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1 INTRODUCTION

The Environmental Protection Agency’s (EPA’S) mission is to protect human health and the
environment. During its history EPA has focused much of its decision-making expertise on the first
part of this mission, in particular the risks to human health from chemical stressors in the
environment. Although protecting human health is the bedrock of EPA’s traditional expertise, the
broad mission of the EPA goes beyond this. In fact, EPA’s Strategic Plan (U.S Environmental
Protection Agency 2006b) explicitly identifies the need to ensure “healthy communities and
ecosystems” as one of its five major goals. In addition, EPA's efforts in protecting ecological
resources--and its authority for doing so--have been documented in Agency publications and
independent historical sources (U.S. Environmental Protection Agency 1994;U.S. Environmental
Protection Agency Risk Assessment Forum 2003; U.S. Environmental Protection Agency Science
Advisory Board 2000; Hays 1989; Russell 111 1993).

EPA’s mission to protect the environment requires that the Agency understand and protect
ecological systems. “Ecosystem” is the term used by ecologists to describe the dynamic complex of
plant, animal, and microorganism communities and the non-living environment interacting as a
system. For example, a forest ecosystem is comprised of the trees in the forest plus the birds, insects,
soil microorganisms, and streams that inhabit or run through it. Ecosystems provide basic life
support for human and animal populations and are the source of spiritual, aesthetic, and other human
experiences that are valued in many ways by many people. There has been a growing recognition of
the numerous and varied services that ecosystems provide to human populations through a wide
range of ecological functions and processes (see, for example, Daily 1997). Ecosystems provide not
only goods and services directly consumed by society such as food, timber, and water, but also
services such as flood protection, disease regulation, pollination, and disease, pest, and climate
control. In addition, there is increasing recognition of the impact of human activities on ecosystems
(see, for example, Millennium Assessment). Examples of this impact include not only traditional air
and water pollution (such as sulfur dioxide emissions, ground-level ozone, and eutrophication), but
also land conversions that lead to deforestation or loss of wetlands and biodiversity; global warming;

changes in the nitrogen cycle; invasive species; and aquifer depletion.

Given the vital role that ecosystems play in our lives, changes in the state of these systems or

the flow of services they provide can have important implications. EPA actions (e.g., regulations,

6
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rules, programs, policy decisions) can be one source of these changes. Many EPA actions relating to
air quality, water quality, and land use affect the condition of the environment and the flow of
ecological services from it. These impacts can occur narrowly at a local scale or broadly at a

national scale.

Despite their importance, the ecological impacts of EPA actions have received relatively
limited consideration in EPA policy analyses. Rather, these analyses have tended to focus on a
relatively narrow set of ecological endpoints, such as those identified by tests required for pesticide
regulation (e.g., the effects on survival, growth, and reproduction of aquatic invertebrates, fish, birds,
mammals, and both terrestrial and aquatic plants) or mortality to fish, birds, plants, and, animals, as
required by provisions of several laws administered by the Agency* (U.S. Environmental Protection
Agency Risk Assessment Forum 2003). Given EPA’s responsibility to ensure healthy communities
and ecosystems the Agency must consider the full range of impacts that its actions will have not only
on human health but also on individual organisms and plant and animal populations, as well as on

the key structural and functional characteristics of communities and ecosystems.

To promote good decision making, policy makers also require information about how much
ecosystems contribute to society’s well-being. This need is increasingly recognized both within and
outside the Agency. The stated goal of EPA’s recently released Ecological Benefits Assessment
Strategic Plan (EBASP) is to “help improve Agency decisionmaking (sic) by enhancing EPA’s
ability to identify, quantify, and value the ecological benefits of existing and proposed policies” (p.
xv). In addition, information about the value of ecosystems and the associated impacts of EPA
actions can help inform the public about the need for ecosystem protection and the extent to which

specific policy alternatives address that need.

Despite EPA’s stated mission and mandates, a gap exists between the need for understanding
and protecting ecological systems and services and EPA’s ability to address this need. This report is
a step toward filling that gap. It describes how an integrated and expanded approach to ecological
valuation might help the Agency describe and measure the value of protecting ecological systems

and services, thus better meeting its overall mission.

This report was prepared by the Committee on Valuing the Protection of Ecological Systems
and Services (C-VPESS), which was formed by EPA’s Science Advisory Board (SAB) in 2003. The
SAB saw a need to complement the Agency's ongoing work by offering advice on how EPA might

better value the protection of ecological systems and services and how that information could
7
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support decision making to protect ecological resources. Toward this end, it formed C-VPESS, a
group of experts from the disciplines of decision science, ecology, economics, engineering,
philosophy, and psychology, with an emphasis on ecosystem protection. The committee’s charge
was to undertake a project designed to improve the Agency’s ability to value ecological systems and
services.* The SAB set the following goals for this project: a) assessing Agency needs for valuation
to support decision making; b) assessing the state of the art and science of valuing protection of
ecological systems and services, and c) identifying key areas for improving knowledge,
methodologies, practice, and research at EPA.

This report provides advice for strengthening the Agency's approaches for valuing the
protection of ecological systems and services, facilitating the use of these approaches by decision
makers, and identifying the key research areas needed to bolster the science underlying ecological
valuation.* It identifies the need for an expanded and integrated approach for valuing EPA's efforts
to protect ecological systems and services. It provides advice to the Administrator, EPA managers,
EPA scientists and analysts, and EPA staff across the Agency concerned with ecological protection.
It adopts a broad view of EPA's work, which it understands to encompass national rule making,
regional decision making, and programs in general that protect ecological systems and services. It

recommends that EPA expand its current approach in important ways.

This report appears at a time of lively interest internationally, nationally, and within EPA in
the issue of valuing the protection of ecological systems and services. Since the establishment of the
SAB C-VPESS, a number of major reports have focused on ways to improve the characterization of
the important role of ecological resources (Millennium Ecosystem Assessment Board 2003; Silva
and Pagiola 2003; National Research Council 2004; Pagiola, von Ritter et al. 2004; Millennium
Ecosystem Assessment 2005). In addition, the Agency itself has engaged in efforts to improve
ecological valuation. The most recent product of these efforts is the EBASP report noted above
(U.S. Environmental Protection Agency 2006a). This report examines EPA efforts to improve
ecological valuation, which have been geared toward the use of economic valuation in benefit-cost
analysis. EPA also has sought to strengthen the science supporting ecological valuation through the
extramural Science to Achieve Results (STAR) grants program. STAR grants involving ecological

valuation have primarily applied economic valuation methods to various ecosystem services.

The committee has both learned from and built upon these recent efforts. The C-VPESS
distinguishes its work from the earlier efforts, however, in several key ways. First, the C-VPESS
8
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considers EPA the principal audience for its work. In particular, it analyzes ways in which EPA can
value its own contributions to the protection of ecological systems and services, so that the Agency
can make better decisions in its eco-protection programs. Many of the recent studies (for example,
the Millennium Assessment and NRC report) do not consider the specific policy contexts or
constraints faced by EPA. Second, most previous work has concentrated on economic valuation as
the primary valuation method. C-VPESS, by contrast, is inter-disciplinary and does not focus solely
on economic methods or values. The committee will offer advice on several approaches to
characterizing or estimating values and in each case will emphasize issues relevant to EPA policy

and decision-making.

The report is structured as follows. Chapter 2 provides an overview of the conceptual
framework and general approach advocated by the committee. It discusses fundamental concepts as
well as the current state of ecological valuation at EPA. Most importantly, it identifies the need for
an expanded and integrated approach to ecological valuation at EPA and describes the key features
of this approach. Subsequent chapters develop the basic principles outlined in Chapter 2 in more
detail, with a focus on implementation. Chapter 3 discusses the part of the implementation process
related to prediction of changes in ecological systems and services that stem from EPA actions or
decisions. Chapter 4 then discusses a variety of methods for valuing these changes. Cross-cutting
issues relating to uncertainty and communication are discussed in Chapter 5 Recognizing that
implementation of the process may vary depending on the decision context, Chapter 60of the report
discusses implementation in three specific contexts where ecological valuation could play an
important role in EPA analysis: national rulemaking, site-specific decisions (regarding, for example,
cleanup and restoration), and regional partnerships. Finally, Chapter 7provides a summary of the

report’s major conclusions and recommendations..
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2 CONCEPTUAL FRAMEWORK

2.1.  An Overview of Key Concepts

2.1.1. The Concept of Ecosystem Services
As noted above, the term ecosystem describes a dynamic complex of plant, animal, and

microorganism communities and the non-living environment, interacting as a system.
Ecosystems encompass all organisms within a prescribed area including humans, who are often
the dominant organism. Ecosystem functions or processes are the characteristic physical,
chemical, and biological activities that influence the flows, storage, and transformation of
materials and energy within and through ecosystems. These activities include processes that link
organisms with their physical environment (e.g., primary productivity and the cycling of
nutrients and water) and processes that link organisms with each other, indirectly influencing
flows of energy, water and nutrients (e.g., pollination, predation and parasitism). These
processes in total describe the functioning of ecosystems.

Ecosystem services are the direct or indirect contributions that ecosystems make to the
well-being of human populations. Ecosystem processes and functions contribute to the provision
of ecosystem services; however, they are not synonymous with ecosystem services. Ecosystem
processes and functions describe biophysical relationships and exist whether or not humans
benefit from them. These relationships only generate ecosystem services, though, if they
contribute to human well-being. Thus, ecosystem services cannot be defined independently of
human values.

The following categorization of ecosystem services has been used by the Millennium

Ecosystem Assessment:

a) Provisioning services - services from products obtained from ecosystems. These
products include food, fuel, fiber, biochemicals, genetic resources, and fresh
water. Many, but not all, of these services are traded in markets.

b) Regulating services - services received from regulation of ecosystem processes.
This category includes services that improve human well-being by regulating the
environment in which people live. These services include flood protection, human

disease regulation, water purification, air quality maintenance, pollination, pest
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control, and climate control. These services are generally not marketed but many
have clear value to society.

