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PART 1: CONCEPTUAL FRAMEWORK AND GENERAL APPROACH
1. INTRODUCTION

EPA’s Mission Regarding Ecosystem Protection. The Environmental Protection Agency’s

(EPA’s) mission is to protect human health and the environment. During its history, the EPA has
focused decision making and much of its 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 the EPA’s traditional expertise, the broad mission of the EPA goes beyond
this. In fact, EPA’s Strategic Plan explicitly identifies the need to ensure “healthy communities
and ecosystems” as one of its five major goals (U.S Environmental Protection Agency 2006) and
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 attention to ecological systems to ensure
the wise and thoughtful use and protection of our environment. An “ecosystem” is the term used
by ecologists to describe living organisms plus their physical environment and their interactions.
For example, a forest ecosystem is comprised of the trees in the forest plus the birds, insects, soil
micro-organisms, 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.

Given the important 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. Many EPA actions
(e.g., regulations, rules, programs, policy decisions) affect the condition of the environment and
the flow of ecological services from it. EPA actions can lead to improvement or deterioration of
ecosystems or prevent degradation that would otherwise have occurred. These impacts can occur

both at a relatively small, local scale as well as more broadly at a national scale.

Despite their importance, to date, ecological impacts have received relatively limited
consideration in EPA policy analyses. EPA’s ecological analysis has generally focused primarily
6
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on ecological endpoints such as those identified by tests required for pesticide regulation (e.g.,
effects on survival, growth, and reproduction of aquatic invertebrates, fish, birds, mammals, and
both terrestrial and aquatic plants) or mortality to fish, birds, and plants and, more generally,
animals, wildlife, aquatic life, as required by provisions of several laws* administered by the
Agency (U.S. Environmental Protection Agency Risk Assessment Forum 2003). However, given
EPA’s responsibility to ensure healthy communities and ecosystems, in addition to human health
impacts, the Agency’s actions must consider impacts on the key structural and functional
characteristics of communities and ecosystems, not simply impacts on individual organisms or
impacts on plant and animal populations. Failure to consider ecological impacts as fully as

possible can lead to distorted policy decisions.

In addition to its mission to protect ecosystems, EPA also seeks to evaluate policy options
and make policy decisions with a recognition of the tradeoffs that are inevitably involved. To
promote good decision-making, policy makers require information about how 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 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, there is a gap between the need for protection
of 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 for valuation of
ecological systems and services may help the Agency describe and measure the value of protecting

ecological systems and services and hence better meet 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).
The SAB saw a need to complement the Agency's ongoing work in ecological science, ecological
risk assessment, and ecological benefit assessment by offering advice on how EPA might better

value the protection of ecological systems and services and how that information might better

7
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support decision making to protect ecological resources. Toward this end, it formed C-VPESS,? an
interdisciplinary group of experts from the following areas: decision science, ecology, economics,
engineering, philosophy, psychology, and social sciences with emphasis on ecosystem protection.’
C-VPESS began its work in 2003 on a project designed to strengthen the Agency's analysis for
protecting ecological resources. The purpose of science advice on ecological valuation is to
strengthen the Agency's knowledge and set of analytical tools to help navigate difficult trade-offs
that inevitably arise when regulatory or other decisions must be made to protect ecological
resources. In this project the SAB set the goals of: a) assessing Agency needs and the state of the
art and science of valuing protection of ecological systems and services and b) identifying key

areas for improving knowledge, methodologies, practice, and research at EPA.

Scope of report and intended audience. This report provides advice for strengthening the

Agency's approaches for valuing the protection of ecological systems and services, facilitating
their use by decision makers, and identifying the key research areas needed to strengthen the
science base.* It focuses on 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
rulemaking, regional decision making, and programs in general that protect ecological systems and

services. It outlines a call for EPA to expand and integrate its approach in important ways.

This report appears at a time when there is lively interest internationally, nationally, and at
EPA itself in the issue of valuing the protection of ecological systems and services. Since the
establishment of the SAB C-VPESS major reports have been developed by others focusing on how
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 2006). This
report discusses in length past and current EPA efforts to improve ecological valuation (see
Appendix B), which have focused on economic valuation for use in benefit-cost analysis. EPA
has also sought to strengthen the science supporting ecological valuation through the extramural

Science to Achieve Results (STAR) grants program. STAR grants involving ecological valuation
8
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have primarily applied economic valuation methods to various ecosystem services.

The committee’s work has benefited from and has built upon these recent efforts. The C-
VPESS distinguishes its work from those efforts, however, in the following ways. First, the C-
VPESS focuses on EPA as an audience for its work. In particular, it focuses on how 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 focused on economic valuation. In
contrast, C-VPESS 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 and address how
the Agency could better represent the value of ecological protection.
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2. AN OVERVIEW OF KEY CONCEPTS

2.1  The Concept of Ecosystem Services
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 (U.S Environmental
Protection Agency 2004). These 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 ecological characteristics, functions or processes that
directly or indirectly contribute to human well-being. Ecosystem processes and functions
may contribute to the provision of ecosystem services but they are not synonymous.
Ecosystem processes and functions describe biophysical relationships and exist regardless
of whether or not humans benefit. Ecosystem services, on the other hand, only exist if they
contribute to human welfare and 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 a host of pathways that stem from the
functioning of ecosystems and influence people in ways both direct and

indirect. These services include flood protection, human disease regulation,

10
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water purification, air quality maintenance, pollination, pest 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. 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 help develop that list, can 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 relative merits of different options before them.

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. However, ecosystems can also be valued for reasons that are
independent of effects on human well-being. As discussed below, the committee recognizes
that ecosystems can be important not only because of the services they provide directly or
indirectly but also for other reasons, including respect for nature based on moral, religious,

or spiritual beliefs and commitments.
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2.2  The Concepts of Value and Benefits
In this report, “value” is used broadly to mean contributions to human well-being as

well as to mean goals or ends, such as social and civil norms (including rights) and moral,
religious, and spiritual beliefs and commitments. A basic distinction between two notions
of value can be made on whether value is related to goals (ends in themselves) or related to
the contribution made towards a goal (means to an end). To value something as a means is
to value it for its usefulness in helping to realize or bring about some thing or state of
affairs that is valued in its own right or as an end or goal. 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 end or goal. There are a range of possible
social goals or ends that one could envision, including “protecting biodiversity”,
“sustainability”, or “human well-being”. 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.”

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 (ends vs.
means). 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. 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. This claim could be interpreted to 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 “existence value,” a form of “non-use”
value, which is still 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 generate human
satisfaction. This interpretation is consistent with anthropocentric values in which the only
ends considered related to humans and human well-being. In contrast, the claim could be
interpreted to mean that an ecological system is valuable as an end or goal for its own sake,

12
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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 non-anthropocentric values where the existence or well-being
of other species or the state of ecosystems can be ends in themselves.

A key feature of instrumental values is substitutability. If there is more than one
thing that contributes to the achievement of a goal, the instrumental value 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. Substitutability means that more of
one thing can be traded off against less of something else as long as this contributes to
achieving the same goal. In contrast, if something is an end in itself this implies that
tradeoffs are not acceptable. There are no substitutes for something that is an end in itself.
If the sole goal or end is human well-being (anthropocentric utilitarian values), then all
things except human well-being are potentially substitutable. So, for example, building a
water purification plant may be a substitute for watershed protection in order to provide
access to clean water, which is an important constituent of human well-being. When
ecosystems are viewed as ends in themselves, then a water purification plant cannot be
substituted for watershed protection.

The Committee recognizes that ecosystems can be valued both as ends or goals and
as instrumental means to other ends or goals. To reflect this, throughout this report, the
term "value" is used broadly to include 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.

As distinct from the broader concept of value, in this report we use the term
“benefits” to refer more narrowly to the contribution of ecosystem services to human well-
being. As such, benefits include only instrumental values toward the goal of human well-
being. However, such instrumental values still cover a broad array of services, from direct
material benefits from provisioning services to an appreciation of beauty and “existence

value” from cultural services.

13
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2.3 The Concept of Valuation
The term “valuation” refers to the process of measuring either the value of, or the

value of a change in, an ecosystem, its components, or the services it provides. In this
report, the Committee uses the term “valuation” to quantify values, or changes in values, in
terms of the contribution that ecosystem or services contributes to some goal or end.
Valuation actually measures relative value in terms of the trade-offs between items that
provide contributions to a goal or end (instrumental value). It does not make sense to
attempt to quantify the “intrinsic value” of something. Only after one has defined the goal
or end does it make sense to quantify the value of items as their contribution toward
achieving that goal (Costanza 2000).

There are a number of methods that can be used for estimating or measuring values
from ecosystems or services. These methods differ on a number of dimensions including
what they attempt to measure, the theoretical foundations, assumptions, data requirements,
and type of output produced. Economic valuation methods measure individual values in
monetary terms and are applications of well-developed theory in welfare economics. Other
methods attempt to measure group or community values or measure biophysical outputs.
Some of these methods are well-developed while other are relatively novel and still in need
of further development. Because these measure attempt to measure quite different things
they may not generate comparable answers.

Valuation can be expressed in different ways, including monetary units, physical
units, or indices. Economists have developed a number of valuation methods that typically
use metrics expressed in monetary units (“monetary valuation”) while ecologists and others
have developed measures or indices expressed in a variety of non-monetary units such as
biophysical trade-offs. 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, alternative landscape management might be measured in terms of
how well they do in conserving biodiversity, where landscape management alternatives that
conserve more biodiversity are preferred (i.e., more valuable).

There are two kinds of techniques for estimating monetary values using methods
developed in economics: “revealed preference” and “stated preference.” These methods

14
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result in estimates of the dollar value of benefits, in other words, the amount of money that
a person would trade in exchange for the item being valued. Revealed preference methods
involve the analysis of choices that people make in real-world settings where they are
maximizing their well-being (utility) subject to a variety of constraints, including limited
income, prices for market goods, and so forth. “Stated preference” methods rely on
individuals’ responses to hypothetical questions of various forms, including the simplest
form: “How much would you be willing to pay for X?”

Alternatively, social-psychological methods for valuation focus on individuals’
judgments of the relative importance of, acceptance of, or preferences for ecological
changes. These approaches typically focus on choices or ratings among sets of alternative
policies, and may include comparisons with potentially competing social and economic
goals. Individuals making the judgments may respond on their own behalf or on behalf of
others (society at large or specified sub-groups) and the basis for judgments may be
changes in individual or community well-being, or civic or ethical/moral obligations
relevant to ecosystems and ecosystem services.

Many ecosystem services are public goods and it may be appropriate to use some
form of community or group choice process. Assessment methods based on voting or other
group expressions of social/civic values provide information about human values revealed
through these processes. It is also possible for people to participate in group deliberative
processes aimed at achieving the same goals.

Standard welfare economics is based in part on the assumptions that individuals
know their preferences and that they are well informed about the alternatives they face and
the potential consequences of the choices they make. Similarly, social-psychological
methods for valuation rely on individuals being well-informed about the alternatives they
are being asked to value. These assumptions are problematic in two respects when it
comes to applying valuation methods to ecosystems or services. First, individuals might
act 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. In that case, the choices that are analyzed in
revealed or stated preference methods, or those of social-psychological methods, will not

reflect the true value of the ecosystem service. In the case of methods other than revealed
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preference methods, it might be possible to provide the individual with information about
the ecosystem service before asking the valuation questions. Second, when people have
limited information about ecosystem services and ill-formed preferences their preferences
may need to be “constructed” through various forms of discourse. This issue is discussed
further below in the following section (section 2.4) on caveats to valuation.

In some cases, the output of a valuation process will be a single metric of the value
of a particular ecosystem or ecological change, while in other cases the process will yield
multiple metrics of value. Valuation methods that seek to aggregate all components of
value into a single metric, such as monetary valuation, weight various sources of value as
part of the valuation process and report estimated aggregate values that reflect these
weights. In contrast, valuation processes based on multi-metric approaches, such as multi-
criteria decision analysis or multi-attribute utility, do not seek to aggregate sources of
value. Rather, they report the information about the various components of value
separately and allow decision-makers to supply the weights to be attached to these
components. 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, then a valuation approach that yields a single metric will be needed. In contrast,
in a decision context where the decision makers themselves are charged with appropriately
weighing and balancing competing interests and making the tradeoffs, a multi-metric
approach will be preferred. It is important to note, however, that in either case a decision
ultimately requires weighing alternative and assessing tradeoffs. What varies among
approaches is where in the process the assessment of relative values is made and by whom.

As with conventional economic goods and services, one can also distinguish
between “intermediate” services that contribute to well-being indirectly (i.e. supporting
services), and final services that support well-being directly. Because some ecosystem
services are intermediate services, including both the benefits of the intermediate service as
well as the benefits final service to which it contributes would be double-counting the same
benefit. For example, counting the value of pollinators that increase agricultural output and
as a pollination service, as well as counting the value of agricultural output, would double-

count a portion of the value of agricultural production. If the question of interest is to
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know the benefit of pollinators, then the answer is to find the increase in production value
with pollinators versus without. On the other hand, if the question is to know the benefits
created by an agro-ecosystem, then the answer to is find the total value of production.
Either approach is valid but combining them is not valid.

Table 1 summarizes definitions of concepts used by the Committee.

17
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Table 1: Usage of Terms
For purposes of this report, the following terms are used as indicated:

Ecosystem: A dynamic complex of plant, animal, and microorganism communities and the non-
living environment, interacting as a system.

Ecosystem functions or processes: The characteristic physical, chemical, and biological
activities that influence the flows, storage, and transformation of materials and energy within and
through ecosystems. These 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 (e.g., pollination, predation, and parasitism).

Ecosystem Services: Those ecological characteristics, functions or processes that directly or
indirectly contribute to the well-being of human populations or have the potential to do so in the
future.

Value: This term is used broadly to include contributions to human well-being and goals or
ends, such as social and civil norms (including rights) and moral, religious, and spiritual beliefs
and commitments.

Benefits: The value of the contribution to human well-being.

Valuation: The process of measuring the value or the change in value in terms of the
contribution to a specified goal (e.g., human well-being, biodiversity conservation).

Valuation Method: A methodology, based on theory and data, for measuring the value of or the
value of a change in terms of the contribution to a specified goal.

Monetary Valuation: Valuation in which the measure is a monetary unit.
Non-monetary Valuation: Valuation in which the measure is a non-monetary unit.

Willingness to Pay (WTP) Valuation Methods: Methods that estimate the tradeoffs individuals
are willing to make expressed in monetary terms. These approaches typically focus on the
amount of money an individual is willing to forgo to enjoy a positive change (willingness-to-
pay). Alternatively, willingness to accept is the amount of monetary compensation a person
would accept in lieu of receiving that change.

Social-Psychological Valuation Methods: Methods that focus on individuals’ or groups’
judgments of the relative importance of, acceptance of or preferences for changes in ecosystems,
their components, or the services they provide, typically focusing on choices or ratings among
alternatives. Individuals making the judgments may respond on their own behalf or on behalf of
others (society at large or specified sub-groups) and the basis for judgments may be changes in
individual welfare, changes in group welfare, or civic or ethical/moral obligations relevant to
ecosystems and ecosystem services.
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2.4 Some Caveats Regarding Valuation
A basic tenet of valuation as defined in this report is that it seeks information

about the values generated by 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 benefits are limited to those currently perceived
and expressed by individuals in the general population. The usual presumption is that, in
a democratic society, the values held by individuals within that society should be
considered in public policy decisions and that public involvement can aid democratic
governance (e.g., Berelson, 1952). While the involvement of citizens in decisions about
their future environments and what would best serve their individual and collective well-
being is a basic tenant of democratic societies, it is also clear that individuals have far
from perfect information on which to base those decisions and often have ill-formed
preferences about the values of ecological systems and services. For example, some
researchers have argued that when confronted with unfamiliar choice problems
individuals do not have well-formed preferences and that responses to simple stated
preference willingness to pay questions are therefore unreliable (Gregory, et al., 1993,
Gregory and Slovic, 1997).

For complex problems such as ecosystem protection, majority values or values
held by the general population, given their current information which may be far from
perfect, are therefore not always an appropriate basis for public policy decisions.
Concerns about basing policy decisions on values expressed by individuals from the
general population stem from at least two sources: (1) ill-formed or missing preferences;
and (2) poor or incomplete information.

The first is the view that the preferences that people express for things or actions
with which they are unfamiliar are not well-formed or stable and are subject to
(intentional or unintentional) manipulation (see a detailed discussion in Appendix A).
This suggests that preferences for these things or actions must be “constructed” and that
expressed attitudes and preferences can be affected by the way the question or interaction
is framed. For example, individuals can have strongly held values that are not coded

mentally in terms of monetary units. Asking them to express these values in monetary
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equivalents such as willingness to pay may be asking them to make connections that in
their own minds are not clear or do not exist.

The second source relates to the quantity and quality of information individuals
have when expressing their values. In principle, public policy decisions should consider
all of the benefits associated with alternative options. However, for complex issues such
as ecosystem protection, individuals may not be aware of or fully understand all of these
benefits. For example, although individuals might understand the recreational benefits
associated with a given EPA action to limit nutrient pollution, they might not recognize
or fully understand the associated nutrient cycling or water quality benefits. As a result,
the values they express either through survey responses or through their behavior will
reflect that incomplete information (de Tocqueville, 1835; Schumpeter, 1950).

