential to mission accomplishment (refer back to 
Table 2). 
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5 Conclusion and Recommendations 

The purpose of this report was to summarize the latest literature on eco-
system services in science and policy, in order to describe ways in which 
emerging applications of this concept may impact military planning and 
policy. This review has shown a continued relevance of the term through 
its increasing adoption by many federal agencies, academic institutions, 
and non-profit organizations. The strength of the term is in its ability to 
connect diverse conversations in economics, conservation, natural re-
source management, and sociology. It supports achievement of sustaina-
bility goals by linking natural capital with financial capital and by reveal-
ing the value of ecosystem functions – values that are currently excluded 
from market transactions and other important decision-making processes. 
Although debate about specific definitions will continue, it does not appear 
the term will be replaced. 

The concept of ecosystem services can assist the military in making natural 
resources decisions today for improved outcomes in the long term. It is 
completely in line with sustainability goals and objectives, and with opera-
tions based on the principle of sustainability. The issue appears to be more 
about language than relevance, since recognition of the need to protect 
natural resources is already widely accepted within the DoD – an example 
is its use of the term “Natural Infrastructure.” The question remains if the 
vocabulary currently used by the DoD is helping decision makers address 
these needs and if it is critical for the DoD to be in alignment with other 
agencies and conservation partners. This report demonstrates many rea-
sons why the DoD should move forward in the adoption of this concept. 
These include the need for DoD: (1) to successfully engage with stakehold-
ers on conservation issues; (2) to utilize new tools and data sources in de-
cision making; and (3) to be prepared for new regulatory requirements. It 
is clear that other agencies are moving forward with the language and con-
cepts associated with ecosystem services, not only across the United States 
but also around the world. As noted by a DoD natural infrastructure sub-
ject matter expert, “DoD is late to the party.” 

Adopting the concept of ecosystem services will only serve to enhance the 
DoD’s ability to interact with external partners, improve decision-making 



ERDC/CERL CR-11-1 23 

 

processes, and comply with environmental regulations. It is therefore very 
timely to enhance the institutionalization of the concept, and this can be 
done through training and conferences for natural resource management 
professionals, environmental compliance professionals, those that plan for 
future DoD contingency operations, and the training community that 
seeks to ensure ongoing access to ranges and training lands.  

Based on the findings of this report, it is recommended that the DoD move 
forward with institutionalizing the concept of ecosystem services. Three 
methods for doing this are suggested: (1) additional research, (2) addition-
al engagement, and (3) additional training and outreach.  

5.1 Additional research 

5.1.1 Measurement and analytical tools 

The military services should continue to support research that seeks to 
quantify the provision of ecosystem services, the values association with 
these services, and management actions that can ensure provision of im-
portant services into the future. Initial funding by ESTCP in this area is 
important, as well as continued efforts through USACE. These efforts 
should be expanded and coordinated with other research performed by 
academic and nonprofit entities.  

5.1.2 Review of existing reporting and decision-making tools 

Good ideas in the DoD often get repeated, resulting in overlap and redun-
dancies. A thorough evaluation of existing reporting and decision-making 
tools related to ecosystem services is needed to ensure a renewed focus 
builds on these and does not confuse stakeholders. It would also help to 
learn from the knowledge gained from implementation of these existing 
tools. A policy and reporting system evaluation would include the Army’s 
ISR-NI reporting mechanism and the Air Force’s Natural Infrastructure 
Management (NIM) program, along with other tools used by the DoD to 
incorporate the status of natural assets in decision making. The research 
should seek to determine if the desired outcomes associated with ISR-NI 
and NIM have been achieved and if not, why not. The evaluation would 
provide recommendations for use of the data currently being collected for 
addressing risks associated with loss of ecosystem services as well as ways 
to shift the language to one based on ecosystem services. 
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5.1.3 Review of existing management practices 

The DoD adopted ecosystem-based management for natural resources as 
policy in 1996 and then updated that policy in 2011 (DoD Instruction 
4715.03). Case-study research completed in 2002 indicated that many 
challenges exist to implementing ecosystem-based management principles 
at DoD installations (Fittipaldi and Wuichet 2002). The primary tool for 
implementing ecosystem-based management is the Integrated Natural Re-
source Management Plan (INRMP). This report found the concept of eco-
system services is a further extension of the principles of ecosystem-based 
management. Therefore, it is relevant and timely to once again assess the 
status of ecosystem-based management in light of existing requirements 
and future needs. That evaluation would include an assessment of the pos-
sible contribution that the ecosystem services concept may have in en-
hancing the ongoing efforts of DoD land managers by incorporating the 
concept into a INRMP at an installation that is updating and revising its 
plan.  