C) Cultural services — services that contribute to the cultural, spiritual, and aesthetic
dimensions of people’s well-being. They also contribute to establishing a sense
of place.

d) Supporting services - services that maintain basic ecosystem processes and
functions such as soil formation, primary productivity, biogeochemistry, and
provisioning of habitat. These services affect human well-being indirectly by
maintaining processes necessary for provisioning, regulating, and cultural
services.

This categorization suggests a very broad definition of services, limited only by the
requirement of a contribution (direct or indirect) to human well-being. This broad approach
reflects the recognition of the myriad ways in which ecosystems support human life and
contribute to human well-being. Alternatively, Boyd and Banzhaf (2006) propose a definition
that focuses on services as “end products of nature”, i.e., “components of nature, directly
enjoyed, consumed or used to yield human well-being” [emphasis added]. They stress the need
to distinguish between intermediate products and final (or end) products and include only final
outputs in the definition of services, since these are what affect people most directly and are
consequently what they are most likely to understand. Under this definition, ecosystem
functions and processes, such as nutrient recycling, are not considered services; while they
contribute to the production of ecological end products or outputs, they are not outputs
themselves.® Principles for defining ecosystem services are discussed in more detail in Chapter 3
of this report.

Regardless of the specific definition used, the general concept of ecosystem services
plays a key role in evaluating policies related to ecological protection. Even without any
subsequent valuation, explicitly listing the services derived from an ecosystem - and using the
best available methods in the ecological, social, and behavioral sciences to develop that list - can
help to ensure appropriate recognition of the full range of potential impacts of a given policy
option. This can help make the analysis of ecological systems more transparent and accessible
and can help inform decision makers of the full range of potential impacts stemming from
different options before them.

11
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The concept of ecosystem services provides an approach to evaluating the many ways in
which ecological systems, and changes to those systems induced by human actions, affect human
well-being. Ecosystems, however, can also be valued for reasons that are independent of effects
on human well-being. As discussed in the following section, the committee recognizes that
ecosystems can be important not only because of the services they provide to humans directly or
indirectly, but also for other reasons including respect for nature based on moral, religious, or

spiritual beliefs and commitments.

2.1.2. The Concepts of Value
The committee recognizes that there are many sources or types of value that are relevant

when valuing the protection of ecosystems and their services. In considering concepts of value,
a fundamental distinction can be made between those things that we value as ends or goals and
those things that we value only as means. To value something as a means is to value it for its
usefulness in helping to bring about an end or goal that is valued in its own right. Things or
actions valued for their usefulness as means in this sense are said to have instrumental value.
Alternatively, something can be valued for its own sake as an independent end or goal. While a
possible goal is “maximizing human well-being,” one could envision a range of other possible

social goals or ends including “protecting biodiversity,” “sustainability,” or “protecting the
health of children.” Things valued as ends are sometimes said to have “intrinsic value.” This
term has been used extensively in the philosophical literature but there is not general agreement
on its exact definition.®

The distinction between ends and means plays an important role when thinking about
valuing ecological systems and services. People have material, moral, religious, aesthetic, and
other interests, all of which can affect their thoughts, attitudes, and actions toward nature in
general and, more specifically, toward ecosystems and the services they provide. Thus, when
people talk about environmental values, the value of nature, or the values of ecological systems
and services, they may have different things in mind (e.g., ends vs. means). For example, some
people claim that the very existence of a species or ecological system has value in itself in
addition to any instrumental value derived from the usefulness of the services it provides. This
claim can be interpreted in different ways. It could mean that the existence of a species or an
ecological system is valuable because people derive satisfaction from its existence, independent

of specific uses they may make of its services. Economists would interpret this type of value as
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“existence value”, which is a form of instrumental value since it is based on the premise that the
existence of the species or ecological system is one of many things that contribute to human
well-being. Alternatively, the claim could be interpreted to mean that an ecological system is
valuable as an end or goal for its own sake, implying that the reasons for this claim are
independent of the contribution that the existence of the ecological system can make to human
well-being. This interpretation of the claim is consistent with values in which the existence or
well-being of other species or the state of ecosystems can be ends in themselves.

The committee recognizes that ecosystems can be valued both as independent ends or
goals and as instrumental means to other ends or goals. To reflect this recognition, throughout
this report, the term value is broadly used. It includes values that stem from contributions to
human well-being as well as values that reflect other considerations, such as social and civil
norms (including rights), and moral, religious, and spiritual beliefs and commitments.

Recognizing that values can be instrumental or intrinsic, this report next turns to how
those values can be defined. A key implication of instrumental values is substitutability.
Substitutability means that more of one thing can be traded off against less of something else as
long as both contribute to achieving the same goal. Assuming there is more than one thing that
contributes to the achievement of a goal and that alternative means are substitutable, the
instrumental value of something can be defined as the amount of something else that would
make an equivalent contribution to the goal and could replace the thing in question if it were to
be lost. For an example taken from economic valuation methods, if the end goal is the
maximization of human well-being and both the existence of a species and money contribute to
that goal, then the value of the species can be defined as the amount of money that would be
needed to offset the loss in human well-being that would result from loss of the species.
Likewise, if the end goal is the provision of clean water to a given community and this goal can
be achieved through either watershed protection or the construction of a water purification plant,
then given that the clean water from either source is accepted as equivalent the value of
watershed protection can be defined as the cost savings from not having to build the purification

plant.

While the definition of instrumental value is clear, it is less clear how to define, measure,
and ultimately quantify intrinsic value. When something is an end in itself, its value cannot be
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determined in terms of trade-offs since there are no substitutes for something that is an end in
itself. For example, if ecosystems are viewed as ends in themselves or are valued for other than
human utilitarian purposes (e.g., out of respect for, or acceptance of, ethical obligations toward
nature), then a water purification plant cannot be substituted for watershed protection. Defining
the value of items as their contribution toward achieving a goal (Costanza 2000) requires that the
identification of the goal be separate from the item or good being valued (i.e., separate from the
means for attaining the goal). With intrinsic values, this is not possible since the good being
valued and the goal are not separate. In this sense, intrinsic values cannot be quantified or
measured. Nonetheless, as envisioned by the committee in this report, identifying and providing
information about intrinsic goals relating to ecosystem protection, including measures of how
strongly people care about them (perhaps relative to other goals), is an important component of
the assessment of ecosystem values and a legitimate consideration for Agency decision making.

This raises the question of how these intrinsic values can be compared to instrumental
values when tradeoffs are, in fact, required. In other words, how does society balance these
intrinsic values - moral, aesthetic, religious or spiritual goals - with its interests in instrumental
contributions to human well-being, both as individuals and as a society? This cannot be done by
a direct comparison of the associated values. Rather, if trade-offs are required, society must
engage in political and deliberative discussion of alternative goals and visions for the future in
order to balance intrinsic and instrumental values. This discussion should be an ongoing and
vital part of any democratic society.

Although the concepts of instrumental and intrinsic value provide a broad categorization
of values, other distinctions between different types or concepts of value can also be made and
are important for understanding the values associated with ecological systems and services. For
example, values can be classified as either anthropocentric values or nonanthropocentric values.
Anthropocentric values are based on the contributions that ecological systems and services make
to human well-being. Nonanthropocentric values are based on a variety of ethical and
philosophical perspectives. This category includes biocentric and eco-centric values, which are
based on an evaluation of ecological changes and their effects on ecosystems or nonhuman
species, and values stemming from theories of value that are not based directly on human well-
being. Note that the anthropocentric values derived from contributions of ecosystem services to
human well-being are often referred to as the "benefits” from ecosystem services (see
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Millennium Assessment). The term benefits, however, has a very precise meaning in the context
of EPA regulatory impact analyses conducted under OMB guidance (see further discussion that
follows). In that context, benefits are defined by the economic concept of willingness to pay for
a good or service or willingness to accept compensation for it. Thus, the term “benefits” means
different things in different contexts. For this reason, throughout this report the committee refers
to the broader concept of anthropocentric values as contributions to human welfare, and uses the
term “benefits” only when there is no potential for confusion about what it includes.

In addition to the distinction between anthropocentric and non-anthropocentric values,
values can also be distinguished by whether they are preference-based or bio-physical. Values
based directly on human preferences can be either instrumental or intrinsic values and can be
either anthropocentric or non-anthropocentric. In contrast, bio-physical values do not directly
reflect human preferences. However, they can still be either implicitly anthropocentric or non-
anthropocentric. They are non-anthropocentric when they reflect intrinsic values unrelated to
human well-being; and they are implicitly anthropocentric when they reflect a prior decision or
commitment to a bio-physical goal that is deemed to be important for human welfare. For
example, values based on contributions to a goal of preserving biodiversity can reflect either a
belief that biodiversity preservation has intrinsic value (a non-anthropocentric approach), or a
prior commitment to preserving biodiversity because of its importance for human welfare (an
implicitly anthropocentric approach). In either case, the value of an ecosystem change is
defined in terms of its contribution to the goal of preserving bio-diversity, which does not require
direct information about people’s preferences for that particular change. Similarly, if society has
identified a goal of ensuring clean water to a community (an anthropocentric goal), then the
contribution of watershed protection to that goal can be valued without direct information about
human preferences.

The discussion above highlights the fact that there are many concepts of value and
alternative ways to categorize them. Table 1 lists the various concepts of value that the
committee has considered in its deliberations, categorized as preference-based versus bio-
physical. While this is not the only way to categorize values, it is one that has proven useful for
the committee. What follows is a brief description of the major features of each of these
concepts of value. Note that these value concepts are not mutually exclusive. For example,
values expressing attitudes or judgments can be based on the same self-interested utilitarian
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goals as those underlying the concept of economic values, or on the considerations that underlie
social/civic values. Likewise, preferences that are constructed can relate to self-interested

attitudes or judgments as well as expressed social/civic values.