Possible responses to these issues include: (1) working to better inform
individuals by publicizing scientific information about ecosystems and their services or
by engaging in deliberative processes that can share this information and help individuals
construct their preferences in ways that are consistent with scientific understanding; (2)
combining responses from individuals or groups about their views of the relative values
of alternative outcomes with scientific understanding directly through models or other
mechanisms to make the link between ecosystem functions and outcomes.

Policy-makers should look for which of these methods, or what combination,
might give the best assessment of the values of ecosystems and services in particular
circumstances. In circumstances where the individuals are well informed and have well-
formed preferences for the values in question, they should put more weight on valuation
methods such as stated or revealed preference methods or social-psychological methods.
In circumstances where individuals are ill-informed or have ill-formed preferences,
policy-makers should investigate methods to effectively link methods that measure values
of outcomes with expertise of the scientific community to directly model the connections
between alternatives and outcomes. Given the uncertainties involved, a judicious use and

comparison of methods is justified.

20



© 00 N oo O B~ DN B

[EY
o

11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences
Do not Cite or Quote — 06/05/2007 Draft
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

3. ECOLOGICAL VALUATION AT EPA

There are several different contexts in which EPA policy decisions result in
ecological impacts and hence in which the need for ecological valuation will arise. In
addition, EPA operates within a set of institutional, legal, organizational and practical
constraints that affect this process at the Agency. Thus, EPA has specific needs in this
regard that must be recognized and addressed. These needs arise 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.

3.1.  Policy Contexts at EPA Where Ecological VValuation Can be Important
There are at least three policy contexts in which information about the value of

ecological systems and services could be very useful to EPA: a) national rule-making; b)
regional decision-making; and c) local assessment and evaluation.

Benefit assessments are required for national rulemaking by two of EPA's
governing statutes (the Toxic Substances Control Act and the Federal Insecticide,
Fungicide and Rodenticide Act) and by Executive Orders 12866 and EO 13422 for
"significant regulatory actions.” The 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 such "economically significant rules.”
One of these elements is an evaluation of the benefits and costs of a proposed regulatory
action and the main alternatives identified. The circular explicitly defines benefits using
the economic/utilitarian concept of willingness to pay (or willingness to accept).® The
circular contains general guidance on how to provide monetized, quantitative, and
qualitative information to characterize benefits as fully as possible. EPA itself has
developed broad guidance for ecological benefit assessment (U.S. Environmental
Protection Agency 2000) and an Ecological Benefits Assessment Strategic Plan (EBASP)
(U.S. Environmental Protection Agency 2006) with the goal “to help improve Agency
decision-making by enhancing EPA’s ability to identify, quantify, and estimate the value

of the ecological benefits of existing and proposed policies.” In developing the EBASP,
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EPA identified the need for improved models and methods to help implement the
requirements of the circular as they relate to ecological valuation. The Agency identified
the need both to expand methods and data for economic valuation and to explore other
assessment methods to provide information on ecological effects that are currently not
quantified or monetized and assigned an implicit value of $0. Managers seek approaches
that are "sound, credible, and scientifically supportable™ as well as flexible, affordable,
and able to be implemented within the time constraints required by rulemaking (U.S.
Environmental Protection Agency Science Advisory Board 2004 —check this quote.....).
EPA's regional offices, although generally not responsible for national rule-
making, are responsible for several kinds of regional and local decisions and activities

where the benefits of ecological protection are potentially important. These include:

. Priority setting for regional action, such as targeting projects for wetland
restoration and enhancement or identifying critical ecosystems or
ecological resources for regional attention;

. Setting Supplemental Environmental Protection (SEPs) penalties for
enforcement cases where those penalties involve protection of ecological
systems and services;

. Choice of options for Superfund and Resource Conservation and Recovery
Act (RCRA) cleanups that could take ecological benefits into account;

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

o Assisting state and local governments and other federal Agencies with
protecting lands and land uses, where assessment of the value of
protection options could help decision-makers make better-informed
decisions, 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.
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Regions also seek low-cost methods that can be implemented quickly to inform
site-specific decisions. They seek methods that provide information on the value of
ecological services; ecological diversity; conservation opportunities and threats;
sustainability; and historical and cultural values associated with ecological systems or
parts of ecosystems at the watershed or landscape scale. Regions experience the need to
communicate the value of ecological protection as they collaborate with other federal
agencies and with government partners at the local, state, and regional levels.

The need to assess the ecological benefits of policy options arises in most of the
Agency's decisions, including the assessment of ecological protection programs. EPA's
need to assess the value of its ecological protection programs has two dimensions: 1) a
retrospective dimension, because assessments focus on the value of EPA's current and
past protection efforts, and 2) a prospective dimension, because such assessments are
meant to inform decisions about future EPA programs and priorities. Program
assessments are mandated for EPA, as they are for all agencies of the executive branch,
by the Government Performance and Results Act (GPRA) of 1993. As part of that
assessment, OMB requires EPA to periodically identify its strategic goals and describe
both the social costs and budget costs associated with them. EPA's Strategic Plan for
2003-2008 described the current social costs and benefits of EPA's programs and policies
under each strategic goal area for the year 2002 (U.S. Environmental Protection Agency
2003). This analysis repeatedly points out that EPA lacks data and methods to quantify
the ecological benefits associated with the goals in its strategic plan.

In addition, GPRA established requirements for assessing the effectiveness of
federal programs. Part of that assessment involves assessing the outcomes of programs
intended to protect ecological resources. EPA must report annually on its progress in
meeting program objectives linked to strategic plan goals and must engage periodically in
an in-depth review [through the Program Assessment Rating Tool (PART)] of selected
programs to identify their net benefits and to evaluate their effectiveness in delivering
meaningful, ambitious program outcomes. Characterizing ecological benefits associated
with EPA programs is a necessary part of the program assessment process.
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Although ecological valuation can be an important part of program assessment,
this report focuses on the use of valuation to inform policy decisions relating to national
rule-making and regional and local priorities and activities. Nonetheless, the committee
believes that the methods and issues discussed throughout the report can be used to
improve the evaluation of EPA programs that protect ecosystems by demonstrating and,

where possible, estimating the ecological benefits derived from those programs.

3.2. Institutional and Other Issues Affecting Valuation at EPA
The committee recognizes that ecological valuation at EPA must be conducted

within a set of institutional, legal, organizational, and practical constraints that affect
what is and can be done to incorporate ecosystem values into policy evaluations. These
constraints include procedural requirements relating, for example, to timing and
oversight, as well as the Agency’s own resource constraints (both monetary and
personnel). In an effort to better understand these issues and their implications for the
committee’s charge, the committee conducted a series of interviews with Agency staff.
The interviews were focused on the process of developing benefit analyses for
Regulatory Impact Assessment (RIA) for rulemaking and the relationship between EPA
and the Office of Management and Budget. However, many of the questions raised are
equally applicable to strategic planning, performance reviews, regional analysis, and
other situations in which the Agency is called upon to assess the value of ecosystems and
the services they provide. Below are some key observations made by the committee
based on those interviews.

EPA has a formal rule-development process with several stages, each of which
imposes demands on the Agency, and the Agency also develops rules to meet court-
imposed deadlines. However, despite the commonality of the underlying rule-
development process, it is clear that there is no single way in which analysts within the
Agency assess the tradeoffs that people would be willing to make to enhance ecosystems.
Practices vary considerably across program offices, reflecting differences in mission, in-
house expertise, etc. Program offices have 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
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reviewer of economic analysis within the Agency. ® However, the primary expertise and
development of the rules resides within the program offices.

Secondly, 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 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 (ICR), 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. The requirement can add a significant amount of time to the assessment process.
With perhaps a year or two at most to conduct a study, this kind of review significantly
limits the kind of analysis the Agency can conduct. In particular, it implies that the
Agency must by necessity rely heavily on previous studies through the application of
benefits transfer techniques.

A third issue is the role of the Office of Management and Budget (OMB) in
defining or directing ecosystem valuation exercises at EPA. Among its activities, OMB
acts as an oversight body that reviews EPA’s benefit analyses. EPA is required to
provide sufficient justification for its claims regarding the benefits of its actions,
including any ecological benefits. As noted above, EPA has been given explicit guidance
by OMB in the Circular A-4, which the committee views as a reasonable document on its
own because of its call for a full characterization of the impacts of different policy
options, including where possible a characterization of benefits that cannot be monetized
or cannot be quantified (Office of Management and Budget 2003). For a benefit 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, if this is not possible either, to “describe the
benefit or cost qualitatively” (add page number).® Thus, although Circular A-4 does not
require that all benefits be monetized, it does require at a minimum a scientific
characterization of those benefits. However, little guidance is provided on how this

should be done. Instead, the Circular urges regulators to “exercise professional judgment
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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” (add page
number).

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
value of consistency in the methods used for valuation, but also sees the limitations
resulting from sole reliance on previously approved methods and the potential benefits
from efforts to explore innovative or expanded approaches.

A related issue involves review of Regulatory Impact Assessments (RIAS) by
external parties. 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 (EPA, 2003; also see
EPA 2006). This raises the question of how the Agency (and perhaps OMB) defines
“novel.” Moreover, the novelty standard actually creates a clear incentive to avoid
conducting novel analyses (however defined). It is clearly cheaper and quicker to avoid
review altogether. This suggests a possible role for a standing expert body that can bring
consistency to the review of analysis, avoid duplication of review, and be sensitive to
timing and resource constraints.

Finally, the committee notes the importance of the organization of assessment
science within the Agency. Currently, the Agency relies upon a variety of offices to
develop assessments, with varying degrees of reliance on other offices (e.g., NCEE) or
outside assistance. It is not clear which approach is most effective. In addition, the
organization of assessment has implications for the availability and location of data to
support ecological valuation. It is important that data that are housed within individual
program offices 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 benefits

assessment forum. The committee endorses these efforts. (KS: Do we?? | added this but
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it has not been discussed by the committee.) Nonetheless, the Agency will continue to
face significant external constraints when conducting 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.

3.3.  An lllustrative Example of Ecosystem Benefit Assessment at EPA
In an effort to better understand the current state of ecosystem valuation at EPA,

the committee examined in detail one specific case where benefit assessment was
undertaken, namely, the Environmental and Economic Benefits Analysis that EPA
prepared in support of new regulations for Concentrated Animal Feeding Operations
(CAFOs) (U.S. Environmental Protection Agency 2002). 1 The Agency indicated that
this analysis was illustrative of other EPA regulatory analyses of ecological benefits in
form and general content.

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, reduce 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 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 benefit
assessment. Prior to publishing the draft CAFO rule in December 2000, EPA spent two
years preparing an initial assessment of the 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.
It was estimated that EPA spent approximately $1 million in overall contract support to
develop the assessment, with approximately $250,000-$300,000 being spent on water
quality modeling.
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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 environmental benefits.* Approximately
eighty-five percent of the monetary benefits quantified by EPA were attributed to
recreational use and non-use of affected waterways. According to Agency staff, EPA’s
analysis was driven by what it could monetize. EPA focused on those benefits for which
data were known to be available for quantification of both the baseline condition and the
likely changes from the proposed rule, and for translation of those changes into monetary
equivalents. EPA’s final benefits assessment provides only a brief discussion of the
benefits that it could not monetize. The benefits table in the Executive Summary listed a
variety of non-monetized benefits'® but designated them only as “not monetized.” EPA
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 gave a brief description of these “non-
monetized” benefits, the remainder of the report devotes little attention to them.

Although considerable effort was invested in the CAFO benefits assessment, the
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 benefits using quantitative and
qualitative information, as required by the OMB Circular A-4. Instead, the report
focused on a limited set of environmental benefits, driven primarily by the ability to
monetize these benefits using generally accepted models and existing value measures
(benefit transfer).*® These benefits did not include all of the major ecological benefits
that the new CAFO rule would likely generate, nor all of the benefits that generated
public support for the new rule. " The Circular requires that a benefit 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 benefits, the CAFO
analysis and report understates the benefits of the rule change and distorts the rationale
supporting the final rule. An unfortunate effect of this presentation is to suggest to

readers that the monetized benefits constitute the principal justification for the CAFO
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rule.®® Although in this case the focus on monetized benefits did not affect the outcome
of the regulatory review, it is certainly possible that in a different context a benefits
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
benefits.

Second, the monetary values for many of the emphasized benefits were estimated
through highly leveraged benefit transfers that were generally 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 monetize benefits using existing value estimates. However, reliance on dated
studies in quite different contexts raises questions about the credibility or validity of the
monetary benefit estimates. This 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 engage in a sufficiently comprehensive effort at the
outset to model the rule’s ecological impacts. The report presents only 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 benefits. This was undoubtedly driven in part by the time
pressures of putting together the regulatory impact analysis. However, without a
comprehensive modeling effort at the outset, EPA had insufficient insight into the
potential benefits that needed to be analyzed and valued. Developing integrated models
of relevant ecosystems at the outset 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.”
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Fourth, the CAFO analysis clearly demonstrates the challenges of conducting
ecological benefit assessments at the national level.?> National rule-makings inevitably
require EPA to generalize away from geographic specifics, both in terms of ecological
impacts and associated values. However, it is possible (and desirable) to make use of
existing and on-going 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.
However, both representative and non-representative case studies can provide useful
information. Representative case studies offers more detailed data and models that could
both fill in gaps in broad-scale national analyses and to check the validity of these
analyses systematically. Systematically performing and documenting comparisons to
intensive study sites could indicate the extent to which the national model needs to be
adjusted for local/regional conditions and could provide data for estimating the range of
error and uncertainty in the projected national-scale effects. As a complement, non-
representative case studies can provide valuable information about the extent to which
certain 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
EPA consulted with the public during its analysis to help it identify, assess, and prioritize
the effects and values addressed in its analysis, nor is there discussion in the final CAFO
analysis of any comments received on the draft CAFO analysis. Early public
involvement could play a valuable role in helping the Agency both a) identify all of the
systems and services impacted by the proposed regulations and b) determine the
regulatory effects that are likely to be of greatest value. This would ensure that the
benefits assessment includes the most important impacts.

Sixth, while EPA in its analysis and report appropriately emphasized the
importance of using outside peer-reviewed data, methods, and models, EPA did not seek
to peer review its application of them or its integration of these components in deriving

benefit values for the CAFO rule. Once again, this is undoubtedly due in part to time and
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resource constraints. However, peer review, especially early in the process, would help
EPA staff identify relevant and available data, models, and methods to support its
analysis, and provide encouragement, direction, and sanction for more vigorous and
effective pursuit of ecological and human wellbeing effects associated with the proposed
rule. The general idea is to have individual components of the analysis (e.g., watershed
modeling, air dispersal, human health, recreation, aesthetics) each reviewed, as well as a
more general review of the overall analytic scheme.

Finally, EPA’s analysis and report focused nearly exclusively on meeting the
requirements as described in Executive Order 12866. This may not be surprising since
the Executive Order provided the proximate reason for preparing the analysis and report.
However, 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. The Executive Order does not preclude EPA from adopting broader
goals. The Executive Order provides merely that EPA shall conduct an “analysis” and
“assessment” of the “benefits anticipated from the regulatory action” and, “to the extent
feasible, a quantification of those benefits.” By adopting a narrow focus, the report failed
to consider or reflect the broader purposes that a benefit assessment can serve.
Environmental benefit assessments such as the CAFO study can serve a variety of
important purposes, including helping to educate policy-makers and the public more
generally about the benefits that stem from EPA regulations, and it is important for EPA

to recognize and have an incentive to consider this broader purpose.
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4. AN INTEGRATED AND EXPANDED APPROACH TO
ECOSYSTEM VALUATION: KEY FEATURES

The CAFO example discussed above highlights a number of limitations to the
current state of ecosystem valuation at EPA. The committee’s analysis points to the need
for a comprehensive, integrated approach to valuing the ecological impacts of EPA
actions, one that focuses on the impacts of most concern to people and integrates
ecological analysis with valuation. This section describes an approach to ecological
valuation developed and endorsed by the committee, followed in Section 5 by an
overview of implementation. 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 in general as well as in the context of
specific decision contexts is provided in Parts 2 and 3 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 ecological

valuation process proposed by the committee are depicted in Figure 1.

Figure 1: Components of Ecological Valuation
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Figure 1 gives a general overview of the ecological valuation process. The
committee is proposing an approach for implementing this general process. The
proposed approach has three key features, which are interrelated: a) a focus on impacts
of most concern to people; b) an integration of ecological analysis and valuation; and c)
inclusion of an expanded set of possible valuation methods.

The first feature reflects the committee’s view that ecological valuation or benefit
assessment should focus on the impacts or benefits that are likely to be most significant
or of greatest importance to people, which might or might not be those that are most
easily measured and monetized or those that they most easily recognize. This requires a
systematic consideration of the many possible sources of value from ecosystem
protection and an identification of the types of values that are providing the impetus for a
particular policy change. Information about the ecosystem services or characteristics that
are of greatest concern needs to be obtained early in the valuation process so that efforts
at quantification and characterization of values can be focused on the related ecological
changes. This requires a mapping of the ecological changes resulting from a given policy
choice to the corresponding effects on ecosystems and ecological services. In addition,

this focus will likely lead to an expansion of the types of services to be characterized,
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quantified, or explicitly valued. For example, even in the context of national rule-
making, the inability to monetize a specific benefit should not preclude its inclusion; if
there is evidence that it is important to people, it should be included as a key component
of total benefits and a detailed and careful (even if not monetized) characterization of that
benefit should be provided.