5.1.4 Demonstration and validation 

There is a pressing need to demonstrate the applicability of the concept of 
ecosystem services in real-life management and decision making. This is 
not only a need for the military, but also a need for other government 
agencies such as EPA and USDA, and for non-profit advocacy organiza-
tions such as The Nature Conservancy. Current military installation man-
agement is focused on achieving a single goal at a time – such as ESA 
compliance, noise buffering, or water supply infrastructure. An ecosystem 
service framework can help decision makers apply a systems-based per-
spective. It can help link goals both internally and externally so that mutu-
al and overlapping objectives can be identified. This type of thinking is 
necessary to sustain the mission over the long term.  

In order to move in this direction, demonstration projects are needed. A 
demonstration site would involve developing a framework by which the 
concept of ecosystem services could be adopted in land management. It 
could focus on application of the concept to improve the process by which 
ACUB sites are selected. Or, it could be used to enable improved outcomes 
in wetland mitigation or to reduce internal encroachment pressures. The 
demonstration would involve adaptation of existing measurement and 
mapping tools, stakeholder engagement, and evaluation of outcomes. In-
stallation land managers need additional support to move themselves and 
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their regulators to a new way of thinking that goes beyond traditional 
stovepipes and includes a fuller range of relevant values.  

5.2 Additional engagement 

5.2.1 Federal partners 

The DoD should actively engage in ongoing conversations with other fed-
eral agencies about developing ecosystem services policy, conducting eco-
system services research, and creating ecosystem services markets. There 
are multiple ways to do this. One is to invite key individuals from these 
agencies in for meetings or briefings to share what their agencies are do-
ing. Another is to become an active member of the National Ecosystem 
Services Partnership (NESP). NESP is a forum for the sharing of ideas and 
lessons learned. It provides one existing avenue to engage with other fed-
eral agencies. Memorandums of Understanding (MOUs) can be developed 
and signed at the headquarters level to encourage local agency representa-
tives to implement innovative solutions.  

5.2.2 Local regulators 

Active engagement is also needed with the regulatory community. Regula-
tors need to be brought along with this new way of thinking. They need to 
appreciate this perspective and how it takes the DoD beyond regulatory 
compliance to preservation and restoration of important ecosystem func-
tions. Current regulatory enforcement is very focused on the natural re-
sources on-post, limiting innovative solutions that extend beyond the 
fenceline or even within an ecoregion. Pilot projects need to be initiated 
that involve regulators working toward an ecosystem services approach to 
compliance and resource management, both within and outside the mili-
tary fenceline. At the same time, headquarters-level personnel need also to 
be educated about new possibilities that will encourage the field to allow 
these approaches to be implemented. 

5.2.3 Corporate examples 

The DoD should continue to learn from the corporate world as additional 
companies are adopting proactive, ecosystem service-based approaches to 
asset management and regulatory compliance. Policy research reviewing 
these efforts and lessons learned is recommended for the DoD. Engaging 
speakers from corporate best practices also is a useful way to socialize the 
concept and its application.  
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5.3 Additional training and outreach 

5.3.1 Environmental and planning professionals 

Environmental professionals within the military that prepare NEPA as-
sessments, ESA management plans, INRMPs, and Master Plans for instal-
lations already have the institutional knowledge to appreciate what an eco-
system service is and why it is important to consider in decision making. 
Training modules are needed to socialize the language and concepts, along 
with possible applications to practice. With this awareness, environmental 
and planning professionals can begin to improve practice and to push for 
changes across the stovepipes that impact the achievement of the goals set 
forth in the planning process. The training will help these professionals 
find ways to integrate existing management tools into a more holistic ap-
proach instead of focusing on managing a specific species or land area. 
Conferences such as the Federal Planning Division’s annual workshop, the 
Sustaining Military Readiness Conference, and the Environment, Energy, 
and Sustainability Symposium are possibilities for such training. 

5.3.2 Training land management professionals 

Land management professionals within the military that prepare RTLPs, 
articulate ACUB priorities, and justify Air Installation Compatible Use 
Zones (AICUZ) will tend to be focused on a particular dimension. They 
should be looking across the dimensions – not just at the primary focus of 
noise, smoke, safety, endangered species, or wetland acres – but all of the-
se together. The concept of ecosystem services can help these land man-
agement professionals articulate the benefits obtained from ecosystems 
that support the mission in a systems-based perspective. Training modules 
are needed to socialize the language and concepts, along with possible ap-
plication to practice. With this awareness, land managers will be able to 
integrate existing management tools into a more holistic approach.  

5.3.3 Environmental security 

Professionals that work within the operational planning and forecasting 
community have an appreciation for the links between ecosystem health 
and human well-being. The establishment of the Army’s African Command 
(AFRICOM) is an expression of this awareness. Continued outreach to this 
community about the role that environmental considerations can play in 
their planning processes – to include the concept of ecosystem services – 
will enhance appreciation of this link and its impacts on the military mis-
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sion in the future. This should be done in coordination with other partners 
in the “whole-of-government” approach. 
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