Table 1: A Classification of Concepts of Value as Applied to Ecological Systems and Their Services

Preference-based Values:

A. Economic Values
B. Constructed Preferences
C. Community-based or Social/Civic Values

D. Attitudes or Judgments

Bio-physical Values

A. Bio-ecological Values

B. Energy-based Values:

Economic values are based on individuals’ preferences and assume that individuals are
self-interested and that they should be allowed to value goods and services based on their
judgment of the contribution those goods and services make to their own well-being or utility
(the concept of consumer sovereignty, Freeman, 2003). People are assumed to be rational actors
and have well-defined and stable preferences over alternative outcomes. In addition, the choice
of one outcome over another is assumed to imply that the chosen outcome was judged to result in
a higher level of well-being for the individual, consistent with the principle of consumer
sovereignty. Economic values can include both use and nonuse values. They are based on a
coherent theory of welfare economics and identify the tradeoffs that individuals are willing to
make, given their income and the prices they face. They are normally expressed in monetary
units and allow a comparison of the values of ecosystem services with the values of other
services produced through environmental policy changes (for example, effects on human health)
and with the costs of those policies.

In contrast to the assumption underlying economic values, some researchers have argued

that, particularly when confronted with unfamiliar choice problems, individuals do not have
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well-formed preferences and hence values, implying that simple statements of preferences or
willingness to pay are unreliable (Gregory and Slovic, 1997; Lichtenstein and Slovic, 2006).
These authors have advocated using a structured or deliberative process as a way of assisting
respondents in learning about the ecological services to be valued and in constructing their
preferences and values. This report refers to values arrived at by these processes as constructed
values. The difference between economic values and constructed values can be likened to the
difference between the work of an archeologist and that of an architect. Economic methods
assume preferences exist and simply need to be “discovered” (implying the analyst works as a
type of archeologist), while deliberative methods assume that preferences need to be built
through the valuation process (similar to the work of an architect). As a result, the values
expressed by individuals (or groups) engaged in this process are expected to be influenced by the
process itself. Constructed values can include both individual values (reflecting self-interest)
and community or social/civic values.

Community-based or social/civic values are based on the assumption that, when placed in
a position of making choices about public goods (goods that when made available to one person
are available to all), individuals make their choices based on what they think is good for society
as a whole rather than what is good for them as individuals. In other words, people base their
choices on their conception of social preferences or community-based preferences rather than
their own self-interest. In this case, individuals could place a positive value on a change that
would reduce their own individual well-being (see, for example, Jacobs 1997, Costanza and
Folke 1997, or Sagoff 1998).

Attitude or judgment-based values are based on empirically derived descriptive theories
of human attitudes, preferences, and behavior. In contrast to economic values, preferences are
not expressed in terms of willingness-to-pay (or accept) and they are not typically constrained by
income or prices, especially those that are outside the context of the specified assessment
process. Rather, the values are derived from individuals’ judgments of relative importance,
acceptability, or preferences across the array of changes in ecosystems or services presented in
the assessment. Preferences and judgments are often expressed through responses to surveys
(e.g., choices, ratings or other indicators of importance). The basis for judgments may be
individual self-interests, community well-being, or accepted civic, ethical, or moral obligations

relevant to ecosystems and ecosystem services. Moreover, emotions and intuitions are accepted
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as having equal and often greater influence on value-relevant judgments and preferences than
rational processes.

All of the above concepts of value are based directly on human preferences.
Alternatively, bio-ecological values are defined in a way that does not depend directly on human
preferences; rather, they reflect the contribution of a change to a pre-specified ecological or
conservation goal (e.g., species or biodiversity preservation). As noted above, this goal can
reflect intrinsic values (e.g., a biocentric or ecocentric view) or an underlying assumption or
prior decision based on instrumental value (i.e., a belief that biodiversity is important for human
well-being). Bioecological values are based on known or assumed relationships between
targeted ecosystem conditions (e.g., biodiversity, biomass, energy transfer, and transformation)
and ecosystem functions. For example, the value of changes in biodiversity could be defined in
several different ways, including individual measures such as genetic distance or species
richness, as well as more comprehensive measures that reflect multiple ecological
considerations. What levels of bioecological measures are deemed better or worse in a given
policy context may be determined solely on biological grounds (a biocentric approach) or on the
basis of determined (or presumed) relationships to things people value.

Energy-based values, which reflect an energy theory of value, are based on the impact of
an ecological change on energy or materials flows into and out of ecological systems. They are
defined as the free energy (or “exergy”) required directly and indirectly to produce a good or
service. While these values reflect human preferences indirectly, they were designed to provide
an alternative way to define value independently of human preferences.

As noted above, the committee considered all of these various types of value in its
deliberations. The committee’s recommendations throughout this report reflect a recognition
that not only different individuals, but also different disciplines (e.g., decision science, ecology,
economics, philosophy, psychology), think of the concept of value in different ways. The
committee believes that recognizing this is an important first step in valuing the protection of

ecological systems and services.

2.1.3. The Concept of Valuation and Different VValuation Methods
The term “valuation” generally refers to the process of measuring either the value, or

change in value, of an ecosystem, its components, or the services it provides. The committee

believes that valuation should seek to characterize or measure the values actually generated by
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ecological systems, regardless of how well those values are currently perceived by the general
population. This is a broader conception of valuation than one often used in practice, where
assessments tend to focus on values currently perceived, and expressed by individuals in the
general population. As discussed below, in some cases, an ecological change may have
important implications that are not widely recognized or understood by the general public. For
example, Weslawski, et al. (2004) indicated that the invertebrate fauna found in soils and
sediments are important in remineralization, waste treatment, biological control, gas and climate
regulation, and erosion and sedimentation control. Yet, their analysis showed that the general
public had no understanding or appreciation of these services. They do have an appreciation of
the higher level services or end-point services, such a clean water and aesthetics, and, of course,
foods that could be derived from the system.

Regardless of the level of public understanding, valuation should seek to measure the
value of the actual impact rather than simply the perceived impact. Thus, valuation can be
viewed as providing a comparison of the predicted outcomes, based on the best available science,
under two alternative scenarios: having a specific, proposed policy in place or maintaining the
baseline or status quo. In valuing a change in ecosystem services, both the baseline before the
policy change and the alternative world with the policy change must be specified. Similarly,
when measuring the value of an ecosystem itself (rather than a change in that ecosystem), the
baseline is the world without that ecosystem, a world which might be difficult to describe in any
meaningful way. It is important to note, however, that although valuation should be informed by
the best available science, it ultimately seeks to reflect the values that would be held by a fully-
informed general public, not merely the personal values or preferences of scientists. Basing
valuation on the personal preferences of scientists rather than the general public would
undermine the usual presumption that, in a democratic society, the values held individually and
collectively within that society should be considered in public policy decisions, and that public
involvement is central to democratic governance (e.g., Berelson, 1952).

Just as there are many types of values, there are a number of valuation methods that can
be used for estimating or measuring values from ecosystems or services. Some of these methods
are well developed while others are in need of further development and testing in the context of
valuing the protection of ecosystems and services. Specific methods are discussed in detail in
Chapter 4 and Appendix B of this report. A key tenet of valuation as defined in this report is the

19



© 00 N o O B~ W N e

W W N DN DD DD DD DN DD PR R R R R R
O © 00 N OO 0o B WO N P O ©W 0o N OO o b W N +— O

Extract from September 21, 2007 working draft of C-VPESS Report

need to explicitly identify the type(s) of value to be measured and the appropriate method(s) for
measuring those values. Methods differ on a number of dimensions, including the type(s) of
value they attempt to measure (and hence their theoretical foundations and assumptions), the
type(s) of metrics or outputs produced and whether they produce single or multiple metrics.
These differences need to be explicitly recognized and considered as part of the valuation
process.

As noted, different valuation methods express values in different ways, including
monetary units, biophysical units, or indices. Economic valuation methods typically use metrics
expressed in monetary units. Other social scientists and ecologists have developed measures or
indices expressed in a variety of non-monetary units such as relative preference or importance
ratings by samples of the general public or stakeholders, or biophysical indices calculated
through expert analyses. When these measures or indices are used to make judgments about
which outcomes are preferred, these measures are considered a form of non-monetary valuation.
For example, bioecological valuation methods might be used to value alternative landscape
management plans in terms of how well they do in conserving biodiversity, where landscape
management alternatives that conserve more biodiversity are considered to be more valuable.

When multiple methods are used to capture different sources of value, the question of
aggregation across methods arises. It is clear that values cannot be aggregated across methods
that yield value estimates in different units. However, even when units are comparable (e.g.,
both methods yield monetary estimates of value), aggregation across methods may not be
appropriate. Because of their different assumptions, the different methods can measure quite
different things and yield values that are conceptually different and hence not comparable. As a
result, simple aggregation across methods is generally not scientifically justified. For example, it
would be conceptually inconsistent to add monetary value estimates obtained from an economic
method and monetary estimates obtained from a citizen jury (or, alternatively, a deliberative
process in which preferences are constructed) since the two are not based on the same underlying
premises. Nonetheless, information about both estimates of value may be of interest to policy
makers and play a key role in policy decisions. In such cases, EPA should report value estimates
separately rather than seeking to aggregate across methods.