The second key feature of the framework is the integration of ecological analysis
with valuation. This implies a focus on predicting ecological impacts in terms that are
relevant for valuation. In particular, it requires a translation of bio-physical impacts into
changes in ecosystem components and services that can be understood by lay individuals
and are closely linked to the values they hold. This translation requires collaboration
across various disciplines, both at an early stage (in the identification of the impacts that
matter) and at a later stage (when estimating the value of impacts). Thus, instead of
having ecologists work independently initially to estimate ecological impacts in scientific
terms and then “pass the baton” on to economists or other social scientists seeking to
value those impacts, the approach envisions collaborative work across disciplines to
ensure that the analysis focuses on the impacts that are of greatest concern to society and
that the ways in which these impacts are defined and measured are 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.

Third, the approach draws on a variety of methods to characterize and measure
the importance of changes in ecosystems, including economic methods,
social/psychological assessments, and other methods based on bio-physical rankings or
public or group expressions of value. It recognizes that different methods provide
different ways of characterizing or providing information about values, and that multiple
methods made be needed to capture different types or sources of value. Different
methods could also be used at different stages of the valuation process. For example,
some methods might be well-suited to providing information that would be used early in

the process to guide decisions about which ecological changes are likely to be most
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important to people, while other methods would be well-suited to quantifying or

monetizing benefits that are specific to the EPA action. In addition, the suite of methods
used could vary with the specific policy context, due to differences across contexts in: a)
information needs; b) the underlying sources of value being captured; c) data availability;

and d) methodological limitations.
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S. IMPLEMENTING THE INTEGRATED AND EXPANDED
APPROACH

The previous section provides an overview of an integrated and expanded
approach to ecological valuation proposed by the committee. This section discusses
implementation of the approach in general terms. Part 2 of the report is devoted to a
more detailed discussion of implementation, drawing on actual examples of decision
contexts where ecological valuation could have played an important role.

The process for implementing the proposed framework would involve the

following steps, depicted in Figure 2:

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 ecosystems and ecosystem services in

biophysical terms;
5. characterizing, representing, or measuring the value of changes in the
ecosystem and its 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 it is likely that iteration
will occur at some points of 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 alternative policy options that could be
considered.
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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 where a benefit cost analysis is required, benefits need to be monetized
whenever possible. In contrast, expressing benefits in monetary terms might be of little

or no relevance to EPA analysts in other contexts, for example, when decisions are based

37



© 00 N o o B~ W N P

[CORE ST NS T S R LR A R N A \C I \C R O B Lo R o o s v i o o i ey
o © 0o N oo oA WON P O O 0N o W DN B+ O

Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences
Do not Cite or Quote — 06/05/2007 Draft
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

on other criteria. Therefore the policy context in which the assessment is cast is a key
influence on the appropriateness of data, models and methods.

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. In addition,
it suggests a structure that in many ways is parallel to 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) that
underlies the ecological risk guidelines developed by EPA to support decision making 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 begin with an EPA decision or policy context for which
information about ecological effects is needed. This leads to a formulation of the
problem and identification of the purpose and objectives of the analysis and the policy
options that will be considered. In addition, both ecological risk assessment and
ecological valuation involve prediction and estimation of possible ecological effects of
the EPA action or decision that is under consideration, and ultimately the use of this (and
related) information in the evaluation of alternative decisions or policy options.

However, 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, locations, etc., 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 takes the
predicted ecological effects and seeks to characterize their importance to society by
providing information on the value society places on the ecological improvements or the
loss they experience from ecological degradation. These values can reflect either
changes in the flow of services provided by the ecosystem or values that are attached
directly to the ecosystem itself that are independent of its contribution to human well-
being. By incorporating human values, ecological valuation is closer to risk
characterization than risk assessment, and many of the principles that should govern risk
characterization outlined in the 1996 NRC Report Understanding Risk: Informing
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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.

Several issues or considerations arise in implementing the steps of the process
outlined above. A brief overview of these issues is provided here, as a prelude to the

more detailed discussions that is included in Part 2.

5.1. Early Consideration of Effects that are Socially Important
A key component of the proposed approach is the identification and predictions of

ecological changes that are important to people. These could include both changes in the
ecosystem itself that people value directly, or the resulting changes in the ecological
services provided by those systems. The importance of a given change will depend on
both the magnitude and bio-physical importance of the effect and the resulting
importance to society.

Although Figure 2 suggests a linear process, this part of the process will generally
be somewhat iterative. The first step is to determine a preliminary list of potentially
important ecological effects, based on both the magnitude and bio-physical importance of
the effect. Development of this list would draw primarily on ecological science.
However, it is important to identify early in the process what effects people are likely to
be concerned about. Consideration of what seems to be important to people can lead to a
subsequent refinement of the list of ecological effects that will be the focus of any
valuation. For example, do individuals care mainly about the native-ness, the aesthetics,
or the ecological functions of grasses in a marshland? Is animal waste disposal a concern
to society primarily because of the recreational opportunities lost due to the resulting
deterioration in water quality or is society primarily concerned about other impacts? The
range of ecological changes that are the focus of the valuation study needs to include the
changes people care most about. Previous benefit 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.
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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 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 use of focus groups or workshops comprised of
representative individuals from the affected population and relevant scientific experts can
help to identify relevant or potentially important 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. Expressions of what is important (e.g., in
surveys) or of the tradeoffs people are willing to make can change with the amount and
kind of information provided, as well as how it is provided. Collaborative interaction
between analysts and public representatives can ensure that respondents have sufficient
information when expressing views and preferences. In fact, the ecological valuation
process can 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 about and awareness of

ecological effects.

5.2.  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
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mapping of those changes into changes in ecosystem services or features that are of direct
concern to people.

The bio-physical impacts of a given EPA action can be identified at different
temporal, spatial, and ecological levels. The latter include the individual level, the
population level, the community level, the ecosystem level, and the level of the global
biosphere. Living organisms supply goods and services that differ across all levels of
organization, from the individual to the ecosystem or global biosphere. For example, the
service provided by an individual animal unit is different from the service provided by a
given animal population.

Estimating bio-physical impacts requires information about relevant ecological
production functions. These functions 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. In identifying and predicting
ecological changes, it is important to consider their full range, including both primary and
secondary effects, adequately accounting for uncertainty, stability of the system
(including the effect of random shocks and management errors and the system’s
resilience), heterogeneity within a population or ecosystem, heterogeneity across
populations or ecosystems, and dynamic changes in the ecosystem over time.

Numerous mathematical models of ecological production have been developed.
These models cover the spectrum of biological organization and ecological hierarchy.
Some have been developed for specific contexts (species, geographic locations, etc.)
while others are more general. Primers on ecological theory and modeling (e.g.,
Roughgarden 1998) can provide a starting point for identifying available models.

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 ecological benefits of EPA actions. 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 above
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
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about stressors. This link is often not a key feature of ecological models developed for
research purposes.

In addition, the ecological models need to be appropriately parameterized for use
in policy analysis. Numerous detailed ecological studies have been conducted at various
levels, at Long-Term Ecological Research Sites, for example (Farber et al. 2006), which
could provide a starting point for parameterizing policy-driven models. A key challenge
is to determine whether (or to what extent) parameters estimated from a given study site
or population at a given point in time can be “transferred” for use in evaluating ecological
changes in a different location or time or at a different scale. In other words, to what
extent are estimated parameters adaptable to the context of interest in estimating the
benefits and values associated with EPA actions? In many cases, data do not currently
exist to parameterize existing models so they can 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 community
structure that influence function, assessing the key environmental factors that influence
the provision of services, and measuring the spatial and temporal scales over which
services are provided (Kremen, 2005). However, most ecological models are not
currently designed with this objective in mind. In particular, they do not translate bio-
physical impacts into impacts or metrics that lay individuals can understand and reflect

changes that are of direct value to them.
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5.3.  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. There are a variety of methods that can be
used to characterize values. The C-VPESS approach envisions drawing on a wider range
of methods than EPA has typically utilized in the past to capture a broader array of
values. It recognizes that value is multidimensional and that each valuation process
should include a conscious choice regarding the type of value(s) to assess and the
appropriate methods for assessing that value.

Some methods rely on metrics that are primarily bio-physical or socio-economic
indicators of impact. These include indices or indicators such as acres or miles of habitat
restores, the number or characteristics of communities or people affected, the likely
symptoms or injuries avoided or reduced, the duration of impact. There are at least three
ways in which these metrics can provide very useful information. First, in some cases,
these metrics may 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 look directly to these measures as indicators of the
appropriate policy choice. Second, they might be used as a proxy for some component of
the benefits of ecosystem protection when that component cannot be readily valued. For
example, in contexts requiring benefit cost analyses, the OMB Circular A-4 requires that
benefits that cannot be monetized be quantified to the extent possible, and these metrics
provide potentially useful forms of quantification. 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 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, to date
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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 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.

However, as in the CAFO study, economic valuation methods have generally
been applied to a relatively narrow set of services. In some cases, these might not have
been the services that people are most concerned about protecting. While there are
continuing discussions about the role of economic valuations in principle, as a practical
matter it is unlikely that all of the important benefits (or costs) of a change in ecological
conditions can now, or soon 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, both as a practical
alternative when economic methods cannot fully capture benefits because of data or other
knowledge-based limitations and as a means of capturing the components of value that
are not fully reflected in value measures based solely on economic measures of
willingness to pay or willingness to accept. Expanding the methods “toolbox” to include
other scientifically-based assessment approaches that can be applied along with or in
place of economic assessments, where appropriate, will allow EPA to more fully
represent the benefits of ecosystems and their services. Of course, this toolbox should
include only methods that meet accepted scientific standards of precision and reliability,
are appropriately responsive to relevant changes in ecosystems/services, and are properly
related conceptually and empirically to things people value. For all methods, appropriate
application will depend on the underlying scientific basis as well as the specific policy
context.

The committee evaluated a number of different methods for characterizing values

(described in detail in Part 3). These include social/psychological methods, which have
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been successfully used to identify and to assess a wide range of values that people hold
and that have been important considerations for environmental policy and decision
making. Social/psychological methods bear close resemblances to economic methods,
but they do not seek to attain a unidimensional monetary measure of benefit, allowing
instead for multiple dimensions of value to be expressed and considered by decision
makers. Other approaches include assessments based on voting and other group
expressions of social/civic values, as well as assessment methods based on bio-physical
rankings that are potentially less directly dependent on human preferences and value
judgments (although these clearly enter indirectly).

An expanded toolbox of methods could allow EPA to capture more completely
the full range of benefits stemming from ecosystem protection and the multiple sources
of value derived from ecosystems. In addition, where resources allow, use of multiple
methods to characterize the same underlying value can in some cases increase the
confidence of policy/decision makers and the public in those estimates. Of course, it is
possible that, when applying multiple assessment methods to an environmental decision
problem, even when multiple valuation methods are permitted by law, the methods may
suggest conflicting information about relative values. In this case, it would be essential
to try to ascertain the source of the differences. In some cases, differences may be readily
explained by differences in 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 simply the inherent uncertainty
that exists in estimating values as a result of from data limitations, theory limitations, and
randomness (see discussion in Part 2). 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 about the extent to which the different
assessment methods yield similar or different conclusions about the value of an

ecological change would be an important input into a policy decision.

5.4. Communicating Results
Information regarding the value of ecological changes stemming from EPA

actions will only be useful in improving decision-making if it is communicated
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effectively to policymakers and integrated with other information used in policy
decisions. In addition to policymakers, information about the value of ecological changes
is likely to be of interest to community members and scientists alike. As noted above,
ecological valuation can be an important tool for educating the public about the role of
ecosystems and the effects of ecosystem protection.

Communicating the value of protecting ecological systems and services requires
conveying not only value information, but also information about the nature and state of
the ecological systems and services to which they apply and the ecological processes
involved. Information can be and is often conveyed using mapped ecological
information, other visualizations including photographs and graphs, ecological indicators
and narratives. Integrated models with a geospatial interface, such as those developed by
Costanza (Costanza and Farber 1986; Costanza, Sklar et al. 1990; Costanza 1993;
Bockstael, Costanza et al. 1995; Fitz, DeBellevue et al. 1996; Cowling and Costanza
1997; Higgins, Turpie et al. 1997; Costanza 2002; Binder 2003; Costanza and VVoinov
2003; Costanza 2004) are another approach to depicting the state of ecological systems
and services. The SAB has proposed a framework for reporting on the condition of
ecological resources (EPA, 2003). The EPA’s draft Report on the Environment (U.S
Environmental Protection Agency 2002) and reports of the Regional Environmental
Monitoring and Assessment Program (REMAP) illustrate a range of approaches that can
be used.
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6. 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 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
ecological benefits. 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 benefits. The perception that benefits
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. As EPA continues these efforts, 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;

47



© 00 N o o B~ W N P

N R R N R i o e e T i o e
W N B O © © N O U M W N B O

Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences
Do not Cite or Quote — 06/05/2007 Draft
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

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 and solicit
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 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 an expanded and integrated valuation framework of this type,
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 local levels and contribute to
EPA’s overall mission regarding ecosystem protection. In addition, EPA can 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 this approach through a more detailed look at how the approach could be

applied.
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PART 2: BUILDING A FOUNDATION FOR ECOLOGICAL
VALUATION

1. INTRODUCTION

Part 1 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. In this part of the report, we discuss
implementation of the approach in greater detail. The purpose is to discuss in more detail
a number of fundamental issues that arise in implementing the approach that apply to
different EPA decision contexts in which ecological valuation can contribute to improved
policy analysis and decisions. As background for this, the committee examined a number
of examples of specific valuation contexts (discussed in Part 4 of this report) and used
these examples to inform its views about application of the proposed approach. The
discussion throughout Part 2 of the report reflects the general insights gained from

examination of these source examples.

Part 2 begins by discussing prediction of effects on ecological systems and
services. This discussion identifies and addresses a number of key issues that arise in
implementing this key step in valuation. Part 2 then discusses issues regarding benefit
transfer, uncertainty associated with ecological valuation, and the communication of

valuation results to both policy makers and the public.
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2. PREDICTING EFFECTS ON ECOLOGICAL SYSTEMS
AND SERVICES

The valuation process requires an assessment of the impact of a given EPA action
on ecosystems and the services they provide. This requires a prediction of the bio-
physical impacts expressed in terms that are relevant for ecological valuation. To the
extent possible, this prediction should be quantitative.. In the context of national
rulemaking, this quantification is necessary for values that will be monetized, and is
required (to the extent possible) by the OMB Circular A-4 even for those values that
cannot be readily monetized. In contexts where monetization is not required or desired,
information about the magnitude of effects will still be a key component of value

assessment.

2.1. The Road Map: A Conceptual Model
Formulation of a conceptual model is a key first step in predicting the effects of

EPA actions on ecological systems and services. The committee recommends that EPA
start each ecological valuation by developing a conceptual model. This conceptual
model should be constructed at a general level to provide a roadmap to guide the process.
More detailed analyses should then subsequently be used in identifying the key
interactions, predicting specific ecological impacts and calculating the ecological values.

A key feature of the conceptual model is a clear identification of the relevant
functional levels of the ecosystem and how they contribute to the provision of ecosystem
services. An example illustrating some aspects of ecosystem services related to nutrient
pollution is provided in Figure 3, [adapted??] from Covich et al. (2004). [Note: Do we
want to adapt this diagram or use it as is? Bob C. suggested some additional

linkages/arrows to include. | don’t know how to add arrows to the diagram. KS]

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 to include in the conceptual model both information
about the underlying ecology and a mapping or link between ecological outputs and
ecological services that are of importance to society. Often, ecologists focus on the lower
part of figure without considering the upper part, while valuation experts from the social
sciences focus on the upper part without considering the lower part. A key principle of
the C-VVPESS integrated approach is the need to consider both from the outset and to link
and integrate the two. For ecological valuation aimed at improved decision-making, it is
not sufficient to provide detailed analysis of ecological impacts in the lower part without
mapping those impacts to changes in ecological services or system components of
importance to people. Nor is it sufficient to conduct valuation exercises that do not
reflect the key ecological processes and functions affected by the decisions under
consideration. Both are essential, and the development of a conceptual model at the
outset of the valuation process is intended to ensure that the process is guided by this

basic principle. Of course, detailed analyses of specific parts of the conceptual model
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will often require use of ecological or valuation-related models with a narrower focus
(see further discussion below) but having the conceptual model to guide the process will
provide a framework for integrating these more specific analyses into the overall
valuation exercise.

As envisioned here, development of the conceptual model is a significant task that
deserves the attention of all the constituents of the process. These constituents include
EPA staff from throughout the agency, experts in the relevant topics of consideration
(from both the bio-physical and social sciences), and the public. Involving all constituents
including the public at this stage will enhance transparency, provide the opportunity for
more input and better understanding, and ultimately give the process more legitimacy.
Building the conceptual model should be accomplished always with the recognition that
one of the primary goals ultimately is to be able to value ecological systems and services.
As a result, the model should be context and goal specific. Both the conceptual model
and the process for completing it (and the embedded decisions within) should be a part of
the formal record.

Following the roadmap defined by the conceptual model requires the following
steps:

a) Predicting the ecological response to policy-induced changes in

stressors, using ecological models that are scaled and parameterized to
the relevant ecosystems (the lower part of Figure 3);

b) Identifying the important ecosystem services and components to be
valued (the upper part of Figure 3);

C) mapping the predicted changes in the underlying ecological system to
changes in the services identified in (b) (the linkages between the lower
and upper parts of Figure 3); and

d) quantifying or characterizing the value of the changes in the ecological

system and services.

In general, however, the process will not move sequentially through these steps.
Rather, it will entail simultaneous consideration of all of these steps, with interaction and

iteration among them, and EPA’s process for ecological valuation should incorporate
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mechanisms for this iteration. This iterative process will identify both the geographic
scale of the analyses as well as the ecosystems that should be included, which might
change over the course of the process. For example, an action at a local site may initially
be considered only to have local ecological effects, but, once the stressors are considered,
it may become apparent that effects reach to more distant regions downstream or down
wind. 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. For example, a relatively non-toxic chemical effluent might be considered
insignificant as a stressor, but might become significant if the conceptual model indicated
low stream flows or intermittent streams that would increase the concentration of the
chemical to toxic levels during some parts of the year.

Although the valuation process is iterative rather than linear, for ease of
exposition, we discuss the individual steps sequentially. The remainder of this section
discusses (a) through (c) in more detail. Methods for Step (d) are discussed in Part 3 of
this report.. As noted above, steps (a)-(c) are used for two fundamental purposes: as
direct input into valuation methods (socio-psychological, economic, mediated modeling,
etc.) in step (d), and to quantify impacts when they cannot be monetized (in accordance

with guidance in OMB Circular A-4) or when monetization is not necessary or desired.

2.2.  Modeling Ecological Impacts
Ecological valuation requires a fundamental understanding of the components,

processes, and functioning of the ecosystem that underlie and generate the ecosystem
services. These properties of ecosystems are inherently complex. Consider, for example,
the ecological services associated with the activities of soil organisms that might be
affected by disposal of waste on that soil. These organisms make their living from
organic matter that is in, or added to, the soil. In the process of breaking it down for use
certain groups maintain soil structure by their burrowing activities, which in turn provide
pathways for the movement of water and air. Other kinds of organisms shred the organic
material into smaller units that are in turn utilized by microbes that release nutrients in a
form that can be utilized by higher plants for their growth, for example, or in dissolved
form that enters into the water that flows from the immediate site into the water table or

stream. Other groups of often-specialized microbes may release various nitrogen gases
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directly to the atmosphere. Thus, the nature of the soil organisms and the products that
they utilize, store or release regulate the biogeochemistry of the site as well as its
hydrology and productivity and carbon storage capacity. As Figure 3 suggests, functions
such as these can be evaluated in general terms and related to the services that people
more readily appreciate and value such as the capacity of the soil biota to process wastes
and ultimately provide clean water (Wall, 2004). This requires, however, an
understanding of the complex ecological relationships that contribute to these services.

In addition, ecological effects may involve different persistence times (e.g.,
carbon dioxide in the atmosphere vs. acute toxic exposures to hazardous chemicals),
affecting both the temporal and spatial scales of the relevant ecological system. There
are numerous studies, including EPA’s regional analyses, risk analyses and the
Environmental Monitoring and Assessment Program (EMAP) program, that provide
guidance in identifying the proper boundaries and time scales for the ecological system
under study as well as the ecosystem characteristics, stressors and endpoints (Harwell, et
al., 1999, Young and Sanzone, 2002). As noted above, all of these should be embodied
in the conceptual model that will guide the analysis.

2.2.1 Ecological models.
While a conceptual model can provide a road map for predicting ecological

effects, specific ecological models are needed to quantify effects and incorporate
dynamic interactions among the ecosystem components, such as interactions among
species, dynamics of populations, with alterations in habitats, or accumulation of toxic
materials in substrates with different absorption capacities. Because of the complexity of
most ecosystems, models are used to organize information, elicit the interactions among
the variables represented in the models, and to reveal outcomes when run under different
sets of assumptions or driving variables.?* Thus, statistical or simulation models become
imperative to understand aspects of ecosystem structure that can influence future service
production. The choice of models, and the availability and appropriateness of supporting
databases, will be different depending on the scale of analysis (e.g., local vs. national)
and the precision of the question or hypothesis to be evaluated.

There are numerous ecological models that are used to describe ecological

“systems” and various ecological production functions, including scales from individual
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plants to regional characteristics such as crop productivity to continental migration of
large animals. These models frequently focus on specific ecological characteristics, such
as populations of one or more species or the movement of nutrients through ecosystems.
Models cover the spectrum of biological organization and ecological hierarchy. Primers
on ecological theory and modeling such as Primer of Ecological Theory (Roughgarden
1998) can provide a starting point for identifying available models. Some statistical and
theoretical models are relatively small, containing a few equations. Other ecological
models are very large, involving hundreds of interacting calculations.

Many ecological models have been developed to satisfy research objectives and
not Agency policy or regulatory objectives. The primary focus of these models has
typically been on understanding the dynamics in ecological systems, including for
example, the role of abiotic driving variables on production, the interaction among
species and the rate of carbon sequestration on continental scales. However, they are
adaptable for use in agency decision making. In fact, EPA currently employs a number
of ecological models, ranging from fairly straightforward toxicity models to population
model of fish and wildlife species to regional landscape models. The Council for
Regulatory Environmental Modeling (CREM), a cross-Agency council of senior
managers, was established by EPA with the goal of improving the quality, consistency
and transparency of models used by the Agency for environmental decision-making.
Information about environmental models developed or used by EPA is contained in the
internet-based Models Knowledge Base (MKB).

Although many of these models are well established and are used routinely for
describing ecological systems, the results from all ecological models can only represent
our current state of knowledge about the dynamics of the system. Modeling complex
systems is challenging due to multiple interactions and the fact that responses of system
components are often non-linear. The model outputs are estimates with known or
unknown levels of statistical uncertainty and no ecological model includes all the
possible interactions. Some ecological models explicitly or implicitly incorporate human
dimensions, but many of them focus primarily on ecological functions. In addition,
models capture historical relationships and are not typically able to predict ecosystem

patterns for which no modern counterpart exists. For example, if stressors such as
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climate change lead species to “reshuffle into novel ecosystems unknown today” for
which there is no analog, current models will not predict this impact (reference Science
article, Fox, May 2007). [do we want to say more about this?? KS] Finally, the
applicability, and to some degree the formulation of ecological models, is frequently
constrained by the insufficiency of data to build and test the models.

Despite these caveats, utilizing ecosystem models provides a means of
incorporating the best available scientific knowledge of how ecosystems will respond to a
given perturbation and the sensitivity of various ecosystem components. The committee
recommends that all ecological valuations conducted by EPA be supported to the extent
possible by state-of-the-art ecological modeling designed to provide insight into and/or
estimates of the likely or possible ecological impacts associated with alternative policy

decisions.

2.2.2 Selecting models.
EPA is faced with deciding which models to employ at the site, regional and

national scales. In theory, EPA could outline the types of ecological conditions under
which it expects to consider risks and impacts, inventory the existing ecological models,
conduct an assessment of their effectiveness and then offer a catalog of models that have
been most intensively validated, with specifications and restrictions for their application.
Although such an approach would have some appeal, it does not accommodate the
dynamics of the scientific process, namely that existing models are always being
modified on the basis of new understanding or additional data. Moreover, new models
are continually being created and tested. Such a catalog of “approved” models would
have some utility in the sense that use of these models would imply a level of credibility
and acceptability that would not otherwise need to be re-established with every new
assessment. In addition, such a catalog of approved models would at some level create
greater consistency among the methods used in the various EPA regions, presumably
evolving toward a smaller number of models with greater validity. [Should we say
something here about EPA’s Draft Guidance Document for the Development, Evaluation
and Application of Environmental Models? This document has recently been reviewed
by the SAB. KS]
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The alternative approach recognizes the dynamics of evolving science, and
specifies prerequisite characteristics of models rather than specifying particular models.
Under this approach, models would be selected that, in the judgment of EPA, best
address the particular issue. The National Research Council will soon release a study that
provides advice to EPA regarding the development of guidelines for selection and use of
models by the Agency (see CREM Newsletter, May 15, 2007). Although the Committee
has not studied this report (maybe we can look at it before we have to issue our report —
according to the CREM newsletter, it is due out in June 2007), advice of this type should
prove very useful to EPA in selecting among available ecological models.

When the ecological model is to be used in a valuation exercise, there may be
specific considerations or criteria for use in model selection that might not arise in other
contexts. For example, EPA could specify as a goal that models and data sets used in
ecological valuation should meet conditions such as the following:

a) A beginning conceptual model that identifies, at least in a preliminary
way, the state of the ecological system, the likely stressors and responses
to those stressors and all the socially important anticipated interactions. [it
is not clear to me how this is a criterion for model selection. KS]

b) The model should utilize databases that are in existence for the site, region
or country that can provide, at a minimum, a first approximation of the
probable ecological impacts. These more general data sets may need to be
refined for the specific region or site depending on the project or the rule
being considered, but initial assessments using these more generalized
data sets will produce a range of likely outcomes which may be analyzed
in more detail.

C) Adaptation of existing models should consider the congruent alignments
among: models; ecological systems; ecological services; ecological
service providers; potential injuries [to whom or what? HM]; and the
stressors under EPA purview. [again, not clear to me what the selection
criterion is here. KS]

d) The model should be sufficiently comprehensive and have been used

repeatedly so that there is a sufficient depth of understanding about its
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implicit assumptions, its reliability (robustness) and the reasonable range
of applicability (space and time scales). The mode should have been
subjected to sensitivity analysis so there is a well-defined domain of
outcomes from stochastic inputs.

e) The model should provide analytic output that includes a measure of
variance that can be used to describe uncertainty in the predicted outcomes
in a statistical distribution.

f) The model’s outputs should provide information that can be readily linked
to monetary and/or non-monetary valuation techniques.

9) Results from the models should provide guidance in a form that not only
can be subjected to valuation techniques, but is readily usable by managers
and rule- and policy-makers as well as by the interested public.

Criteria such as these can guide the Agency both in its selection among existing models
and also in setting priorities for future model development. The committee recommends
that EPA identify clear criteria for selection of ecological models for use in ecological

valuation and apply these criteria in a consistent and transparent way.

2.2.3 Gap in linking models to valuation.
Despite the existence of numerous ecological models at a variety of scales, there

is currently a gap between the outputs of most ecological models and the inputs required
for valuation of ecological services. Thus, the number of models that would meet all of
the above criteria is limited. This gap arises for two general reasons. First, as noted
above, ecological models have largely focused on describing ecological systems in terms
of ecological structure and function rather than in terms of social values. This reflects the
fact that the links between outputs of some ecological models and human uses of the
ecosystem have not been a subject of research until recently. Many of these ecological
models offer powerful comparisons among ecosystems as they are intrinsically different
or respond differently to stressors or changes in driving variables. As such, outputs of
these models may or may not be cast in terms of direct concern to people, and as such are
not designed as inputs to valuation techniques. For example, evapotranspiration rates,
rates of carbon turnover and changes in leaf area are important for ecological

understanding, but have not been translated into values of direct human importance. Of
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course, there are some examples of models with outputs directly related to human values,
such as those that predict fish and game populations or forest productivity. However,
these represent a limited set of ecosystem services.

The second reason for the gap between ecological models and valuation needs
relates to the complexity of ecological systems and their dependence on an array of site-
specific driving variables. Because of this, many ecological models are site specific.
Moreover, the relatively large amounts of site-specific data required to build and
parameterize models means that their transferability is limited, either because the model
has been developed using spatially constrained data or because inadequate data are
available at secondary sites with which to drive or parameterize the model. This site-
specificity may significantly limit the models’ applicability to the spatial and temporal
complexities required in valuing ecological services, especially at regional and national

scales.

2.2.4 Opportunities regarding ecological data.
Although data availability is a serious problem in many contexts, data on the

structure and function of ecological systems are becoming more available and better
organized across the country. Part of the increased availability is simply that web-based
publication now enables authors to post data and further analysis easily in electronic
forms available to other researchers. Also, as governmental agencies are being held more
accountable, data used in decision-making are expected to be made available to
constituents.

Within the ecological research community, the National Science Foundation
(NSF) Long-Term Ecological Research (LTER) program has had an emphasis on
organizing and sharing data in easily accessible electronic datasets. Although these data
were rarely collected for the purpose of valuing ecological services, they are particularly
valuable because they frequently measure long-term trends. As such, these data are
useful in separating short-term fluctuations from longer term patterns in ecological
properties. Also, the LTER program recently has focused on “regionalization” in which
data from sites surrounding the primary site are collected, thus providing a regional
context for site-based measurements and models. Planning for the forthcoming NSF

National Ecological Observatory Network (NEON) includes a Networking Information
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and Baseline Design (NIBD) component, which connects the key scientific questions to
the data required to answer the questions. The committee recommends that EPA
effectively link into the NEON planning process, and expand its involvement with the NSF
LTER program, which is now undergoing a major refreshing of its research and data
sharing protocols.

Despite the increasing availability and organization of ecological data, the costs
are too prohibitive to allow extensive data to be collected from all the sites on which EPA
is considering action. From an ecological perspective, therefore, an issue arises regarding
the reliability of transferring ecological information from one site or study to other sites
or over different spatial or temporal scales. Information in this sense can include tools or
approaches, data on properties of an ecosystem or its components, and services or
benefits derived from an ecosystem.

There are no hard and fast rules for when ecological information can be
transferred, and the confidence with which information can be transferred depends on the
type of information and the system in question. Given the complexity, richness of
interactions and the propensity for non-linearity, extrapolation of ecological information
requires caution. However, certain generalizations are possible. Information is more
likely to be transferable with greater similarity between and among contexts, e.g.,
ecosystems. Also, aggregate information, such as data on ecosystem properties are more
likely to be transferable than information on particular species or the interactions of
particular species. Thus, the ecosystem properties (e.g., leaf area index, primary
productivity, nitrogen cycling patterns) of an oak-hickory deciduous forest in Tennessee
might be transferable to oak-hickory forests in other parts of the eastern U.S. that are at
similar stages of development. To a lesser extent, the information might be transferable
to other types of deciduous forests.

Information could be transferable to other spatial or temporal scales if the
dynamics over time and space scales are known for the ecosystem. For instance, if data
are available on how the characteristics of an oak-hickory forest change as it develops or
through cycles of disturbance, then it should be possible to transfer data from one point in
time to another. Similarly, if information is available on how the properties of the system

vary with spatial environmental variation (local climate, soil type, land-use history), then
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it should be possible to extend information from one spatial context to another. EPA and
other national and international agencies have sponsored extensive research on “scaling
up” of data from particular sites to regions, and results from these analyses are applicable
to the transfer of information on ecological properties and services.

To some extent, the same generalizations apply to transferring tools such as
models, although success depends on how generally applicable the tool is and how
difficult (in terms of data requirements) it is to parameterize for other situations. For
example, forest ecosystem models can often be transferred to other forests using available

information from sources such as LTER sites.

2.3.  ldentifying Relevant Ecosystem Services
The discussion above relates primarily to modeling the impact of EPA actions on

ecological systems using ecological science. However, as illustrated in Figure 3, to be
useful for valuation, these impacts must be linked to changes in ecological services.
Thus, a second important step in implementation of the C-VVPESS valuation approach
embodied in the conceptual model is the identification of the relevant ecosystem services

or the things in nature that are important to people.

2.3.1 More on the concept of ecosystem services and its use.
Alternative definitions of what constitutes an ecosystem service have appeared in

the literature. For example, as noted previously, the Millennium Assessment used a very
broad definition of ecosystem services that included both indirect and direct contributions
of ecosystems to human well-being (ref). An advantage of this broad definition is that it
recognizes the many different ways in which ecosystems contribute to life as we know it
and can lead to greater appreciation of the service role that various classes of biota play in
providing services.

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 stresses the need
to distinguish between (ecological) inputs (or intermediate products) and (ecological)
outputs (end or final products), and include only outputs in the definition of services.”

These end products are what affect people most directly and hence what they are most
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likely to understand. For example, an analysis by 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 the general public had no understanding or appreciation of
these services in his analysis. 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. [it’s not clear if this is a quote or not. Need to check. KS]

Throughout this report, the committee uses the term “ecosystem services” to refer
to the ecological characteristics, functions or processes that directly or indirectly
contribute to the well-being of human populations (or have the potential to do so in the
future) (see Table 1, Part 1). This definition includes both intermediate and end products
that ecosystems provide. However, regardless of whether one defines ecosystem services
to include only end-point good/services or also to include intermediate ecological
goods/services as well as the associated functions and processes, the key point is the need
to identify a set of changes or ecosystem components that will be valued in a way that is
meaningful in the specific context of interest. For example, if a given ecological change
reduces the population of bees which in turn reduces pollination, then one would want to
value the change in pollination by comparing or characterizing human well-being with
and without the change. Similarly, if an ecological change increases habitat suitable for a
particular species or activity, one would want to value the change in habitat by comparing
human well-being with and without the change.

Identifying the relevant ecosystem services cannot be done deductively, but rather
depends on what benefits people. The ultimate goal is to identify what matters in nature,
and to express this intuitively and in terms that can be commonly understood. Technical
expressions or descriptions meaningful only to experts are not sufficient; similarly, the
identification of relevant services must be informed by the underlying ecological science.
Thus, the identification of relevant services requires a collaborative interaction between
ecologists, social scientists, and the public/stakeholders. Input from public/stakeholders
can come from a variety of sources, such as those described in this report (e.g., surveys,

individual narratives, mental model resesarch, and focus groups) or from content analysis
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of public comments, solicitation of expert opinion and testimony, and summaries of
previous decisions in similar circumstances.