Aggregation issues also arise when considering alternative valuation methods. Some

methods involve aggregation across components of value and yield a single metric of the value
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of a particular ecosystem or ecological change, while others yield multiple metrics of value.
Valuation methods that seek to aggregate all components of value into a single metric, such as a
formal economic willingness-to-pay or willingness—to-accept analysis, must weight various
sources of value as part of the valuation process and report estimated aggregate values that
reflect these weights. In contrast, other methods do not seek to aggregate sources of value as part
of the assessment. Rather, they report the information about the various value dimensions
separately and allow decision makers to weigh these components more or less formally in the
process of coming to a decision. Methods that produce a single metric are not necessarily
preferred to those that do not. Which approach is more appropriate or useful will in general
depend on the decision context. For example, if the context requires a ranking or choice based
on a single criterion (e.g., net economic analysis of benefits and costs), then a valuation approach
that yields a single metric will be needed. In contrast, in a decision context where multiple
values are involved (e.g., human health, threatened species, aesthetics, social equity, and other
civil obligations) and decision makers themselves are charged with appropriately weighing and
balancing competing interests and resolving trade-offs, a multi-attribute approach will be
preferred. Depending upon the context, this weighing and balancing might be done through
political discourse or through a deliberative, decision-aiding process (see, for example, Clemen
1996; Arvai, Gregory, and McDaniels 2001; Arvai and Gregory 2003). It is important to note,
however, that in either case a decision ultimately requires, explicitly or implicitly, weighing and
making trade-offs among the multiple values. What varies among valuation approaches is where
in the decision making process the weighing of values is done and by whom.

Finally, some valuation methods, such as economic methods and socio-psychological
methods based on surveys, assume that (1) individuals know and can consistently express their
preferences, and (2) individuals are well informed about alternatives, at least those they face in
the assessment, and are aware of the potential consequences of the choices they make. These
assumptions can be problematic when it comes to applying these valuation methods to
ecosystems or services. First, for complex issues such as ecosystem protection, individuals are
not likely to be aware of or fully appreciate all of the ecosystem’s contributions. For example,
although individuals might understand the recreational contributions to human well-being
associated with a given EPA action to limit nutrient pollution in streams and lakes, they might
not recognize or fully appreciate the associated nutrient cycling or water quality implications.

21



© 00 N o o1 B~ W N e

W W N DN DD DN DD DN DN PR R R R R R
O © 00 N OO 0o B WO N P O ©W 00 N OO0 O b W N +— O

Extract from September 21, 2007 working draft of C-VPESS Report

As a result, the policy preferences or values they express through survey methods or through
their behavior will reflect that incomplete information. For example, individuals might respond
to a survey or behave as if they place no value on an ecosystem service if they are ignorant of the
role of that service in contributing to their well-being or other goals.

Second, as noted above, when people have limited information about and little experience
with an ecosystem or service, their preferences may not be well-formed and may be subject to
intentional or unintentional manipulation or bias through (e.g., as by changes in wording or
framing in surveys or by labeling or placement of items in retail stores. The extent to which this
IS true is the subject of debate, and most likely varies with the context. (See a more detailed
discussion in Appendix B.) If preferences and values regarding ecological systems and services
are not well-formed, then they cannot be accurately measured or characterized by valuation
methods that assume well-formed preferences. For example, individuals can have strongly held
values that they find difficult, impossible or inappropriate to express in terms of monetary units.
If this is so, requiring individuals to express such values in monetary equivalents (as is typical in
economic valuation) may compel them to assume an individual consumer perspective that is
unfamiliar or even offensive in that context. When preferences are not well-formed, survey-
based methods, whether using willingness-to-pay or attitude ratings, may force the respondent to
construct their preferences from more basic values in the context of the valuation itself,
jeopardizing the validity of the values derived from those responses. Alternatively, and in many
cases preferably, the construction of people’s preferences can be made explicit and facilitated
through use of a valuation method based on discourse and deliberation.

When considering alternative methods, policy makers should look for which of these
methods, or what combinations, might give the best assessment of the values of ecosystems and
services in particular policy contexts. In circumstances in which the individuals involved can be
expected to be well informed and to have well-formed preferences for the policy options and
outcomes in question, decision makers should put more weight on the stated and revealed
preferences of stakeholders and the public as measured by appropriate economic and social-
psychological methods. In circumstances in which individuals are likely to be ill-informed or to
have ill-formed preferences, policy makers should seek to ensure that individuals expressing
values have a sufficient understanding of the likely biophysical impacts of alternative policy
options and their implications for ecosystems and the services they provide. For example, in
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specific policy contexts, using deliberative methods such as mediated modeling (see Appendix
B) as part of the valuation process can help stakeholders better understand the ecological effects
of alternative choices. More generally, public agencies have an obligation to aggressively pursue
public education and involvement when a gap exists between public knowledge (and hence

expressed preferences) and scientific understanding.

2.2.  Ecological Valuation at EPA
As noted in the introduction, in contrast to previous studies, this report is focused

specifically on ecological valuation within EPA. This necessitates consideration of some issues
that might not be considered in more general discussions of ecological valuation. The committee
recognizes that EPA operates in a variety of different decision contexts where valuation might be
useful. While much of the interest in ecological valuation at EPA has focused on valuation
needs in the context of national rule making, valuation can also be useful in other decision
contexts as well. The need for valuation arises in different parts of the Agency for different
purposes and for different audiences. Some of the needs present structured requirements for
valuing protection of ecological systems and services, while needs in other contexts are less
prescriptive. In addition, EPA faces institutional constraints that both influence and limit how it
typically conducts valuation. This section first describes the committee’s understanding of the
Agency’s needs and constraints related to ecological valuation. It then discusses the committee’s
view of how ecological valuation is typically done at EPA, using an illustrative example. The
committee’s observations from this section form the basis of its recommendations regarding use

of an expanded and integrated approach to valuation discussed in sections 4 and 5 of this chapter.

2.2.1. Policy Contexts at EPA Where Ecological Valuation Can be Important
As noted, much of the interest in ecological valuation at EPA stems from the need to

better represent the ecological benefits of EPA actions in analyses related to national rule
makings. Two of EPA's governing statutes (the Toxic Substances Control Act and the Federal
Insecticide, Fungicide and Rodenticide Act) require economic assessments for national rule
making. In addition, Executive Orders 12866 and 13422 have similar requirements for
"significant regulatory actions.” A circular on "Regulatory Analysis" issued by the Office of
Management and Budget (OMB) in September 2003, OMB Circular A-4, identified key elements

of a regulatory analysis for "economically significant rules."” . In developing the EBASP, EPA
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identified the need for improved models and methods to help implement the requirements of this
circular and provide better information on ecological effects that are currently not quantified or
monetized.

Valuation can also be useful to EPA in a second decision context, decision-making for
the remediation, restoration and redevelopment of contaminated sites. Decisions at clean-up
sites, whether they involve the hazardous waste sites listed on the Superfund National Priority
List that are eligible for federal cleanup funds under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) or other clean-up sites (e.g., sites that are
the focus of EPA’s Brownfields Economic Redevelopment Initiative, Federal Facilities
Restoration and Reuse Program, Underground Storage Tank Program, and Research
Conservation and Recovery Act), could be enhanced by ecological valuation that could
demonstrate the potential impact of ecological services obtained from site redevelopment.

A third decision context for valuation relates to EPA's regional office partnerships with
other governments and organizations where the contributions of ecological protection to human
welfare are potentially important. In this context, regional offices may find valuation useful in
priority setting, such as targeting projects for wetland restoration and enhancement or identifying
critical ecosystems or ecological resources for attention. Regional partnership efforts may also
involve assisting state and local governments, other federal agencies, and non-governmental
organizations with protecting lands and land uses. In these contexts, assessment of the value of
ecological protection options could aid in the decision making process and help partners
communicate the value of the option chosen.

Although many of the issues and recommendations throughout this report apply across
decision contexts, the committee recognizes that specific valuation needs and opportunities vary
across these contexts. For this reason, Chapter 6 of this report is devoted to detailed discussions
of the implementation of the report’s general recommendations in these three specific decision
contexts: national rule making, site-specific restoration or redevelopment, and regional
partnerships. While the report discusses these three contexts explicitly, the committee also notes
that ecological valuation may also be useful for EPA in other contexts and for other purposes as

well. These include:
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. Program assessments mandated by the Government Performance and Results Act
(GPRA) of 1993;®
. Setting Supplemental Environmental Protection penalties for enforcement cases

where those penalties involve protection of ecological systems and services;

o Choice of options for Superfund and Resource Conservation and Recovery Act
cleanups that could take ecological valuation into account;

o Review of Environmental Impact Statements prepared by other federal agencies,
to comply with the National Environmental Protection Act; and

. Executing ecological protection duties otherwise delegated to states, for those
specific states that have not applied for or been approved to run programs on their

own, such as issuing permits to protect water quality.

Although not discussed explicitly in this report, the committee believes that selected valuation

methods and the approach described in this report can be useful in the above contexts as well.

2.2.2. Institutional and Other Issues Affecting Valuation at EPA
The committee recognizes that EPA must conduct ecological valuation within a set of

institutional, legal, and practical constraints that affect what can be done to incorporate
ecosystem values into policy evaluations. These constraints include procedural requirements
relating to timing and oversight, as well as resource limitations (both monetary and personnel).
To better understand the implications of these issues for its work, the committee conducted a
series of interviews with Agency staff.” The interviews focused on the process of developing
economic analyses as part of Regulatory Impact Assessments (RIA) for rule making and on the
relationship between EPA and OMB. The interviews proved equally beneficial in leading to a
better understanding of strategic planning, performance reviews, regional analysis, and other
situations where the Agency has the need to assess the value of ecosystems and ecosystem
services.

EPA has a formal rule-development process involving several stages, each of which
imposes demands on the Agency. The Agency also develops rules to meet court-imposed
deadlines. Despite the rigidity of this process, there is no single way in which Agency analysts
assess the benefits of protecting ecosystems. Practices vary considerably across program offices,

reflecting differences in mission, in-house expertise, and other factors. Program offices have

25



© 00 N oo o1 B~ W N e

(SO ST A ST S B LS N NS N \" A \C I\ S\ C B LS N o oL e v o o e i ey
O © 00 N o 0o A WN PP O © 0N 0o AW DNDN O

Extract from September 21, 2007 working draft of C-VPESS Report

different statutory and strategic missions. The organization, financing, and skills of the program
offices differ enormously. The National Center for Environmental Economics (NCEE) is the
Agency's centralized reviewer of economic analysis within the Agency.”® Nonetheless, the
primary expertise and development of the rules resides within the program offices.

The timing of the process largely determines the kinds of analytical techniques that are
employed. This is related to court-imposed deadlines on the rule process, as well as to
intervening requirements related to the collection and analysis of new data. The scientific
community is accustomed to much longer time horizons for their analyses. Unfortunately,
collecting new data poses a significant bureaucratic problem for the Agency. To collect original
data, the Agency must submit an Information Collection Request, which is reviewed within the
Agency and by OMB. This hurdle is required by the Paperwork Reduction Act and imposes the
review responsibility on OMB, adding a significant amount of time to the assessment process.
With a year or two at most to conduct a study, this kind of review significantly limits the scope
of analysis the Agency can conduct. In particular, the Agency must by necessity rely heavily on
transferring both ecological and social values information from previous studies to the new
analysis.

Another issue is OMB’s role in defining or directing ecosystem valuation exercises at
EPA. Among its activities, OMB acts as an oversight body that reviews EPA’s economic benefit
analyses. EPA is required to provide sufficient justification for its claims regarding the
economic benefits of its actions, including any analyses of willingness to pay or willingness to
accept related to ecological protection. As noted above, EPA has been given explicit guidance
by OMB in the Circular A-4. For a contribution to human welfare or cost that cannot be
expressed in monetary terms, the circular instructs Agency staff to “try to measure it in terms of
its physical units,” or, alternatively, to “describe the benefit or cost qualitatively” (p. 10)."
Thus, although Circular A-4 does not require that all economic benefits be monetized, it does
require, at a minimum, some scientific characterization of those contributions. Little guidance is
provided, however, on how to carry out this task. The circular instead urges regulators to
“exercise professional judgment in identifying the importance of non-quantified factors and
assess as best you can how they might change the ranking of alternatives based on estimated net
benefits” (p. 10).
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In conducting benefit assessments, EPA has an incentive to use methods that have been
accepted by OMB in the past. This creates a bias toward the status quo and a disincentive to
explore new or innovative approaches. The committee recognizes the importance of consistency
in the methods used for valuation, but also sees the limitations resulting from relying solely on
previously approved methods when innovative or expanded approaches might also be
considered.

A related issue involves review of RIAs by external experts. The Agency does not take a
standardized approach to RIA review. EPA staff and managers reported that peer review was
focused only on “novel” elements of an analysis, meeting the requirements of EPA’s peer review
policy (U.S. Environmental Protection Agency, 2003; also see U.S. Environmental Protection
Agency 2006). This raises the question of how the Agency (and perhaps OMB) defines “novel.”
Moreover, the novelty standard ironically creates a clear incentive to avoid conducting
innovative analyses since the fastest, cheapest option is to avoid review altogether.

Finally, the committee notes the importance of the organization of assessment science
within the Agency. The Agency relies, to varying degrees, upon a variety of offices to develop
assessments, including individual program offices and NCEE. It is not clear what form of
organization is most effective. A further complication is the availability and location of data
used to support ecological valuation. To resolve this issue, data that are housed within individual
program offices should be made public and readily shared with other offices.

The EBASP contains suggestions for addressing some of the limitations on ecological
valuation resulting from the Agency’s internal structure. It advocates the creation of a high-level
Agency oversight committee and a staff-level ecological valuation assessment forum. The
committee endorses these efforts. Nonetheless, the Agency will continue to face significant
external constraints when considering ecological valuation. The committee recognizes the
practical importance of these constraints and urges the Agency to be as comprehensive as

possible in its analyses within the limitations imposed by these constraints.

2.2.3. An lllustrative Example of Economic Benefit Assessment Related to Ecological
Protection at EPA

To better understand the current state of ecosystem valuation at EPA, the committee

thoroughly examined one specific case in which assessment of economic benefits was

undertaken, namely, the environmental and economic benefits analysis that EPA prepared in
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support of new regulations for Concentrated Animal Feeding Operations (CAFOs) (U.S.
Environmental Protection Agency 2002a)."*** In communications with the committee, the
Agency indicated that this analysis was illustrative in form and general content of other EPA
regulatory analyses and assessments of the economic benefits of ecological protection.

EPA proposed the new CAFO rule in December 2000, under the federal Clean Water
Act, to replace 25-year-old technology requirements and permit regulations. The final rule was
published in December 2003. The new CAFO regulations, which cover over 15,000 large CAFO
operations, require the reduction of manure and wastewater pollutants from feedlots and land
applications of manure and remove exemptions for stormwater-only discharges.

Because the proposed new CAFO rule constituted a “significant regulatory action” under
Executive Order 12866, EPA was required to assess the economic costs and benefits of the
rule.** An intra-agency team at EPA, including economists and environmental scientists, worked
together with the U.S. Department of Agriculture on the economic benefit assessment. Prior to
publishing the draft CAFO rule in December 2000, EPA spent two years preparing an initial
assessment of the economic costs and benefits of the major options. After releasing the draft
rule, EPA spent another year collecting data, taking public comments, and preparing assessments
of new options. EPA published its final assessment in 2003. EPA estimates that it spent
approximately $1 million in overall contract support to develop the assessment, with
approximately $250,000-$300,000 allocated to water quality modeling.

EPA identified a wide variety of potential “use” and “non-use” benefits as part of its
analysis.”™ Using various economic valuation methods, EPA provided monetary quantifications
in its CAFO report for seven benefit categories.’® Approximately eighty-five percent of the
monetary estimate of the benefits that were quantified by EPA was attributed to recreational
benefits. According to Agency staff, EPA’s analysis was driven by what it could monetize.

EPA focused on those contributions for which data were known to be available for quantification
of both the baseline condition and the likely changes stemming from the proposed rule, and for
translation of those changes into monetary equivalents. EPA’s final assessment provides only a
brief discussion of the contributions to human welfare that it could not monetize. The table in
the Executive Summary listed a variety of non-monetized contributions®’ but designated them
only as “not monetized.” EPA did not try to quantify these “contributions” in non-monetary
terms (e.g., using bio-physical metrics) or present a qualitative analysis of their importance.
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Instead, it represented the aggregate effect of these “substantial additional environmental
benefits” simply by attaching a “+B” place-holder to the estimated range of total monetized
benefits. Although the Executive Summary gives a brief description of these “non-monetized”
benefits, the remainder of the report devotes little attention to them.

Although it involved considerable effort, the CAFO economic benefits assessment
illustrates a number of limitations in the current state of ecosystem valuation at EPA. First, as
noted above, in implementing the Executive Order, the CAFO analysis did not provide the full
characterization of ecological contributions to human welfare using quantitative and qualitative
information, as required by the OMB Circular A-4. The report instead focused on a limited set
of economic benefits, driven primarily by the ability to monetize these benefits using generally
accepted models and existing value measures (transfer of economic benefits).** These benefits
did not include all of the major ecological contributions to human welfare that the new CAFO
rule would likely generate, nor all of the contributions that generated public support for the new
rule.® The Circular requires that an assessment identify and characterize all of the important
benefits of the proposed rule, not simply those that can be monetized. By focusing only on a
narrow set of contributions that could be readily monetized, the CAFO analysis and report
understate the total benefits of the rule change and distort the rationale supporting the final rule.
An unfortunate effect of this presentation is to suggest to readers that the benefits that were
monetized constitute the principal justification for the CAFO rule.® In this case the focus on
monetized benefits did not affect the outcome of the regulatory review. It is certainly possible,
however, that in a different context an economic benefit assessment based only on easily
monetized benefits could inadvertently undermine support for a rule that would be justified
based on a more inclusive characterization of contributions to human welfare.

Second, the monetary values for many of the emphasized economic benefits were
estimated through highly leveraged benefit transfers that often were based on dated studies
conducted in contexts quite different from the CAFO rule application.”* This was undoubtedly
driven to a large extent by time, data, and resource constraints, which make it very difficult for
the Agency to conduct new surveys or studies and virtually force the Agency to develop benefit
assessments using existing value estimates. Nonetheless, reliance on dated studies in quite

different contexts raises questions about the credibility or validity of the benefit estimates. This
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is particularly true when values are presented as point estimates, without adequate recognition of
the underlying limitations due to uncertainty and data quality.

Third, EPA apparently did not embark on a comprehensive effort to model the rule’s
ecological impacts. The report presents merely a simple conceptual model that traces outputs (a
list of pollutants in manure — Exhibit 2-2 in the CAFO report) through pathways (Exhibit 2-1) to
environmental and human health effects.?? This model provided useful guidance, but was not
sufficiently comprehensive to assure thorough analysis of the rule’s ecological impacts. As a
consequence the analysis was unduly directed by Agency presumptions (or discoveries) about
the availability of relevant data and the likely opportunities to quantify effects precisely and to
link and monetize associated economic benefits. This was undoubtedly driven in part again by
the time pressures of putting together the regulatory impact analysis. Without a comprehensive
modeling effort at the outset, however, EPA had insufficient insight into the potential economic
benefits and other values that needed to be analyzed and estimated. Developing integrated
models of relevant ecosystems from the start of a valuation project would also help in identifying
important secondary effects, which frequently may be of even greater consequence or value than
the primary effects.?®

Fourth, the CAFO analysis clearly demonstrates the challenges of conducting required
economic benefit assessments of ecological protection at the national level 2 National rule
making inevitably requires EPA to generalize away from geographic specifics, both in terms of
ecological impacts and associated values. It is, however, possible (and desirable) to make use of
existing and ongoing research at local and regional scales to conduct intensive case studies (e.g.,
individual watersheds, lakes, streams, estuaries) in support of the national-scale analyses. A key
question, of course, is whether case studies are representative. Both representative and non-
representative case studies can nonetheless provide useful information. Representative case
studies offer more detailed data and models that can fill in gaps in broad-scale national analyses
and check the validity of these analyses systematically. In general, systematically performing
and documenting comparisons to intensive study sites can indicate the extent to which the
national model needs to be adjusted for local or regional conditions. It also can provide data for
estimating the range of error and uncertainty in the projected national-scale effects. Non-

representative case studies can provide valuable information about the extent to which certain
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regions or conditions may yield impacts that vary considerably from the central tendency
predicted by the national analyses.