The Committee believes that moving toward defining ecological impacts in terms
of changes in services or ecosystem components that are commonly understood is a key
to success in valuing the protection of ecological systems and services, and urges the
Agency to promote efforts to move in this direction. The relative success of EPA efforts
to translate air quality problems into human health-related social effects is due in part to
extensive, ongoing debate over the definition of health outcomes that can then be valued.
In order to value the health effects of air pollution, it was necessary to move from
describing impacts in terms such as oxygen transfer rates in the lung to terms that were
more easily understood and valued by the public, such as asthma attacks. The search for
common health outcomes that can be used for this purpose has been difficult.
Nevertheless, the lesson is clear: if health and social scientists are to productively interact
(e.g., to assess the economic value of improved air quality), connective measures of
health outcomes are necessary. These outcomes are now understood by disciplines as
different as pulmonary medicine and urban economics (EPA SAB, 2002). The search for
common outcomes that can be valued will be even more important in the ecological
realm, where biophysical processes and outcomes are even more varied and complex than
in the human body.

Some authors have advocated the development of a common list of services to be
collectively debated, defined and used by both ecologists and social scientists across

contexts (e.g., Boyd and Banzaf, 2007). Such a list might include the following:

e relevant species populations (e.g., including those that generate use value -- such
as harvested species and pollinator species — and those that generate existence
values)

e relevant land covers (e.g., forests, wetlands, natural land covers and vistas,
beaches, open land and wilderness)

e resource quantities (e.g., surface water and groundwater availability)

e resource quality (e.g., air quality, drinking water quality, soil quality)

e Diodiversity.
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These services contribute to a variety of benefits derived from ecosystems. Although
only a subset of the services on a common list might be relevant in any particular context,
the list would provide some standardization in the definition of ecosystem services across
contexts. Advocates argue that development of a common list is the only way to debate
and convey a shared mindset, and that it will concretely foster the integration of
biophysical and social approaches and provide greater transparency, legitimacy and
public communication about what in nature is being gained and lost. While achieving
agreement on a common list might be an important ultimate goal, it is likely to be even
more difficult for ecological impacts than in the context of human health impacts.
Nonetheless, consensus on a common list of possible ecosystem services would have at
least two benefits. First, the more consensus regarding ecosystem services, the more
productive will be the interaction between natural and social scientists. Second, starting
with a consistent list of possible services will allow social scientists to more productively
debate the merits of alternative valuation approaches. With a common set of services,
the strengths and weaknesses of the alternative methods will be easier to test and debate.

2.3.2 Basic Principles.
The identification of relevant ecosystem services, whether in the context of either

a common list or a specific problem, should follow some basic principles to ensure that
the services identified capture ecological changes that are socially important. These
include the following [Wouldn’t using the conceptual model be one of the first
principles? -AN] :

a) In identifying the relevant services to be valued, it is important to be as
inclusive as possible and practicable, but to avoid double-counting. Here
the principle is to count all things that matters, but to count them only
once. The conceptual model developed to guide the valuation process
should be designed to ensure that the principle is followed. In theory, one
can value a final product either directly (output valuation) or indirectly as
the sum of the derived value of the inputs (input valuation), but not both,
since separately valuing both intermediate and final products leads to

double counting. In some cases, it may be easier or more appropriate to
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value the intermediate service, while in other cases the change in the final
product can be directly valued. Thus, in identifying and listing the
ecosystem services to be valued, it is important to capture both
intermediate and final services of importance, recognizing that ecological
functions or processes are generally inputs into the production of another
ecological good or service.

Ecological services should have concrete outcomes that can be clearly
expressed in terms that the lay public can understand. In order to provide
useful input into valuation, ecological outcomes must be described in
terms that are meaningful and understandable to those whose values are to
be assessed. Thus, ecosystem services need to be identified through an
interaction between scientists and the general public. This will involve
both scientific input and input from a wide range of interested parties. The
services identified through this process should be tested with real people,
real decision-makers, and real communities to validate their relevance.
The delineation of services should reflect the basic principles of ecology:
namely, they should reflect the role of spatial and temporal phenomena
and the importance of place. In practice, this means that they should be
derived from processes that take place at large spatial and temporal scales,
but they should be expressed in local terms at specific times. For
example, the availability of water in a particular place at a particular time
is what people care about, but landscape-level and inter-temporal analysis
IS necessary to predict changes in that specific service. Advances in
information technology, mapping and remote sensing technologies in
particular will increasingly enable this kind of measurement.

The delineation of ecological services should reflect scarcity, and the
availability of substitutes and complements. This is related to the need for
spatially- and temporally-explicit services. The social value of ecological
changes will often be related to the existence of substitutes and
complements. Is this the only clean lake people can swim in or are there

others nearby? If people want to hike in the woods, are there trails they
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can use? If people like to kayak in June, will there be adequate water
volume? These are often key determinants of the value of a change.
Services should be defined so as to allow a consideration of scarcity,

substitutes, and complements in estimating or characterizing values.

2.3.3 Relationship to Endpoint Initiatives at EPA.
The discussion above specifically uses the term “ecosystem services” rather than

“ecological endpoints” in order to avoid any confusion between the concept of ecosystem
services embodied in the C-VPESS approach and existing activities within EPA to
develop ecological endpoints. One such initiative is the Environmental Monitoring and
Assessment Program (EMAP). EMAP was created by the Agency in the early 1990s. It
was designed to be a long-term program to assess the status and trends in ecological
conditions at regional scales (Hunsaker and Carpenter 1990, Hunsaker 1993, Lear and
Chapman 1994). Referring to EMAP, the EPA recently stated that “A useful indicator
must produce results that are clearly understood and accepted by scientists, policy
makers, and the public” (Jackson et al. 2000: 4). EPA has also developed a set of
Generic Ecological Assessment Endpoints (GEAE, 2003) based on legislative, policy,
and regulatory mandates.

Table 2: Table of Generic Assessment Endpoints Reproduced from U.S.EPA,
2003 describes these endpoints at the organism, population and community levels,

including the policy relevance and the practicality of each.

Table 2: Table of Generic Assessment Endpoints Reproduced from U.S.EPA, 2003

66



Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences

Do not Cite or Quote — 06/05/2007 Draft

This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

Table 2-2. Generic ecological assessment endpoints (GEAEs): summary of the policy support for their
use and their practicality®

GEAE#

Entity: attribute(s)

Policy support

Practicality

Organism-level endpoints

1 Organisms: kills Supported by many EPA programs; | Likelihood of kills from chemical
(mass mortality, e.g., EPA has restricted the use of pollutants can be estimated from
conspicuous pesticides (e.g., diazinon and toxicity testing. Incidents may be
mortality) carbofuran) due to incidents of bird | easy or difficult to observe, but when

mortality. seen, they suggest a common
mechanism or stressor exerting a
strong effect.

2 Organisms: gross Gross anomalies in birds, fish, External gross anomalies are readily
anomalies shellfish, and other organisms are a | observed and are commonly included

cause for public concern and have in survey protocols for fish and
been the basis for EPA regulatory forests. They are also reported in
action and guidance (e.g., assessed | toxicity tests of fish, birds, mammals,
at Superfund sites, incorporated into | and plants.
biocriteria for water programs).

3 Organisms: survival, | Many EPA programs rely on Results of toxicity tests of the

fecundity, growth

organism-level attributes of
survival, fecundity, and growth in
assessing ecological risks (e.g.,
water quality criteria, pesticide and
toxic chemical reviews, Superfund
sites). Organism-level species
protection is mandated by the
Endangered Species Act, Marine
Mammmal Protection Act, Bald Eagle
Protection Act, and Migratory Bird
Treaty Act.

survival, fecundity, and growth of
organisms are abundant and often
can be extrapolated to endangered
species and other species of concern.
Information on the ranges of listed
endangered species is available
through state and federal
governments.

Population-level endpoints

4

Assessment
population:
extirpation

EPA has taken action or provided
guidance to prevent extirpation of
local populations (e.g., assessment
of likelihood of extirpation of fish
populations due to acid rain). See
also the description for Assessment
population: abundance.

Extirpation can be predicted using
population viability analysis.
Demonstrating extirpation may be
easy or difficult, depending on the
conspicucusness of a species. See
also the description for Assessment
population: abundance.
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Table 2-2. Generic ecological assessment endpoints (GEAEs): summary of
the policy support for their use and their practicality® (continued)

intended to maintain production of
various economically valuable
species. EPA water programs (e.g.,
National Estuary Program) and air
programs (e.g., criteria pollutant
standards) have involved protecting
production of resource species
populations.

GEAE# | Entity: attribute(s) Policy support Practicality
5 Assessment Major environmental statutes Changes in abundance may be
population: mandate protection of animals, predicted using conventional toxicity
abundance plants, aquatic life, and living things | data with statistical extrapolation
generally, which can be inferred to | models and population models.
entail protection of populations. OPPT evaluated a population model
EPA policies for pesticides, toxic to explore effects of chloroparaffins
chemicals, hazardous wastes, and on fish populations. Measurement of
air and water pollutants are intended | abundance in the field may be easy
to protect assessment populations of | or difficult, depending on the
organisms. Mammals, birds, fish, species.
aquatic invertebrates, and plants are
typically assessed.
6 Assessment See description for Assessment Changes in production may be
population: population: abundance. predicted using conventional toxicity
production Additionally, a number of laws are data as well as population-based

approaches. For resource species
such as tree or fish species,
production changes may be
measurable in the field but may
require long periods of observation.

Community and ecosystem-level endpoints

7 Assessment
communities,
assemblages, and
ecosystems: taxa

EPA water quality biocriteria
frequently incorporate measures of
community taxa richness.
Additionally, EPA testing for

Changes in communities can be
inferred or modeled from
conventional toxicity data.
Measuring taxa richness and

communities.

richness pesticides, toxic chemicals, and abundance of aquatic communities,

water pollutants is intended to at least for fish and

assess impacts to communities as macroinvertebrate communities, is

well as populations and organisms. | practical and well established.

Fish, aquatic invertebrates, and Ecosystem models that assess effects

aquatic plant assemblages are often | of toxicants on community properties

assessed. are available and can use data
acquired from organism-level
laboratory testing, but they have not
been routinely applied to date.

8 Assessment As 1n the case of taxa richness, See description above for taxa
communities, water quality biocriteria incorporate | richness within assessment
assemblages, and measures of community abundance, | communities.
ecosystems: and EPA testing protocols are
abundance intended to assess impacts to

Tables such as this, expanded to include landscape-, regional- and global-level
endpoints (see EPA GEAE, 2003, Table 4.1; Harwell, et al. 1999; Young and Sanzone,

2002) can be used as a first step in characterizing the relevant ecological system and
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quantifying the responses to stressors—the ecological effects. Considerations prompted
by the table can be helpful in constructing and evaluating the initial conceptual model.
Thus, the committee views these initiatives as steps in the right direction.

However, for both EMAP and the GEAEs, the endpoints identified do not identify
ecosystem services as defined here. Regarding the EMAP effort, authors have noted the
need to translate EMAP indicators “into common language for communication with
public and decision-making audiences.” (Schiller et all 2001.) In one analysis, focus
groups were used to evaluate the indicators. In general, the study demonstrates the need
“to develop language that simultaneously fit within both scientists” and nonscientists’
different frames of reference, such that resulting indicators were at once technically
accurate and understandable.”” This committee agrees with this conclusion, and urges
EPA to move toward this goal.

As for the GEAE, the committee recognizes that these endpoints were developed
via explicit reference to policy and regulatory needs (“Criteria used for selecting the
GEAESs were that they must be useful in the EPA’s decision-making process, practical,
and well defined. Utility was based on policy support including citation in statutes,
treaties, regulations, or Agency guidance and on precedents.”). The GEAE’s are a
starting point but are also an example of how far EPA must go in moving toward
consideration of impacts on ecosystem services. In terms of Figure 3, the GEAEs fall
somewhere in the middle of the figure, and are unlikely to provide useful proxies for the
services at the top of the figure, for a number of reasons.

First, the GEAESs are expressed in technical terms and do not generally describe
concrete outcomes that are clearly expressed in terms that the lay public can understand.
While these technical terms are certainly appropriate for some regulatory purposes, most
of the public is not likely to be familiar with them. Hence, they will have limited use in
valuation.

Second, the GEAEs do not necessarily capture the things in nature that people
care about. By design, they depict a narrow range of ecological outcomes, confined to
organism, population, and community/ecosystem effects. They do not relate to water
availability, aesthetics, air quality, etc. In addition, they relate to kills, gross anomalies,

survival, fecundity, and growth, extirpation, abundance, production, and taxa richness.
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These are clearly relevant to biological assessment. However, the connection of these
endpoints to what is “socially important” is less clear. For example, people are likely to
care about species abundance when they fish or hunt or when they are worried about the
existence of a threatened species. In this sense, the presence, density and population of a
given species are clearly directly relevant to people. However, the relevance of data
related to production, taxa richness, gross anomalies, and kills is less clear. For example,
for anglers who care about the abundance of healthy fish in a particular location at a
particular time, the lost value from a single dead or diseased fish depends not on the
number of Kkills or anomalies but rather on how it affects the abundance of healthy fish in
the landscape.

Finally, the GEAEs do not enable analysis of scarcity and the availability of
substitutes and/or complements. This is related to the previous limitation. For example,
if anglers care about fish populations because of their impact on catch rates, then the lost
value from a single dead fish in a single lake will depend (among other things) on the
scarcity of fish and availability of substitutes in the relevant vicinity.

The Agency is aware of these issues. The committee raises them primarily to: a)
highlight the difference between the Agency’s current approach to defining relevant
ecological endpoints and the committee’s vision of ecosystem services, and b) encourage
the Agency to move toward identification and development of measures of ecosystem
services that are relevant and directly useful for valuation. This will require increased
interaction within the Agency between natural and social scientists. The committee urges
the Agency to foster this interaction through a dialogue related to the identification and
development of measures of ecosystem services.

One vehicle for increased dialogue is through greater coordination among the
Agency’s research programs. Robust research programs on ecosystem issues already
exist within the Agency. For example, ORD’s NCER has an established program on the
ecological evaluation of ecosystem services. The stated mission of this program is — in
part — to forecast, quantify, and map the production of ecosystem services. (see briefing
by Ms. Iris Goodman included in EPA SAB 2006)] NCER also has a grant program
(though it is smaller than the ecological program) to look at the valuation of ecosystem

services. The committee believes that these two programs could and should be more
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closely linked. A joint research initiative focused on the development of measures of
ecosystem services will not only address a critical policy need, but will also provide a

way for the Agency to concretely integrate its ecological and social science expertise.

2.4.  Mapping ecosystem impacts into changes in services
Up to this point, the discussion in this section has focused on improving

understanding of the underlying ecological system and its response to stressors and
identification of relevant characteristics of ecological systems or services that benefit
people. While these are critical elements, ecological valuation requires a linking of the
two, i.e., a mapping of ecosystem impacts into changes in the relevant services or
characteristics of ecosystems. In terms of Figure 3, this linking or mapping is what

connects the lower part of the diagram to the ecological services at the top.

2.4.1 Ecological Production Functions.
A fundamental concept for describing this mapping is the ecological production

function. Biophysical or ecological production functions are the foundation of all

environmental valuation. Figure 4 illustrates this concept.

Figure 4: Relationship of Ecological Production Functions to Effects on Ecological Systems and
Services
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Production 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. These functions allow
one to test and depict causality in nature, and to predict the changes in ecosystem services
that will result from Agency actions. Ultimately, they link changes in stressors to
changes in things people care about and allow answers to questions such as: How can
forests be managed to prevent fire damage? What kinds of marine reserves lead to larger
fish populations? How many more wetlands are needed to recharge sub-surface aquifers
used for irrigation?

Q: Is there more we can or should say about production functions? Can we give some
references or examples? KS

A key goal for improved valuation is to improve our understanding of and ability
to estimate ecological production functions. More on this??? What advice can we give

the agency on this?? KS
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Short of a full characterization of relevant ecological production functions linking
ecological impacts to services, there are approaches being developed that could move the
Agency toward this goal. These include the use of proxies based on functional
groupings, indicators, or meta-analyses. The first two of these represent a form of
simplification designed to focus on proxies or indicators, while the third approach is

based on data aggregation. These approaches are described briefly below.