Fifth, although EPA invited public comment on the draft CAFO analysis as required by
Executive Order 12866, there is no indication in the draft CAFO report that the Agency
consulted with the public for help in identifying, assessing, and prioritizing the effects and values
addressed in its analysis. Nor is there discussion in the final CAFO analysis of any public
comments that might have been received on the draft CAFO analysis. Early public involvement
can play a valuable role in helping the Agency to identify all of the systems and services
impacted by the proposed regulations and to determine the regulatory effects that are likely to be
of greatest value. Through this added effort, valuations would be more likely to include the most
important impacts.

Sixth, EPA failed to follow its own advice regarding the use of outside peer-reviewed
data, methods, and models. While the Agency appropriately emphasized peer review in its
analysis and report, EPA did not seek peer review in deriving values for the CAFO rule. Once
again, this shortcoming is undoubtedly a function of time and resource constraints. It should be
noted, however, that peer review, especially early in the process, could help EPA staff identify
relevant and available data, models, and methods to support its analysis. In addition, it could
provide encouragement, direction, and sanction for more vigorous and effective pursuit of
ecological and human well-being effects associated with the proposed rule. An effective method
is to review not only individual components of the analysis (e.g., watershed modeling, air
dispersal, human health, recreation, and aesthetics) but the overall analytic scheme as well.

Finally, EPA’s analysis and report closely adhered to the requirements of Executive
Order 12866, which provided the proximate reason for preparing the analysis and report.
Nevertheless, when EPA prepares a benefit assessment specifically to comply with Executive
Order 12866, the Agency need not limit itself to the goals and requirements of the Executive
Order, which directs EPA to conduct an “analysis” and “assessment” of the “benefits anticipated
from the regulatory action” and, “to the extent feasible, a quantification of those benefits.” The
Executive Order, to be clear, does not preclude EPA from adopting broader goals. By adopting a
narrow focus, the CAFO report failed to consider the broader purposes served by a benefit
assessment. Assessments such as the CAFO study can serve many purposes, including helping
to educate policy makers and the public more generally about the economic benefits and other
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values that stem from EPA regulations. It is important for EPA to recognize this broader purpose

and to have an incentive to consider it more regularly.

2.3.  An Integrated and Expanded Approach to Ecosystem Valuation: Key Features
The CAFO example discussed in the previous section highlights a number of limitations

to the current state of ecosystem valuation at EPA. The committee’s analysis points to the need
for an expanded, integrated approach to valuing the ecological impacts of EPA actions, focusing
on the impacts of greatest concern to people and integrating ecological analysis with valuation.
This section describes an approach to ecological valuation developed and endorsed by the
committee. The approach should serve as a guide to EPA staff as they conduct RIAs and seek to
implement the provisions of Circular A-4, as well as in decisions regarding regional and local
priorities and activities. A more detailed discussion of the implementation of the approach and
the framework for specific decision contexts is provided in subsequent chapters of this report.

As noted, the committee focused on valuation in EPA contexts where there is an
environmental protection decision to be made. The major components of the ecological
valuation process proposed by the committee are depicted in Figure 1.

Figure 1: Components of Ecological Valuation
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The committee’s proposed approach for implementing the valuation process has three

key, interrelated features: a) early consideration of effects that are socially important; (b)
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predicting ecological changes in value-relevant terms; and (c) drawing on a suite of methods for

characterizing values.

2.3.1. Early Consideration of Effects that are Socially Important
The first key component of the proposed approach is the early identification and

prediction of the impacts or contributions to human welfare that are likely to be most significant
or of greatest importance to people, whether or not the impacts are easily measured, monetized
or widely recognized by the public. These could include changes in the ecosystem itself that
people value directly, or the resulting changes in the ecological services provided by a system.
Information about the ecosystem services or characteristics that are of greatest concern needs to
be obtained early in the valuation process so that efforts to quantify and characterize values can
be focused on the related ecological changes. The importance of a given change will depend on
the magnitude and bio-physical importance of the effect and on the resulting importance to
society.

Identifying socially relevant effects requires a systematic consideration of the many
possible sources of value from ecosystem protection and an identification of the types of values
that provide the impetus for a particular policy change. This focus will likely lead to an
expansion of the types of services to be characterized, quantified, or explicitly valued. For
example, even in the context of national rule making, a specific contribution to human welfare
should be included as part of an overall valuation whether or not it is possible to monetize that
benefit in terms of willingness to pay or willingness to accept; if there is evidence that it is
important to people, the benefit should be included as a key component of the total benefits,
complete with a detailed and careful (even if not monetized) characterization of its importance.
Previous assessments have often focused on what can be measured relatively easily rather than
what is most important to society. This diminishes the relevance, usefulness, and impact of the
assessment.

An obvious question is how to assess the likely importance of different ecological
impacts prior to completion of the valuation process. In fact, a main purpose of conducting a
thorough valuation study is to provide an assessment of this importance. Nonetheless, in the
early stages of the process, preliminary indicators of likely importance can be used as screening
devices to provide guidance on the types of impacts that are likely to be of greatest concern.

Relevant information can be obtained in a variety of ways. Examples range from in-depth
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studies of people’s mental models and how their preferences are shaped by their
conceptualization of ecosystems and ecological services, to more standard survey responses from
prior or purpose-specific studies. In addition, early public involvement® or the use of focus
groups or workshops, comprised of representative individuals from the affected population and
relevant scientific experts, can help to identify ecological changes for the specific context of
interest.

In eliciting information about what matters to people, it is important to bear in mind that
people’s preferences depend on their mental models (i.e., their understandings of causal
processes and relations), the information that is at hand to influence their understanding, and how
that influence occurs. As noted previously, expressions of what is important (e.g., in surveys) or
of the tradeoffs people are willing to make can change with the amount, the manner and the kind
of information provided. Collaborative interaction between analysts and public representatives
can help to ensure that respondents have sufficient information when expressing views and
preferences. The ecological valuation process can in fact be used as a mechanism for educating
the public about the services provided by ecological systems and how those services are affected
by EPA actions, thereby narrowing the gap between expert and public knowledge of ecological

effects.

2.3.2. Predicting Ecological Changes in Value-relevant Terms
The second major component of the C-VPESS process is the need to predict ecological

changes in terms that are relevant for valuation. This requires both the prediction of bio-physical
impacts of EPA actions using ecological models and the mapping of those impacts into changes
in ecosystem services or features that are of direct concern to people. Ideally, this would be done
using an ecological production function that is specified and parameterized for the ecosystem
and associated services of relevance in the assessment.

Numerous mathematical models of ecological processes and functions have been
developed. These models cover the spectrum of biological organization and ecological hierarchy
(e.g., individual level, the population level, the community level, the ecosystem level, and the
level of the global biosphere). They can be used to predict ecological impacts associated with a
given EPA action at different temporal and spatial levels. Some have been developed for
specific contexts, such as particular species or geographic locations, while others are more

general.
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Ecological models provide a basis for estimation of the ecological changes that could
result from a given EPA action or policy (e.g., changes in net primary productivity or tree
growth, bird or fish assemblages) and the associated changes in ecosystems or ecosystem
services. However, many of these ecological models have been developed to satisfy research
objectives and not EPA policy or regulatory objectives. This poses challenges when using these
models to assess the contributions of EPA actions to human welfare.

The first challenge is to link existing models with Agency actions that are intended to
control chemical, physical, and biological sources of stress. The valuation framework outlined
here requires an estimation of the bio-physical impacts that would stem from a specific EPA
action. To be used for this purpose, ecological models must be linked to information about
stressors. This link is often not a key feature of ecological models developed for research
purposes.

Ecological models additionally need to be appropriately parameterized for use in policy
analysis. Numerous detailed ecological studies have been conducted at various levels, for
example, at Long-Term Ecological Research Sites (Farber et al. 2006). These could provide a
starting point for parameterizing policy-relevant models. A key challenge is to determine
whether (or to what extent) parameters estimated from a given study site or population can be
“transferred” for use in evaluating ecological changes at a different location, time, or scale. In
other words, to what extent are estimated parameters adaptable from one context to another in
estimating the contributions to human welfare and values associated with EPA actions? In many
cases, data do not currently exist to parameterize existing models so that they could be used in
assessing EPA’s actions. Such data may need to be developed before the Agency can use these
models fully. To the extent that transferable models and parameter estimates exist, it would be
extremely valuable to have a central depository that EPA could draw on for this information.

The final, but perhaps most important, challenge is translating the changes predicted by
standard ecological models into changes in ecosystem services or features that can then be
valued. If adapted properly, ecological models can connect material outputs to stocks and
services flows (assuming that the services have been well-identified). Providing the link
between material outputs and services involves several steps, including identifying service
providers, determining the aspects of ecological community structure that influence function,

assessing the key environmental factors that influence the provision of services, and measuring
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the spatial and temporal scales over which services are provided (Kremen 2005). Most
ecological models, however, are not currently designed with this objective in mind. In particular,
they do not translate bio-physical impacts in ways that lay individuals can understand, or in ways

that reflect how those changes are of value to them.

2.3.3. Drawing on Multiple Methods for Characterizing Values
Given predicted ecological changes, the value of these changes needs to be characterized

and, when possible, measured or quantified. As noted above, a variety of valuation methods
exist. The C-VPESS approach envisions drawing on a wider range of methods than EPA has
typically utilized to capture a broader array of values. It recognizes that there are many sources
and types of value and many valuation methods. In addition, different methods provide different
ways of characterizing information about values, and multiple methods may be needed to
sufficiently capture all types or sources of value. Given the array of values and methods, a key
tenet of the valuation process proposed by the committee is that each valuation process should
include a conscious choice regarding the type(s) of value to assess and the appropriate methods
for assessing those values. However, this expanded approach should include only those methods
that meet accepted scientific standards of precision and reliability, are appropriately responsive
to relevant changes in ecosystems and their services, and are properly related conceptually and
empirically to things people value. The suite of methods used could vary with the specific policy
context, due to differences across contexts in information needs, legal and regulatory
requirements, the underlying sources of value being captured, data availability, and
methodological limitations.

Through expanded methodology EPA can better capture the full range of contributions
stemming from ecosystem protection and the multiple sources of value derived from ecosystems.
In addition, where resources allow, the use of multiple methods to characterize the same
underlying value can in some cases increase the confidence that decision makers, policy makers,
and the public have in those estimates. Certainly, the possibility exists that the application of
multiple assessment methods to an environmental decision problem could suggest conflicting
information about relative values. It then would be essential to try to ascertain the source of the
differences. In some cases, they may be due to the application of methodologies (e.g., eliciting
values from different population groups or samples), or study limitations (e.g., inappropriate

application of techniques or interpretation of results), or the inherent uncertainty in estimating
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values that results from data limitations, theory limitations, and randomness (see related
discussion in Chapter 5). In other cases the differences may reflect the fact that the alternative
methods are capturing fundamentally different sources, components, or concepts of value. In
any case, information regarding the similarities or differences of alternate assessment methods,
including their conclusions about the value of an ecological change, would be an important input
into a policy decision.

The committee evaluated a number of different methods for characterizing values
(described in detail in Chapter 4 and Appendix B). These include not only economic valuation
methods (the usual focus of EPA valuation) but other methods that could be used to value
ecological changes as well. These include social and psychological methods, assessments based
on voting and other group expressions of social or civic values, and assessment methods based
on indicators or bio-physical rankings that are less directly dependent on human preferences and
value judgments.

Underlying many valuation methods (including preference-based methods) are metrics
that are primarily bio-physical or socio-economic indicators of impact. These include such
indicators as acres of habitat restored, the number and characteristics of individuals or
communities affected, the likely injuries avoided, and the duration of impact. These metrics can
provide useful information in at least three ways. First, in some cases, they can be used directly
in policy decisions. For example, decisions based on human impact criteria (e.g., protection of
children’s health) or environmental goals (such as promotion of biodiversity) may draw directly
from these measures as indicators of the appropriate policy choice. Second, they might be used
as a proxy for some component of the contributions of ecosystem protection to human welfare,
when that component cannot be readily valued. As noted earlier, in contexts requiring benefit-
cost analyses, the OMB Circular A-4 requires that benefits be quantified when they cannot be
monetized; these metrics provide potentially useful forms of quantification in such
circumstances. Finally, even when human impacts can be valued, these metrics provide
information about human impacts that would presumably be relevant in the determination of the
associated value of the ecological change. Thus, in all of these contexts, estimates of the impact
of the ecosystem change on human populations are needed.

In contexts where monetary metrics are required or desired and the necessary data and

methods exist, the impact of the ecological change on the provision of some services to human

37



© 00 N o o1 B~ W N e

N NN N NN R B R R R R R Rl )
O B O N P O © © N O U M W N B O

26
27

28
29
30

Extract from September 21, 2007 working draft of C-VPESS Report

populations may be translated into a monetary equivalent of that change using standard
economic valuation techniques. For some valuation contexts, economic methods for valuing
changes are relatively well developed. As noted previously, existing EPA ecological valuation
efforts, such as the EBASP and the Science to Achieve Results (STAR) Grant program, have
focused on valuing changes using economic methods. These methods are designed to estimate
the economic benefit or cost of a given ecological change using a willingness-to-pay or
willingness-to-accept measure of the utility equivalent of that change. They have been applied to
the valuation of ecosystem services in a number of studies that have produced results that are
useful for policy evaluation and decision making.

As in the CAFO study, however, economic valuation methods have generally been
applied to a relatively narrow set of services. In some cases, these services might not have been
those that people are most concerned about protecting. While there are continuing discussions
about the role of economic valuations in principle, it is unlikely as a practical matter that all of
the important benefits (or costs) of a change in ecological conditions will be sufficiently captured
by economic valuation methods. For this reason, the EBASP calls for exploring “supplemental”
approaches to valuation.

The valuation approach proposed by this committee calls for a more prominent role to be
played by a variety of methods for characterizing values than envisioned in the EBASP. This is
a practical alternative for use when economic methods cannot fully capture contributions to
human welfare because of limitations in data or other knowledge-based gauges. It is also a means
of capturing many components of value that are not fully reflected in those value measures that
are based solely on economic measures of willingness to pay or willingness to accept. Including
other scientifically-based assessment approaches that can be applied along with, or in place of,
economic assessments will allow EPA to more fully represent the contributions of ecosystems

and their services to human well-being.

2.4.  Steps in Implementing the Proposed Approach
The previous subsections provide an overview of an integrated and expanded approach to

ecological valuation proposed by the committee. The process for implementing the proposed

framework would involve the following steps, depicted in Figure 2:
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1. Formulating the valuation problem and choosing policy options to be considered,

given the policy context;

2. Identifying the significant bio-physical changes that could result under the
different options;

3. Identifying the changes in the ecosystem and its services that are socially
important;

4. Predicting the changes in the ecosystem and relevant ecosystem services in

biophysical terms;
5. Characterizing, representing, or measuring the value of changes in the ecosystem
and its relevant services in monetary or non-monetary terms; and

6. Communicating results to policymakers for use in policy decisions.

Although Figure 2 depicts these steps as sequential, in practice interactions and iterations across
steps are likely during the process. For example, information about the value of changes in
ecosystem services stemming from a given set of policy options might cause a reformulation of
the problem or identification of new policy options that could be considered. Also, a projected
bio-physical effect might suggest human-social values that were not captured in initial
public/stakeholder processes.
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Figure 2: Process for Implementing an Expanded and Integrated Approach to Ecological Valuation
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As depicted in Figure 2, the implementation of the approach is contingent upon the
specific policy context. As noted above, ecological valuation can play a key role in a number of
different decision contexts, including national rule making and regional or local decisions
regarding priorities and actions. The valuation problem should be formulated within the specific
EPA context. Different contexts will generally be governed by different laws, principles,
mandates, and public concerns. These contexts can differ not only in the required scale for the
analysis (e.g., national vs. local) but possibly also in the type of valuation information that is
needed. For example, in contexts requiring an economic benefit cost analysis, benefits need to
be monetized whenever possible. In contrast, expressing contributions to human welfare in
monetary terms might be of little or no relevance to EPA analysts in other contexts. The policy
context in which the assessment is cast is therefore a key influence on the appropriateness of

data, models and methods.
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Figure 2 also highlights the need for information and input from a wide range of
disciplines at each step of the process, beginning with problem formulation and the identification
of the impacts that matter to the estimation of the value of those impacts. Thus, instead of having
ecologists work independently from economists or other social scientists, this approach envisions
collaborative work across disciplines. The result is an analysis that identifies the impacts that are
of greatest concern to society in a manner that is informative for valuation. Ecological models
need to be developed, modified, or extended to provide usable inputs for value assessments.
Likewise, valuation methods and models need to be developed, modified, or extended to address
important ecological/bio-physical effects that are currently underrepresented in value
assessments.

Figure 2 additionally suggests a structure that in many ways parallels the Agency's
Framework for Ecological Risk Assessment (U.S. Environmental Protection Agency Risk
Assessment Forum 1992; U.S. Environmental Protection Agency Risk Assessment Forum 1998).
This framework underlies the ecological risk guidelines developed by EPA to support decision
making that is intended to protect ecological resources (U.S. Environmental Protection Agency
Risk Assessment Forum 1992). The committee views ecological valuation as a complement to
ecological risk assessment. Both processes begin with an EPA decision or policy context
requiring information about ecological effects. Following that is a formulation of the problem
and an identification of the purpose and objectives of the analysis as well as the policy options
that will be considered. In addition, both ecological risk assessment and ecological valuation
involve the prediction and estimation of possible ecological effects of an EPA action or decision
under consideration. They also both ultimately use this (and related) information in the
evaluation of alternative decisions or policy options.

Ecological valuation goes beyond ecological risk assessment in an important way. Risk
assessments typically focus on predicting the magnitudes and likelihoods of possible adverse
effects on species, populations, and locations, but do not provide information about the societal
importance or significance of these effects. In contrast, as depicted in both Figure 1 and Figure
2, ecological valuation seeks to characterize the importance to society of predicted ecological
effects by providing information on the value that society places on either the ecological
improvements or the loss it experiences from ecological degradation. By incorporating human

values, ecological valuation is closer to risk characterization than risk assessment, and many of
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the principles that should govern risk characterization outlined in the 1996 NRC Report
Understanding Risk: Informing Decisions in a Democratic Society would pertain to ecological
valuation as well. For example, both should be the outcome of an analytical and transparent
process that incorporates not only scientific information but also information from the various
interested and affected parties about their concerns and values.

In contexts involving complex ecological impacts and tradeoffs, deliberative processes
have been successfully used as a means of identifying stakeholder concerns, educating
stakeholders about the ecological impacts of alternative policy choices, eliciting information
about stakeholder values, and ultimately describing and possibly evaluating tradeoffs. Examples
include the decision-aiding processes developed by decision scientists (refs) and mediated
modeling, in which stakeholders participate in the development and interactive use of simulation
models of complex ecological systems to compare and evaluate policy options (refs). The
process in Figure 2 has a structure that parallels these deliberative processes and shares many of
the same goals. In some contexts (e.g., site-specific and regional valuations), a single, holistic
deliberative process could be applied in a very similar way to accomplish the entire valuation
process. In other contexts, implementation of the valuation process could involve elements of a
deliberative process at different points in the overall value assessment (e.g., early on when
identifying impacts that are socially important or educating the stakeholders about potential
impacts), coupled with the use of non-deliberative methods at other stages of the process. In
either case, the goals and overall structure of this report’s proposed valuation approach closely
parallel those of the deliberative processes that have been developed and successfully used in a

number of contexts.