2.4.2 Use of Functional Groupings as Proxies.
[Hal, are you comfortable with the heading here, and the description below? I’'m

not sure if 1I’ve captured the points correctly. KS]: Because of their inherent complexity,
ecological systems cannot be characterized in their entirety, nor can their responses to
stressors be completely measured and predicted. Instead, they are often categorized not
by species but by the abundance of the various functional groups present, for example,
functional types of bacteria or guilds of birds that behave in a similar manner. Short of a
full characterization of all relevant production relationships involved in the provision of
ecosystem services, it is possible to focus on functional groupings of organisms that play
a prominent role in providing ecosystem services, i.e., those that are directly involved in
the biological chain that affect the services of interest. This provides information about
inputs as a proxy for the outputs. The appeal of this approach is that within a given
functional group there may be many different species that provide a given function even
though one or more of the species of the group may not be present. For many services, it
is the functioning of a system that is of principal interest in terms of service provision,
not “what species does the job.”*®

The concept of functional groupings and their contribution to the provision of
ecosystem services is illustrated in Figure 5. [Hal, do we need to modify the text here to

fit your new figure? KS]

Figure 5: Illustration of How Different Metrics can be Utilized to Characterize the Contributions of
Functional Groups
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There are readily available and fully tested techniques for evaluating all of the

components in this chain. (insert references of general ecological texts covering these
issues — per Hal) For example, at the base of the ecosystem is its potential and realized
biological diversity. Metrics that look at species richness and various diversity indices get
at this directly. Through an analysis of the structures of the systems that are impacted, it
should be possible to focus on functional types that are directly involved in providing the

services of interest. For example, Weslawski et al. analyzed the services provided by
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various functional groups in estuaries and near-shelf sediment systems, providing a good
starting point for relating functions to services. While ultimately a better understanding is
needed of how the various functional groups are affected by EPA actions and how these
impacts in turn affect ecosystem services, focusing on the abundance of functional
groupings can provide a useful step in this direction. Some taxonomic groups with wide
functional diversity that are important in decomposition, such as the ubiquitous
nematodes, offer promise in this regard and have been so used in the past (Bongers and
Ferris, 1999).

2.4.3 Use of Indicators.
Similar to the use of functional groupings as proxies, the indicator approach

involves selecting key predictive variables or indicators rather than attempting to measure
and value all the possible significant outputs. To the extent that the indicators used are
grounded in ecological science but expressed in terms relevant for valuation, they can
provide information about how ecological impacts might affect ecosystem services.
Indicator variables have been established for specific ecosystems such as streams (e.g.
Karr, 1993) and for entire countries (e.g. Heinz Foundation, State of the Nation’s
Ecosystems, 2002). Trends in ecosystem services are often most effectively
communicated through indicators that simplify and synthesize underlying complexity. In
addition, the use of large, complex ecological models can be difficult pragmatically,
especially because of the quantities of required data and the time to implement. As a
result, making numerous or rapid evaluations is difficult (Hoagland and Jin 2006) and
simplification would be far more practical. Thus, the use of indicators can have
advantages in terms of both generating and conveying information about ecological
effects.

Many ecosystem indicators have been proposed (EPA/EC, 1996; National
Research Council, 2000) and several states have sought to define a relatively small set of
indicators of environmental quality to convey the value of ecological services. There
currently is no agreement on a common set of indicators that can be consistently applied
and serves the needs of decision makers and researchers in all contexts (Carpenter, et al.,
2006). However, there are guidelines for specific issues. For example, in evaluating the
economic consequences of species invasion, Leung, et al. (2005) have developed a
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framework for rapid assessments to guide in prevention and control, simplifying the
ecological complexity to a relatively small number of easily estimated parameters.
Because of the complexity of the interactions between economic and ecological systems,
economists frequently take a similar simplification approach that focuses on effects
occurring only in the relevant markets, assuming that the effects on the broader market
are negligible and can be ignored (Settle, 2002).

This simplification approach to ecological modeling will never satisfy those who
will always want to identify all the possible consequences of EPA actions. For example,
Barbier’s (2001) study of the economics of species invasion involved a predator-prey
model with inter-specific competition and dispersion. The model results demonstrated
that the extent to which commercial fishing was reduced by the introduction and spread
of invasive species was determined by the types of ecological interaction. He further
argues that future models should consider more complex ecological interactions, habitat
modification and non-market damages (Hoagland and Jin 2006). [Is the suggestion here
that Barbier wants to identify all possible consequences? And is Hoagland and Jin the
right reference? Is Barbier arguing this in a paper by Hoagland and Jin?? KS] The
question, of course, is the practicality of building ever more complex models that must
address a wide array of issues over multiple spatial and temporal scales. It may well be
that with accumulated experience, the simplified approach of selecting a few key
indicators or ecological processes that can be valued may prove to be the most practical
approach. The committee advises EPA to initiate research to develop key indicators for
use in ecological valuation for key repeated rulemakings or other repeated decision
contexts. Such indicators should meet ecological science and social science criteria for
effectively simplifying and synthesizing underlying complexity and be associated with an
effective monitoring and reporting program.

Similarly, there are ecological frameworks designed to incorporate multiple
dimensions into a coherent presentation that describes the status of ecosystems within a
region, especially as they relate to social values. For example, the “ecosystem report
card” in South Florida (Harwell, et al., 1999) is based on particularly germane criteria:

. be understandable to multiple audiences,
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. address differences in ecosystem responses across time, *

. show the status of the ecosystem

. characterize the selected endpoints, and

. transparently provide the scientific basis for the assigned grades on the

report card.

The report card identifies seven essential ecosystem characteristics that are thought to be
important, i.e., habitat quality, integrity of the biotic community, ecological processes,
water quality, hydrological system, disturbance regime (changes from natural variability),
and sediment/soil quality, which were then related to the goals and objectives for the
ecosystem integrity report card.?’ Related ecological outputs were selected based on both
scientific issues and societal values. The outputs are not designed to be monetized, but
rather are described by narratives or quantitative/qualitative grades that are scientifically
credible and easily understood by the public. There are other examples of using report
cards to characterize the status of a given ecosystem. The extension of this idea, of
course, is to use changes in the grades as indicators of ecological effects of EPA actions.
The report card approach is a possible method for characterizing ecological benefits for
the purposes of Circular A-4 when these benefits or ecological services cannot be readily

monetized.

2.4.4 Use of Meta-analysis.
A third alternative, the use of meta-analysis or data-aggregation, involves

collecting data from multiple sources and attempting to draw out consistent patterns and
relationships from those data. For example, Worm, et al. (2006) attempted to measure
the impacts of biodiversity loss on ecosystem services across the global oceans. They
combined available data from multiple sources, ranging from small-scale experiments to
global fisheries. In these analyses, it is impossible to separate correlation and causation,
which is a severe limitation. On the other hand, by examining data from site-specific
studies, coastal regional analyses and global catch databases, at least correlative
relationships could be drawn between biodiversity and decreases in commercial fish

populations—variables that can be monetized.
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In a similar data aggregation approach, de Zwart, et al. (2006) noted that
ecological methods for measuring the magnitude of biological degradation in aquatic
communities are well established (e.g. Karr, 1981), but determining probable causes is
usually left to a combination of expert opinion, multivariate statistics and weighing of
evidence. As a result the results are difficult to interpret and communicate, particularly
because mixtures of potentially toxic compounds are frequently part of these assessments.
To address this issue the authors used a combination of ecological, ecotoxicological and
exposure modeling to provide statistical estimates of probable effects of different natural
and anthropogenic stressors to fish assemblages. This approach: a) links fish, habitat, and
chemistry data collected from hundreds of sites in Ohio streams; b) assesses the
biological condition at each site; c) attributes impairment [e.g., loss of one or more of 117
fish species] to multiple probable causes; and d) provides the results of the analyses in
simple-to-interpret pie charts. When data were aggregated from throughout Ohio, 50% of
the biological effect was associated with unknown factors and model error; the remaining
50% was associated with alteration in stream chemistry and habitat. While the results are
not perfect, the point is that the technique combines multiple data sets and assessment
tools (models) to arrive as estimates of loss of fish species based on broad patterns. Thus,
like the previous study of the relationship of biodiversity to ocean productivity, this study
aggregates data from many sources and uses various models to arrive at estimates that
can be easily interpreted and at least in the case of game fish species, can be monetized.

2.5.  Conclusions/Recommendations
Implementation of the CVPESS valuation process requires prediction of the

ecological impacts of EPA actions, identification of the relevant ecosystem components
and services to be valued, and a linking or mapping of predicted ecological impacts to
changes in those components and services. This is an essential part of valuation, which
must be done before the value of those changes can then be assessed.

With regard to predicting ecological impacts and changes in services, the

committee recommends the following:
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EPA should begin each valuation with a conceptual model designed to
provide a roadmap to guide the process. A process for constructing the
initial conceptual model should be formalized, recognizing that the
process is an iterative one that responds to the addition of new
information and multiple points of view. The conceptual model and its
documentation should clearly describe the reasons for decisions about the
spatial and temporal scales of the target ecological system, the process
used to identify stressors associated with the proposed EPA action, and
the methods to be used in estimating the ecological effects, always
recognizing that the selected effects should relate to the valuation process.
In constructing the conceptual model, participation should be encouraged
from EPA staff throughout the agency, outside experts from the bio-
physical and social sciences, and the public who have a standing in the

results of the outcomes

All ecological valuations conducted by EPA should be supported to the
extent possible by state-of-the-art ecological modeling designed to provide
insight into and/or estimates of the likely or possible ecological impacts
associated with alternative policy decisions. EPA should develop criteria
or guidelines for model selection that reflect the reflect the specific
modeling needs of ecological valuation and apply these criteria in a

consistent and transparent way.

EPA should actively participate in the major efforts to organize ecological
data (e.g., LTER, NEON), both in terms of providing data and in using the
most applicable datasets in its assessments. EPA should promote efforts
to develop data that can be used to parameterize ecological models for use
in site-specific analysis and case studies or transferred or scaled to other

contexts.
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EPA should move toward identification and development of measures of
ecosystem services that are relevant and directly useful for valuation.

This will require increased interaction within the Agency between natural
and social scientists. The identification of services should satisfy the basic
principles outlined above: (a) counting all things that matter but counting
each only once; (b) expressing outcomes as services that are commonly
understood; (c) incorporating appropriate spatial and temporal
considerations; and (d) reflecting the role of relevant substitutes and/or

complements.

Recommendation on ecological production functions???

EPA should also explore the “simplification” and “data aggregation”
approaches, recognizing that ultimately some combination of approaches
could provide the most powerful assessments. The committee advises EPA
to initiate research to develop key indicators for use in ecological
valuation for key repeated rulemakings or other repeated decision
contexts. Such indicators should meet ecological science and social
science criteria for effectively simplifying and synthesizing underlying
complexity and be associated with an effective monitoring and reporting

program.

EPA should continue focused research funding investments in STAR
research on ecological services and support for modeling and methods
development. In addition, the NCER programs on evaluating ecosystem

services and valuing ecosystem services should be more closely linked.
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Leftover text on benefits transfer — put this in with other benefits transfer

discussion by Bill Ascher???

The applicability of transferring benefits depends on characteristics of related
resources and conditions, and also, on the reasonableness of using a static definition of an
economic trade-off in a dynamic ecological system. Farber, et al. (2006) have attempted
to classify the benefits transfer of ecosystem services from one context to another (see
Table 3 below). In some cases, e.g., carbon sequestration (gas regulation) the transfer is
appropriate at large spatial scales; in other cases, the processes operate at small scales but
the processes are so general that they can be transferred with high confidence (e.g., value
of game harvest). Some characteristics, such as genetic biodiversity (genetic resources)
or spiritual values are very site-specific and thus the benefits cannot be transferred with

confidence.

Table 3: Farber et al., 2006, Classification of Benefits Transfer of Ecosystem Services from One

Context to Another
Ecological Service Transferability
Gas regulation High
Climate regulation High
Disturbance regulation Medium
Biological regulation High
Water regulation Medium
Soil retention Medium
Waste regulation Medium/high
Nutrient regulation Medium
Water supply Medium
Food High
Raw materials High
Genetic resources Low
Medicinal resources High
Ornamental resources Medium
Recreation Low
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Aesthetics Low
Science and education High
Spiritual and historical Low
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3. BENEFIT TRANSFER
Benefits transfer refers to a class of methods that adapt existing estimates of the

tradeoffs people make for changes in environmental resources so benefit measures can be
used in other contexts. For example, a hedonic property value study based on primary
data associated with the sales of residential homes in Chicago can be used to estimate the
incremental change in housing prices associated with variations in the air quality
conditions near these homes. These estimates are interpreted as measuring the marginal
willingness to pay for small improvements in air quality in Chicago. In the case of a
linear specification for the hedonic price function, the estimated coefficient for the
measure of air quality would be the estimate of the marginal willingness to pay (MWTP).
The price function would then constrain the MWTP to be constant. With a nonlinear
specification the MWTP would be measured by using the estimates of the model to
construct a numerical value for the derivative with respect to air quality. In these
contexts, examples of benefits transfer would involve adapting the estimated marginal
willingness to pay (MWTP) for air quality in Chicago so it could be used for another city
such as Cleveland, New York City, or Los Angeles. For the linear case the MWTP is a
constant by assumption, so the only adjustment would be for the year of the Chicago
study in relationship to the year the analysis sought to measure the MWTP. In the case of
a nonlinear model for housing prices the MWTP estimate is itself a function of variables
in the hedonic price function that might be assumed to influence the derivative. The
adjustment of the derivative to conduct a benefit transfer might involve using different
values for air quality and other determinants of the MWTP that would be associated with
the city being studied. It is important to note that this adjustment does not imply the
analyst is assuming the procedure has recovered a marginal willingness to pay function.
This recovery requires added information and implies the model has allowed an aspect of
individual preferences to be identified (for a discussion of the distinction between an
estimate of MWTP that varies with other factors versus and estimate of the MWTP

function see Palmquist[2005]) .

83



© 00 N o o B~ W N P

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences
Do not Cite or Quote — 06/05/2007 Draft
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

There are a number of additional aspects of this process. The needs of each
proposed policy application for the MWTP estimate, the available information about the
city where it is to be used, and the added assumptions each analyst is prepared to make all
determine the exact form of the procedure that is then labeled as a benefits transfer.

In light of the limitations in time and money to undertake valuations, EPA
analysts often use benefits transfer from a previously conducted valuation at a “study
site” to assign values to the current case (the “policy site”). In fact, benefits transfer is
the primary method that develops the measures of economic tradeoffs used in EPA’s
policy evaluations. Most RIAs and policy evaluations rely on adaptation of the existing
literature. The 316B analysis, the Prospective Study, and the benefit-cost analysis of the
CAFO regulations offer recent examples of policy evaluations that used benefits transfer
methods.

However, a very important validity issue is whether the findings derived from
existing studies can be extended to new applications. The challenges and limitations of
benefits transfer have only recently received the attention that they warrant e.g., an entire
2002 special issue of Ecological Economics (the Wilson and Hoehn [2006] editorial
provides a good overview). This is surprising, given the prevalence of benefits transfer in
practical valuation efforts, particularly by the EPA. Inappropriate benefits transfer is
often a very weak link in valuation studies. The evaluations of benefit transfer in the
literature on the economic measures of environmental benefits are uniformly negative.
For example, Brouwer [2000] concludes that “no study has yet been able to show under
which conditions environmental value transfer is valid” (p. 140); similarly, Muthke and
Holm-Mueller [2004] urge analysts to “forego the international benefit transfer” and
“national benefit transfer seems to be possible if margins of error around 50% are deemed
to be acceptable” (p. 334).

The best summary of the current state of affairs in using benefits transfer is that
the actual studies are so diverse that overall judgment of the validity of the approach is
not possible. The assessments themselves do not do justice to the potential for careful
benefits transfer, as they typically adopt a mechanical process to mimic the steps in a
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benefits transfer. A realistic assessment would require case by case evaluations of the

assumptions used in the transfer.

3.1. Benefit Transfer Methods.
A benefits transfer is not a new set of estimates for non-market tradeoffs. All

benefits transfer methods simply transform existing results. There are three ways that
valuations for the policy site are derived from one or more study sites. First, a unit value
transfer usually interprets an estimate for the tradeoff people make for a change in
environmental services as locally constant per unit of the change in the environmental
service. For the policy site the relevant (and available) values for these factors would be
used to estimate an “adjusted” measure for the unit value based on the specific conditions
in the policy area (see Brouwer and Bateman [2005] for another example in the health
context).

Second, the function transfer approach replaces the unit value with a summary
function describing the results of a single study or a set of studies. For example, a
primary analysis of the value of air quality improvements might be based on a contingent
valuation survey of individuals’ willingness to pay to avoid specific episodes of ill health
(i.e. aminor symptom day such as a day with mildly red watering itchy eyes; a runny
nose with sneezing spells; or a work-loss day described as one day of persistent nausea
and headache with occasional vomiting).* A value function in this context would relate
the responses to these questions to the sample respondent’s income, health status,
demographic attributes, and other features describing factors that might influence their
responses such as health insurance. Another type of function could be a demand function
or random utility model describing revealed preference choices. In contrast with the
contingent valuation application of benefits transfer, the function being transferred in
these cases would not be a “value function.” It would be the estimated behavioral model.
Thus, the demand model or random utility model description of choices would be

transferred and then used to estimate benefit measures.

“ These examples are taken from Ready et al. [2004].
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Yet another type of function transfer involves the use of statistical summaries of
existing research. These meta-analyses can be undertaken where there is accumulated
evidence on measures of economic tradeoffs for a common set of changes in resources or
amenities. One area with a large number of applications is water quality relevant to
recreation (see Johnston et al. [2003] as an example of meta-analyses for water quality;
Smith and Kaoru [1990a, 1990b] for other recreation-based meta-analyses). This strategy
was used recently in EPA’s assessment for the Phase 111 component of the 316B rules.*

Third, the preference calibration approach proposes a different strategy for using
existing economic benefit measures. It assumes that the objective of a tradeoff should be
to first identify the parameters of a preference relationship required to measure the
tradeoff required for a policy application. In this context, the problem that is posed by a
benefit transfer becomes an identification problem. That is, the first step is to ask if with
a specified algebraic function describing a preference relationship, along with
information about the factors constraining an individual’s choice in the study application
and in the policy application, there is sufficient information in existing estimates to
isolate measures for the parameters required to estimate the desired economic tradeoffs
using this function. The task does not require that the parameters required for all possible
tradeoffs be recovered. This rhetorical question considers the ability to use the function to
construct a set of tradeoffs associated with the benefit measures needed for the policy
analysis. This complex question reverses the logic used in the conventional analytical
framework used to define a benefit measure.1 That is, a benefit measure specifies
something an individual would give up to obtain more of something else. In most
applications it is income that is given up in exchange for a change in some other factor
that is constraining that individual’s choices. To assure the definition is complete

“ An unpublished analysis and peer review of the methods has been developed as part of the rulemaking
process

! That is, in formal economic models analytic expressions for the tradeoffs labeled as benefits begin with
proposing a specific algebraic function to represent individual preferences. The next step describes in
terms of that function the specific changes that constitute the tradeoff. This process offers an analytical
description of an economic tradeoff. Preference calibration asks, given the estimate of tradeoffs and the
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requires specifying values for all the other factors that constrain the individual’s choices
as well as the level of income and the level of the factor to be relaxed prior to any change.
This technique imposes specific requirements on the information from existing studies.
As arule, these information needs are defined by the tradeoff concepts measured in the
literature (see Smith et al. [2002] for an example). When the parameters can be
calibrated or estimated from the existing literature, the transfer involves using the
calibrated preference function, together with the conditions at the policy site, to measure
the tradeoff for the change associated with the policy application.

3.2.  Potential Pitfalls
There is no reason to expect that, in general, ecosystem benefits or value functions

derived from a particular study site will be relevant for a particular policy site.
Differences in both biophysical characteristics and human value priorities dictate that
great care must be given in deciding whether the valuation of benefits in one context
should be assigned to another.

This challenge is exacerbated by the fact that often few valuation studies are
available for a given ecosystem benefit, thereby limiting the set of comparable cases.
One consequence is that analysts sometimes rely on estimates that are too old to be
reliable for new applications. For example, the RIA conducted for the CAFO rule based
its willingness-to-pay estimates for improved water quality on indices taken from the
Carson-Mitchell contingent valuation study that was more than 20 years old.

Another potential pitfall is posed by the distortions that emerge when the
valuations or functions are derived from studies designed for other purposes than those of
the policy site. For example, our assessment of the CAFO RIA notes that the Carson-
Mitchell study was not intended to apply to specific rivers or lakes. Moreover, the water
quality index used by Carson and Mitchell was highly simplified, with no intention to

capture the ecosystem services beyond those related to fishing.

algebraic description, is there sufficient information to estimate or calibrate the preference parameters of
the specified function?
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Yet another potential pitfall is the difficulty of finding the most appropriate unit
values to carry over from the study site to the policy site. As the example in the
following Text Box shows, several different metrics of value (e.g., number of fish anglers
catch per outing; number of fish caught per hour) will have very different implications for
the valuation in the policy site. The choice of unit values has to be appropriate to the
scale and context as well. For example, the willingness to pay for increased wilderness
areas in a study site may have been repressed in terms of dollars per absolute increase in
area (e.g., $100 per tax payer annually for a 100 acre increase in area, or $1 per acre).
This unit value may be reasonable for a small, heavily populated municipality, but far too

high for a municipality with much more existing wilderness area.

Text Box 1: The Challenge of Choosing a Unit Value for Benefits Transfer

Suppose the literature has evidence that the average value of the
willingness to pay to improve the catch rate (i.e. fish caught per unit of effort) for
a sport fishing trip was estimated to be $5 per trip for a 10% improvement in this
catch rate. This estimate could be from one study describing specific types of
fishing trips by a sample of individuals or it could be an average of several
studies. One approach for developing a unit value transfer would divide $5 by
10% and assume the appropriate value for improvements in catch rate would be
$0.50 for each 1% improvement. Another approach would take the same
information on average tradeoffs and recognize that the number of fish caught in
the study providing the estimated benefit with an hour of effort averaged (before
the improvement) as 2. Thus a 10% improvement implied the typical
recreationist would catch 0.2 fish more with an hour’s effort. After five hours
effort, this change would mean one more fish would be caught on average.
Suppose the average recreational trip is a day with about an hour and a half travel
time each way. Under these circumstances the improvement implies an average
of one more fish is caught during a trip (i.e. assuming 5 hours of “effort”
available; that is assuming an 8 hour day and 3 hours of travel time, this would
lead to 5 hours available for fishing effort). These added data of the features of
the trips might be used to imply the improvement made “typical” trips yield added
incremental benefits of $5.” Alternatively it could also be argued to imply added
fish caught during a typical trip would be worth $5. For the study site all three
interpretations are simply arithmetic transformations of the data describing the
context for the choices that yield the tradeoff estimates. However, the same
conclusions do not hold when they are transferred to a different situation.
Suppose the policy site involves a case where we wish to evaluate the effects of
reducing the entrainment of fish in power plant cooling towers. Assume further it
was known from technical analysis that this regulation would lead to 5%
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improvement in fishing success along rivers affected by a rule reducing fish
entrainment. If these areas have 2,000 fishers, each taking about 3 trips per
season and currently they catch 1 fish per hour, the alternative unit value transfers

would be:

Assumption Unit Value | Interpretation of | Aggregate Value

Policy

Constant Unit $0.50 5% improvement | $2.50 * 3 * 2000 =
value for a %age per trip $15,000
improvement
Constant Value $5.00 improved fishing | $5 * 3 * 2000 = $30,000
for an “improved” trips
trip
Constant Value $25° added fish caught | $25 * .05 * 1 * 3 * 2000
for an extra fish = $7,500
caught per hour
of effort

Clearly these examples deliberately leave out some important information. Trips
may be different — longer, require more travel time, or involve different features
such as different species or related activities. These added features were aspects
that were omitted in the example. It is also possible to assume that fishing
success induces existing recreationists to take more trips and people who never
took trips may start taking them after the improvement. Under each of these
possible outcomes, the sources for error in the transfer compound. Even without
such details, these simple examples illustrate how the aggregate benefit measures
differ by a factor of four. Moreover none of these adjustments take account of
any behavioral changes that might be expected in response to the example policy
(e.g. the people taking more trips or more people participating in fishing).

Two approaches can address these challenges: developing criteria and guidance
for the analyst to determine whether a value derived from a previous analysis ought to be
transferred, and creating procedures to ensure that the appropriateness of the choice of
study site(s) assumptions underlying the process for applying judgmentally-driven

screening of whether a previously-derived value is sufficiently applicable

3.3.  Criteria and Guidance.
The broad categories of criteria for evaluating the appropriateness of benefits

transfer arise from the fact that how people value preserving or altering an ecosystem
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depends on both their preferences and the nature of the biophysical system. The
similarities or differences expected in preferences are likely to depend on how close the
stakeholders in the two cases are along social and/or economic dimensions that influence
the MWTP. For example, sometimes income levels or age profiles will be relevant, as in
many cases of valuing recreational opportunities. The particular “cultural” characteristics
of the community may also be relevant. For example, where salmon are iconic species as
reflecting the entire ecosystem (e.g., Seattle), people are likely to value salmon more
highly, and are more likely to value the water quality attributes regarded as important for
preserving the salmon stock.

When the information from the study site is in functional terms (e.g., willingness
to pay as a function of income levels), socio-economic differences between the study site
and the policy site can be accommodated, if these specifications are valid When only
information of willingness to pay per unit of improvement is available, the analyst must
be sensitive to the types of differences that would render the transfer inappropriate.
However, if all the differences between the study site and the policy site are such that one
is likely to have a higher value per unit of improvement than the other, the study site can
provide either a floor or ceiling for the policy site.

The socioeconomic differences go directly to the variables likely to
influence measures for economic values, so that a functional form can accommodate the
differences (e.g., adjusting for age in the value of specific recreation opportunities), but
major biophysical differences will affect the value even if every individual in the study
case were matched by one in the policy case (e.g., the value of improving the water
quality of one small lake in Minnesota compared to Texas). Therefore the capacity to
adjust for biophysical differences is typically more limited.

3.4.  Screening Process.
This procedural approach is based on the premise that a -deliberate effort to

examine the similarities and differences between the study site(s) and the policy site, by

both EPA analysts and those providing oversight of their work, will help to flag
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problematic transfers and clarify the assumptions and limitations of the study site results.
Several procedures can be considered. One is to contact experts familiar enough with
both the previous and current contexts to determine whether to proceed with the benefits
transfer. Presumably these experts will apply the criteria that they regard as relevant,
even if the set of criteria may not be explicit. Experts knowledgeable in both the study
case and the policy case can suggest the most appropriate functional forms and unit
values. For example, Desvousges, Johnson and Banzhaf [1998] relied on expert
judgments to convert estimates of tradeoffs to avoid health related symptoms into the
implied tradeoffs expressed in terms of changes in an index of the quality of life (i.e. the
quality of well-being). Experts may also be able to suggest other existing valuations that
would be better candidates for benefits transfer. Another procedure is to make an
detailed examination of the appropriateness of the study case(s) as part of the regular
routine of the in-house review of EPA analyses using benefits transfer. Such oversight
would require the analysts to clarify the assumptions, purposes, and units of the study-
site analysis so that the in-house reviewers can judge the appropriateness of the transfer.
Analysts must also be fully transparent regarding the origin and dating of original
valuation.

More thorough cataloguing of existing valuation studies, with careful descriptions
of the characteristics and assumptions of each, would be helpful in increasing the
likelihood that the most comparable existing valuations will be identified. This is an
additional rationale for developing data bases of valuation studies. It would be highly
worthwhile to establish a web-based platform for data and models focusing on valuation
estimates. Comparable to the web sites developed and maintained for other large scale
social science research surveys such as the Panel Study on Income Dynamics (PSID) and
the Health and Retirement Study (HRS), such a web based platform could expand the
ability of Agency analysts searching for the most appropriate study cases and

supplementing these records with related data for transfers.
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4. ANALYSIS AND REPRESENTATION OF UNCERTAINTIES
IN ECOLOGICAL VALUATION

4.1. Introduction
Ecosystem valuation efforts are inevitably subject to a variety of uncertainties,

regardless of the method used. Assessments of uncertainty allow more informed
evaluations of proposed policies and comparisons among alternative policy instruments.
And unless uncertainty is taken into account and thoughtfully conveyed to decision
makers, the ultimate usefulness of assessments may be compromised. Because any given
policy may result in a range of different outcomes, decision makers must be provided
with sufficient information about what is known about the distribution of possible
outcomes so that they can take uncertainty into account in their policy choices. Whether
decision makers wish to adhere to maximizing expected utility, avoiding major risks
through a "maxi-min strategy," or some other decision principle such as the
Precautionary Principle, they have to consider the uncertainty that policy choices always
entail. The way in which uncertainties are represented should be consistent with the
decision principle being utilized. In addition, if the sources of key uncertainties are not
identified, an opportunity is lost to develop potentially important insights regarding the
design of research strategies to reduce uncertainty in future analyses.

Reflecting on the role of uncertainty in ecological valuation, three key questions
arise. First, what are the major sources of uncertainty? More specifically, what types of
uncertainty are likely to be most important with alternative valuation methods for specific
applications? Second, what methods are available to characterize and communicate
uncertainty in the results of ecological valuations? Here we are interested not only in the
formats that can be employed — such as confidence intervals, probability distributions,
and pictorial representations — but also the types of interactions between analysts and
policymakers that can be employed to convey uncertainty most effectively. A third and
final key question is associated with the types of research - data collection, improvements
in measurement, theory building, theory validation, and others - that can be pursued to
reduce uncertainty for particular sources in specific applications.
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Section 4.2 describes the major sources of uncertainty in ecosystem and
ecosystem services valuation. Section 4.3 examines the potential for uncertainty
assessment of ecological values, describing both the merits of formal quantitative
uncertainty assessments and the additional efforts that would be required for government
agencies to carry out such assessments. Section 4.4 assesses the potential value of
uncertainty assessments to the research agenda of the U.S. Environmental Protection

Agency and other researchers.

4.2.  Sources of Uncertainty in Ecological Valuations
Valuation of the benefits of proposed public policies entails three analytic tasks,

each potentially subject to uncertainty: predicting biophysical outcomes, predicting socio-
economic reactions to these outcomes, and valuing the consequences of all of these
changes. It might be tempting to limit attention to the uncertainty of valuation per se, but
the uncertainties in each of these stages of the analysis are of potential importance, and
there is no reason — on the basis of theory alone — to judge one more important than the
other a priori. Rather, the relative magnitude of the uncertainty involved in these
essential steps in the valuation process is fundamentally an empirical question.

At each of these stages, uncertainty can arise from several sources. First, there
are uncertainties involved in the statistical estimation of the parameters of the models
used in the analysis. Second, some of the physical processes might be inherently random
or stochastic. And finally, there can be uncertainty about which of several alternative
models of the process best captures the essential features of the process.”®

4.2.1 Uncertainty of Biophysical Changes and their Impacts.
At the bio-physical level any characterization of current (or past) ecological

conditions will have numerous interrelated uncertainties, and these uncertainties will be
magnified and added to by any effort to project future conditions, with or without some
postulated management action. Ecosystems are complex, dynamic over space and time,
subject to the effects of stochastic events (such as weather disturbances, drought, insect
outbreaks, fires, etc). And our knowledge of these systems is incomplete and uncertain.

Errors in projections of future states of ecosystems are thus unavoidable, and constitute a
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significant and fundamental source of uncertainty in any assessment of
ecosystems/services benefits.

While the currently available methods for dealing with uncertainty may be
sufficient for some simple evaluation problems, the valuation of changes in ecosystems
and ecosystem services raises issues not well addressed by any existing methods. For
example, at the biophysical level it is extremely difficult or completely unclear how to
calculate the uncertainty in the projection of even a single outcome or endpoint from a
complex ecological system composed of multiple interacting variables that may be
separately non-linear and collectively subject to the influence of external stochastic
events. Modeling methods, such as sensitivity analyses, may be used to estimate the
range of possible outcomes (or at least best-case, worst case extremes) for a single
endpoint, but even this approach becomes unwieldy when the outcomes relevant to the

value assessment are themselves composed of multiple interrelated variables.

4.2.2 Uncertainty of Socio-economic Reactions and their Impacts.
The second stage of valuation — predicting the socio-economic reactions to

biophysical impacts and the consequences of these reactions — is subject to the same three
sources of uncertainty. Regarding theory limitations, every social, economic or political
forecast is based on implicit or explicit theory of how the world works, represented either
by the “mental models” in the minds of the forecasters or in the formal and explicit
methods used in econometric modeling, systems dynamics modeling, etc. Theories and
their expressions as models are unavoidably incomplete, and of course may simply be

incorrect in their assumptions and specifications.

4.2.3 Uncertainty Arising from the Application of Valuation Methods.
Valuation methods per se are also subject to data and theory limitations. They

unavoidably rely on assumptions that introduce uncertainty. For example, as noted in
Part 2, different valuation methods are based on different premises about the nature and
sources of value and/or assumptions about the behaviors of people. Thus, in principle,

there is no one single correct measure of value.
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In addition, all assessments of expected consequences are about anticipated, not
experienced satisfaction those consequences might bring. To take a simple example, the
choice of a vanilla ice cream cone over chocolate is based on the anticipation that
consuming the vanilla will bring greater pleasure/satisfaction than the chocolate (and
perhaps even further that a pleasant gustatory experience will contribute toward a more
ultimate goal of improved well-being, happiness in life or self actualization). In fact
research has shown that even in relatively simple and familiar situations people err
considerably in their anticipation of the satisfaction they will attain from a given
outcome. When the values and choices at issue are about imperfectly projected changes
in ecosystems/services, where previous experience is limited and where the time horizons
are much greater, there is even less certainty in the accuracy of anticipated satisfaction.
These anticipation errors become even more problematic in the typical circumstances of
an environmental management decision, where the goals and the intended beneficiaries
are some loosely defined society, some members of which may not yet exist, and only a
small number of whom are involved in any direct way in the consideration and decision
making process. In such contexts any notion of a final and accurate assessment of the
true value of some change in ecosystems/services must be illusory. Still, people and
agencies must continue to evaluate alternatives and make decisions based on their best
estimate of what consequences will follow and how they will contribute to proximate and

ultimate goals.

4.2.4 Uncertainty in Benefits Transfer.
In addition, even if existing estimates are developed using an appropriate model,

analysts are often required to apply them to contexts that differ from those in which they
were developed. The possibility that appropriate adjustments are not made in transferring
estimates to different contexts introduces another source of uncertainty. In order to
identify the types of uncertainty most likely to be at issue for individual valuation
approaches in specific contexts, two issues are relevant: the sensitivity of an approach to
the potential sources of uncertainty listed above, and the magnitude of uncertainty
thereby generated. The consequence of data limitations can be assessed by sensitivity
analysis to determine the variation in results implied by variations in data. Vulnerability
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to theoretical limitations is more difficult to assess, but can be gauged - in some cases -

by sensitivity analysis with alternative models.

4.3.  Approaches to assessing uncertainty.
The simplest and probably most common approach to representing uncertainties is

some form of sensitivity analysis in which, typically, one parameter or model assumption
is varied at a time and point estimates are calculated. The results are considered "high" or
upper bound and "low" or lower bound estimates of the "true” value. No effort is made
to estimates the probabilities attached to the calculated values or the shape of the
distribution of values within the range. At best sensitivity analyses give only an
incomplete and potentially misleading picture of the true uncertainty of an analysis. So
other approaches should be considered.