2.5.  Conclusions and Recommendations
Ecosystems play a crucial role in supporting life as we know it. They provide a wide

array of services that directly or indirectly support or enhance human populations. In addition,
they can be valued in their own right, for non-anthropocentric reasons stemming from ethical,
religious, cultural or biocentric principles. Part of EPA’s broad mission to protect human health
and the environment includes the protection of ecosystems.

Many EPA actions affect the state of ecosystems and the services derived from them.
However, to date ecosystem impacts have received relatively limited consideration in EPA

policy analysis, which has typically focused on human health impacts. It is imperative that EPA
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improve its ability to value ecosystems and their services to ensure that ecological impacts are
adequately considered in addition to human health impacts in the evaluation of EPA actions at
the national, regional and local levels.

To date, ecological valuation at EPA has focused primarily on a limited set of
contributions to human well-being from ecological protection. This stems primarily from the
difficulty of predicting the impact of EPA actions on ecological systems and the services derived
from them and the difficulty of quantifying, measuring, or characterizing the resulting
contributions and associated values. The presumption that contributions need to be monetized in
order to be carefully characterized also restricts the range of ecological impacts that are typically
considered in EPA analyses, particularly at the national level.

The committee views EPA’s efforts to improve its ability to value ecological systems and
services as very important and timely. The committee recommends that the Agency move
toward covering an expanded range of important ecological effects and human considerations
using an integrated approach. Such an approach would:

a) Expand the range of ecological changes that are valued, focusing on valuing the
ecological changes in systems and services that are most important to people and
recognizing the many sources of value, including both instrumental and intrinsic
values;

b) Highlight the concept of ecosystem services and provide a mapping from changes
in ecological systems to changes in services or ecosystem components that can be
directly valued by the public; and

C) Utilize an expanded set of methods for identifying, characterizing, and measuring

the values associated with these changes.

Such an approach would, from the beginning and throughout, involve an interdisciplinary
collaboration among physical/biological and social scientists, as well as direct and early
involvement and input from the public or representatives of individuals affected by the
ecological changes. In implementing the approach, EPA should recognize the multi-dimensional
nature of value and make a conscious choice regarding the type of value(s) it wants to assess and
the appropriate methods for assessing those values. In addition, the Agency should be
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transparent about the reasons for choosing specific valuation methods and communicate clearly
what the methods that it chooses measure and do not measure.

Through the use of the expanded and integrated valuation framework recommended in
this report, EPA can move toward greater recognition and consideration of the effects that its
actions have on ecosystems and the services they provide. This will allow EPA to improve
environmental decision-making at the national, regional and site-specific levels and contribute to
EPA’s overall mission regarding ecosystem protection. In addition, EPA can better use the
ecological valuation process as a mechanism for educating the public about the role of
ecosystems and the value of ecosystem protection. The remainder of this report develops the
ideas embodied in the C-VPESS integrated value assessment system through a more detailed

look at how the approach could be applied.
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3 BUILDING A FOUNDATION FOR ECOLOGICAL VALUATION:

PREDICTING EFFECTS ON ECOLOGICAL SYSTEMS AND

SERVICES
Chapter 2 of this report presented an overview of an integrated and expanded

approach to valuing ecological changes that result from EPA actions or decisions. The
approach was described in general terms. This chapter focuses on one part of that approach,
namely, predicting ecological changes in value-relevant terms. No matter what valuation
method is used, the valuation process requires an assessment of the impact of a given EPA
action on ecosystems and the services they provide. To conduct the assessment, a prediction
of the bio-physical impacts is needed in terms that are relevant for ecological valuation. To
the extent possible, this prediction should be quantitative. In the context of national rule
making, quantification is necessary for values that will be monetized and is needed (as stated
in Circular A-4 from the Office of Management and Budget), even for values that cannot be
readily monetized. In every context where the need for valuation arises, information about

the magnitude of effects will be a key component of value assessment.

This chapter begins with a discussion of the importance of developing an initial
conceptual model of the relevant ecosystem and its services designed to guide the entire
valuation process. It then turns to a discussion of how to operationalize the conceptual
model, which will often involve the use of multiple specific ecological models. In this
context, the key role played by the concept of an ecological production function is discussed.
The discussion highlights the challenges that currently exist in trying to implement ecological
production functions in specific valuation contexts. These include challenges associated with
understanding and modeling the relevant ecology, clearly identifying the relevant ecosystem
services, and mapping ecological changes into changes in the ecosystem services of interest.
To a large extent, these challenges stem from the underlying complexity and site-specificity
of ecosystems. The chapter then discusses some strategies for addressing these challenges
and providing the ecological science necessary to support valuation. A final section

summarizes conclusions and recommendations.

3.1. The Road Map: A Conceptual Model

Formulation of a conceptual model is a key first step in predicting the effects of EPA
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actions on ecological systems and services. The committee recommends that EPA start each

ecological valuation by developing a conceptual model of the relevant ecosystem(s) and
associated services. The conceptual model should be constructed at a general level to
provide a road map to guide the valuation process. As a result, the model should be context-
specific. More detailed analyses involving ecological production functions should follow to
identify the key interactions, predict specific ecological impacts, and calculate the ecological
values. This will often require the use of ecological or valuation-related models with a
narrower focus (see section 3.3). The conceptual model’s basic purpose is to guide the
process by providing a framework for integrating these more specific analyses into the

overall valuation exercise.

Key features of the conceptual model are a clear identification of the relevant
functional levels of the ecosystem, the inter-relationships between ecosystem components,
and how they contribute to the provision of ecosystem services, either directly or indirectly.
An example illustrating some aspects of ecosystem services related to nutrient pollution is

provided in Figure 3, adapted from Covich et al. (2004).

Figure 3: lllustration from Covich et al., 2004, Showing Relationships of Major Functional Types to
Ecological Services
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Figure 3 highlights the need for the conceptual model to include both information
about the underlying ecology and a link to ecological services that are of importance to
society. There is a need to include, for example, the impacts of environmental stressors, such
as waste disposal on organisms at different trophic levels, the key interactions among species
at different levels, and the changes at different levels that affect ecological services, such as
the food supply, clean water, or recreation.

Ecologists, not surprisingly, often focus on the underlying ecological aspects
(depicted in the lower part of Figure 3), while valuation experts tend to focus on the later,
value-oriented stages of the process, starting with ecosystem services (i.e., starting at the top
of Figure 3). A key principle of the C-VPESS approach is the need to consider and integrate
both aspects of the process. For ecological valuation aimed at improved decision-making, a
detailed analysis of ecological impacts, including modeling of ecosystem impacts, is
insufficient unless those impacts are mapped to changes in ecological services or system
components of importance to people. It is similarly insufficient to conduct valuation
exercises that do not reflect the key ecological processes and functions affected by the
decisions under consideration. Both steps are essential, and the development of a conceptual
model at the outset of the valuation process can help ensure that the process is guided by this
basic principle.

As envisioned here, the development of the conceptual model is a significant task that
deserves the attention of EPA staff throughout the agency, experts in the relevant topics of
consideration (from both the bio-physical and social sciences), and the public. Involving all
constituents at this stage will enhance transparency, provide the opportunity for more input
and better understanding, and ultimately give the process more legitimacy. Participatory
methods such as mediated modeling (see Appendix B) can play a valuable role in the
development of the conceptual model.

In addition, the process for development of the conceptual model should allow for
iteration and possible model changes and refinement over time. For example, an action at a
local site may initially be considered to have only local ecological effects, but, once the
stressors are considered, it may become apparent that effects reach to more distant regions
downstream or down wind, requiring a change in the conceptual model. Similarly, as the
stressors are identified in the context of the relevant ecological system, the conceptual model

may need to be modified to incorporate additional stressors. As an example, a relatively non-
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toxic chemical effluent, normally seen as insignificant, might become significant if it is

determined that low stream flows or intermittent streams effectively increase the
concentration of the chemical to toxic levels during some parts of the year. The conceptual
model, the process for developing and completing it, and the decisions that are embedded

within it should all be a part of the formal record.

3.2. Operationalizing the Conceptual Model: The Role of Ecological Production
Functions

While the conceptual model serves as a guide for the overall valuation process in a

specific context, the individual components and linkages embodied in that model must be
operationalized. The goal is to provide, to the extent possible, quantitative estimates of the
changes in ecosystem components or services that can then be valued. To operationalize the
conceptual model, it is necessary to map or describe: a) how the EPA action will affect the
ecosystem, b) how the change in the ecosystem will lead to a change in the provision of
ecosystem services; and ¢) how people value that change in ecosystem services. For the first
step, it is necessary to describe how change in stressor or in some other environmental factor
that could be altered by the EPA action results in changes in important aspects of ecosystem
structure or function. Does the change in stressor cause a species to disappear or change in
abundance? Does it result in a change in biogeochemistry? For any important changes, a
quantitative relationship must be determined.

A fundamental concept for describing the second step in this mapping is the
ecological production function. Ecological production functions are similar to the production
functions used in economics to define the relationship between inputs (labor, capital
equipment, raw materials) and outputs of goods and services. For example, a farmer uses
inputs of seeds, fertilizer, labor, and equipment to produce outputs of agricultural crops.”®

Ecological production functions describe the relationships between ecological inputs
and outputs, i.e., between the structure and function of ecosystems and the provision of
various ecosystem services. These functions capture the biophysical relationships between
ecological systems and the services they provide, as well as the inter-related processes and
functions, such as sequestration, predation, and nutrient cycling. Expanding on the farming
example, in addition to the inputs mentioned above, there are ecological inputs provided by
ecosystems, such as soil nutrients, rainfall, and pollinators, that have a major impact of crop
production. However, crop production is not the only ecosystem service provided by these

inputs. Beyond crop production, additional important outputs (i.e., ecosystem services)
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