Under the various forms of probabilistic uncertainty analysis that are increasingly
in favor in policy analysis, the tasks of assessing the uncertainty of the elements that go
into a valuation involve estimating a distribution of values arising from the combined
uncertainties of the elements of the analysis (rather than a single point estimate), and a
diagnosis of the elements that are contributing most heavily to spreading this distribution.
Given the multiple levels of elements that can add to uncertainty, the most complete

approaches will be unavoidably complex themselves.

4.3.1 Monte Carlo Analysis as an Approach to the Formal Uncertainty Assessment of
Ecological Values.

Due to the number of sources of uncertainty in many ecological valuations and

the complexity of their interactions, assessments of the extent of uncertainty that are
conducted without formal quantitative analyses are unlikely to represent accurately the
true extent of uncertainty. No sensitivity analysis or expert judgment is likely to be able
to account for the implications of all the sources of uncertainty in inputs. Therefore over
the years, the use of formal quantitative uncertainty assessment, and in particular Monte
Carlo analysis, has been shown to provide a more reliable and rich characterization of the
implications of uncertainty, and therefore has become common in a variety of fields,

including engineering, finance, and a number of scientific disciplines.
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Monte Carlo analysis has also been found to be useful in certain policy contexts.
In particular, the U.S. Environmental Protection Agency (EPA) recognized as early as
1997 that it can be an important element of risk assessments (U.S. Environmental
Protection Agency 1997). But efforts to formally quantify uncertainties rarely have been
made in the context of ecological valuations. More often, uncertainty has been addressed
qualitatively or through sensitivity analysis.

As it is unlikely that a Monte Carlo analysis will comprehensively address all
sources of uncertainty in the estimation of ecological values, the results of such an
analysis will likely understate the range of possible outcomes that could result from a
related public policy. Yet the ranges produced by such an analysis would still provide
more reliable information about the implications of known uncertainties. In turn, these
ranges can better inform judgments by policymakers as to the overall implications of
uncertainty for their decisions.

Monte Carlo analysis also provides information on the likelihood of particular
outcomes within a range. Indeed, an understanding of the likelihood of values within a
range is essential to any meaningful interpretation of that range. Without such an
understanding, inappropriate conclusions may be drawn from the presentation of a range
of possible outcomes. For example, when a range of possible ecological values is
provided, some may assume that all values within that range are equally likely to be the
ultimate outcome. But this is rarely the case. Others may assume that the distribution of
possible values is symmetric. This, too, often may not be the case.

In developing probability distributions for uncertain inputs, uncertainty from
statistical variation can often be characterized with little additional effort relative to that
needed to develop point estimates. Much of the data necessary for such characterizations
already will have been collected for the development of point estimates. Characterizing
other sources of uncertainty in inputs can require more effort.

Developments in computer performance and software over the years have
substantially reduced the amount of effort required to conduct calculations for a Monte
Carlo analysis, once input uncertainties have been characterized. Widely available

software allows the execution of Monte Carlo analysis in common spreadsheet programs
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on a desktop computer. Also, modern programming techniques allow the writing of
Monte Carlo computer programs with minimal additional effort, relative to that needed to

produce point estimates.

4.3.2 Expert Elicitation for Gauging and Conveying Uncertainty.
A host of “expert elicitation” methods can provide indications of uncertainty as

well as estimates and forecasts by the experts involved. See, for example, Morgan and
Henrion (1990) or Cleaves (1994). In its very simplest form, a single expert’s assessment
of the uncertainty of his or her estimate, forecast, or valuation can be provided, whether it
is based on implicit judgment or a more explicit approach like the Monte Carlo
technique. Policymakers can elicit more information from the expert, such as the
assumptions underlying his or her analysis or the bases for uncertainty, in order to get a
deeper understanding of the reliability of the expert’s input and the nature of the
uncertainty. However, the bulk of expert elicitation methods involve multiple experts,
who may or may not be brought into interaction with one another. Because eliciting the
input from multiple experts permits compiling and comparing their judgments, expert
elicitation can be used to assess the disagreement among experts. If the experts are of
equal credibility, such that none of the judgments can be discarded in favor of others, the
range of disagreement reflects uncertainty. That is, if top scientists express strong
divergences in their estimates, forecasts, or valuations, the existence of a high level of
uncertainty is irrefutable. However, this is an asymmetrical relationship, in that narrow
disagreement does not necessarily reflect justified certainty—the experts may all be
wrong in the same direction, which is not uncommon in light of the fact that experts are
often paying attention to the same information and operate within the same paradigm for
any given issue (Ascher & Overholt, 1984: 86-87). When experts are brought into some
form of interaction prior to providing their final conclusions (e.g., by exchanging
estimates and adapting them in reaction to what they learn from one another), the errors
due to incompleteness can be reduced. For example, biologists may be unaware of
atmospheric trends that information from atmospheric chemists could redress. However,
such interactions run the risk of “groupthink” — unjustified convergence of estimates due

to psychological or social pressures to come closer to agreement (Janis, 1982).
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For many expert elicitation methods, translation into probabilities is difficult. For
example, simple compilations of estimates (e.g., contemporaneous estimates of species
populations) from different experts will provide a table with the range of estimates, but
will not convey the degree of uncertainty that each expert would attribute to his or her
estimate. And the compilation in itself cannot generate this information. In contrast, a
compilation of estimates that come with confidence intervals could provide this

information.

4.4.  Contributions of Uncertainty Assessment in Guiding Research Initiatives
Assessments of the magnitude and sources of uncertainty can help to establish

research priorities and to inform judgments about whether policy changes should be
delayed until research reduces the degree of uncertainty associated with possible changes.
Determining whether the major source of uncertainty is in weak data, weak theory,
randomness, or inadequate methods can help to guide the decision on how to allocate
scarce resources for research, or whether further research is worth pursuing. Even
stochastic uncertainty can sometimes be addressed by initiating research that focuses on
factors previously treated as exogenous to the theories and models. For example, an
earthquake-risk model based on historical frequency will have considerable random
variation due to the exclusion of detailed analysis of fault-line dynamics; bringing fault-
line behavior into the analysis may lead to reductions in such uncertainty (Budnitz et al.
1997).

Using uncertainty analysis to guide research priorities requires, of course,
sensitivity to the feasibility of filling the gaps. Some data needs are simply too expensive
to fulfill, and some methods have intrinsic limitations that no amount of refinement will
fully overcome.

Uncertainty assessment can also provide insight into whether near-term progress
in reducing uncertainty is likely, based on its sources and the feasibility of addressing
these limitations promptly. However, it is important to avoid the pitfall of delaying

actions to address problems simply because some uncertainty remains — it always will.
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S. COMMUNICATION OF ECOLOGICAL VALUATION
INFORMATION

Three essential functions of communication in the context of valuing the

protection of ecological systems and services are:

a) communication within the valuation process itself;
b) communication of resulting values to inform decision-making; and
C) communication of the results of the valuation and decision-making

processes to stakeholders and others.

Understanding how information about values will and should be used by decision-
makers is crucial for understanding how the valuation analysis should be conducted and
its results conveyed, including how uncertainty should be conveyed.

Within the valuation process itself, how decision objectives, decision attributes,
and specific measures of values are communicated can determine the outcome of the
process. Good communication practices include the use of an analytic-deliberative
process, in which analysis and deliberation occur iteratively and interactively (NRC,
1996). The valuation process (see Figure 2) includes iterative problem definition and
description by stakeholders, to clarify what and whose values will be represented in the
valuation process. Communication of resulting values to inform decision making is
simplified to the extent that decision makers or their representatives are involved in the
process.

Recommendation: As resources permit, analytic-deliberative process, involving
iterative problem definition and description by stakeholders, should be engaged, as it will
increase the transparency, credibility and usefulness of valuation exercises.

Values, decision objectives, and decision attributes can each be defined either
qualitatively or quantitatively, and represented in a wide variety of ways. Several critical
design choices are likely to influence the effects of communicating values to parties not

involved in the valuation process, either to inform decision-making or to share results
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with other interested parties. In communicating VPESS, key choices include a) how to
describe the ecological functions, systems and services to which the valuation pertains; b)
how to express values most meaningfully - whether to quantify or use non-numerical
representation of values, use of visual and narrative strategies for each, and interactivity
and related choices regarding the medium and mode of information presentation; and c)
how to communicate uncertainty. Those choices will in turn either facilitate or hinder
specific kinds of deliberations and analyses. Finally, evaluating communications is
critical to understanding their effects and improving them.

Decision making in public policy often requires translation and/or aggregation,
from one specific context to another, or from one level of decision making (e.g., local) to
another (e.g. regional), and inevitably involves value trade-offs. Specific choices of how
to represent or communicate values will influence the ease and transparency with values
can be translated or aggregated, and with which trade-offs can be made. Values that are
quantified (e.g., monetized) may be easier to aggregate or compare than those represented
qualitatively. Use of multiple metrics is likely to complicate aggregation and

comparison.

5.1.  Describing ecological functions, systems and services
The focus of the value discussion in the National Research Council report (2001)

and SAB review of the EPA’s Draft Report on the Environment (US EPA SAB 2005)
and related literatures (e.g., Failing and Gregory, 2003) is not on dollars per se, but on
ends and decision or management objectives - that is, qualitative expressions, and a wider
variety of expressions of value - not just monetary expressions of value. In other words,
the more prevalent mode of communicating values in these studies is through narrative
and non-monetized description of attainment of management objectives.

Communicating the value of protecting ecological systems and services requires
conveying not only value information in terms of such metrics as monetized values,
rating scales, or the results of decision-aiding processes, for example, but also
information about the nature and state of the ecological systems and services to which the
value information applies. The latter can be and is often conveyed using mapped
ecological information, other visualizations including photographs and graphs, ecological

101



Straw Draft Report in Preparation for June 12-13, 2007 SAB C-VPESS Teleconferences
Do not Cite or Quote — 06/05/2007 Draft
This draft is a work in progress, does not reflect consensus advice or recommendations, has not been
reviewed or approved by the chartered SAB, and does not represent EPA policy.

indicators, and narratives. Integrated models with a geospatial interface are another
approach to depicting the state of ecological systems and services. To the extent that
these can be made interactive, they will allow sensitivity analysis and may be more
effective as communication tools. The US EPA Science Advisory Board has proposed
this kind of framework for reporting on the condition of ecological resources (US EPA
Science Advisory Board, 2004). EPA’s Draft Report on the Environment (EPA, 2002)
and Regional Environmental Monitoring and Assessment Program reports illustrate a
range of representational approaches.

Recommendation: Use GIS and interactive geospatial information systems
integrated with other ecological models where feasible, to represent the state of
ecological systems and services. Consider best cartographic principles and practices
(Brenner, ????; MacEachren, 1995).

It is critical to communicate ecological processes as well as static information or
states. The EPA Science Advisory Board review of EPA’s Draft Report on the
Environment (US EPA SAB 2005) and several other reports (e.g., Schiller et al., 2001;
Carpenter et al., 1999; Janssen and Carpenter, 1999) make the point that people need to
understand the underlying causal processes, to understand how ecological changes affect
things they value (e.g., ecological services).

Related issues of scale and aggregation are also important. Both the NRC report
(2001) and the SAB review of the EPA’s Draft Report on the Environment (US EPA
SAB 2005) emphasize the importance of using regional and local indicators - of not
aggregating information data to the point where it obscures critical ecological threats or
problems. In general, allowing sensitivity analysis on disaggregated data is desirable, if
the data are aggregated at a regional or higher level. The SAB states that “some
environmental changes are best understood by considering regional impacts” (EPA SAB,
2003). Further, while some authors recommend simple summary indicators (e.g., Schiller
et al., 2001; Failing and Gregory, 2003); others emphasize disaggregating indicators (US
EPA SAB 2003).
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Reporting on the nature, state of and changes in ecological systems and services is
a key component of value elicitation and communication, but needs to be married with

equal consideration of how to convey the value of protecting them.

5.2.  Communicating values meaningfully
Communicating values is complicated by the likely disconnect between popular

and other uses of the term “values” and what economists in particular mean by the term.
Variously described by sociologists and social psychologists as beliefs, goals, or even
cultural imperatives, stable sets of values (e.g., benevolence, self-direction, security,
hedonism and others) have been identified across cultures, although values vary with
history and culture (Hitlin and Piliavin, 2004). Conservation versus openness to change,
and self-enhancement versus self-transcendence are two dimensions identified as
underlying values (Schwartz, 1994). Values are sometimes conflated with attitudes
(which are positive or negative evaluations of an object), traits (which are enduring
attributes of personality), norms (which are situation specific) or needs (which are
biophysical influences on behavior) (Hitlin and Piliavin, 2004). All of these concepts are
embraced by Table 1, but differ from the sense in which economists use the term value,
although attitude appears to come closest.

Value elicitation includes contingent valuation and attitude judgments (generally
on rating scales, but also using ranking tasks). It also includes qualitative expressions
and narrative expressions of value, defined by the identification of associated ends, and
the means to achieve those ends.

As discussed in Appendix B, context and framing can have some influence on
how people rank, rate and estimate values (Hitlin and Piliavin, 2004; Horowitz and
McConnell, 2002), as well as the interpretation of all kinds of value-related information
(add Slovic and other references). Decision makers and others come with their own prior
beliefs and attitudes, of which communicators should be aware (Morgan et al, 2002). To
support decisions effectively, it is critical that communications be designed to address the
recipient’s goals and prior beliefs, taking into account likely context and presentation

effects. For example, linear graphs are likely to convey trends more effectively than
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tables of numbers (Shah and Miyake, 2005), and text that incorporates headers and other

reader-friendly attributes will be more effective than text that doesn’t (Shriver).

5.3. What we know about perception and use of value measures.
As summarized elsewhere in the report, value measures are required or useful in a

variety of regulatory and non-regulatory policy contexts, ranging from local government
assessment and prioritization of environmental actions, to educational outreach, to federal
assessment of agency programs. In some cases monetization is required, whereas in
others (e.g., educational outreach by regional partnerships), narratives and visual
representations of values appear to play an important role. There is little direct evidence
about how such value measures are perceived, although there is considerable indirect
evidence regarding their use. For example, measures that are not quantified and
monetized in regulatory impact analyses appear unlikely to be fully considered or used in
cost-benefit jJudgments. In contrast, participative decision making exercises can and do
use ecological indicators as a basis for prioritizing and trading off actions to protection
ecological systems and services, without monetization as has been done by NatureServe.

(ref from Denny, recent state exercises).
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Table 4: Table of Examples of Measures from Different Ecological Valuations Discussed in this Report
[To be completed with values from current draft]

VALUE

MEASURE

Characteristics

Context/Use

Reference

Communication

Avoided
decrease in crop
harvest

Avoided 7.5% decrease in
crop harvest from UV-b
radiation by 2075

Quantified

Context/Use:
Regulatory Impact

Analysis: Protection of

Stratospheric Ozone
Reference:

Table 7-9, Quantified and
Unquantified Ecological and
Welfare Effects of Title VI
Provisions, page 96 of
http://www.epa.gov/air/sect812
/1990-2010/fullrept.pdf

Structured narrative

Unquantified [List of benefits:] Unquantified measure, Regulatory Impact Table 7-9, Quantified and Unstructured
ecological . recreational fishing descriptive Analysis: Protection of | Unquantified Ecological and list/narrative
benefits . forests Stratospheric Ozone Welfare Effects of

. marine ecosystem and Title VI Provisions, page 96 of

fish harvests http://www.epa.gov/air/sect812

. avoided sea level rise, /1990-2010/fullrept.pdf

including avoided beach

erosion, loss of coastal

wetlands, salinity of

estuaries and aquifers

. other crops

. other plant species

. fish harvests
Freshwater (in millions of 1990%) Monetized ecological Regulatory Impact Tables 7-8 and 7-10, pp 91-92 Dollars, used in
acidification range of $12 to $88 for benefit. Captures only Analysis and 97 in calculations of
from wulfur and | 2010; central recreational fishing impact http://www.epa.gov/air/sect812 | benefits
nitrogen estimate for 2010 is $50; regionally (incomplete /1990-2010/fullrept.pdf
oxides $260 cumulative estimate | geographic coverage),
regionally, in 1990-2010. based on an economic

the Adirondacks

model of recreational
fishing behavior.
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5.4.  Guidelines for design choices: audience assessment, user needs, and visual
and interactive communication strategies

The potential interested parties for ecological values include community
members, policy makers, and scientists, especially environmental policy scientists. There
is likely a broad public audience interested in better understanding the value of protecting
ecological systems and services, but also an intermediate group of those who would use
data and models, who through their analyses and activities serve as important mediators
for this kind of information. They will need to access technical details and models, as

well as resulting value estimates.

Effective values communication requires systematically supporting interactions
with interested parties, the character of which will differ depending on the technical
expertise and focus of the interested parties. In general, interactive (participative)
processes are critical for improving understanding, although messages or reports (such as
EPA’s Draft Report on the Environment) are also important, especially in the context of

assessment.

Recommendation: EPA should develop an empirical analysis of the users of

valuation and adapt valuation communications to their needs.

End-user engagement is itself an example of a participative process, in that it
involves stakeholders in the valuation enterprise. End-user engagement requires due
consideration of such issues as sampling and representation. Stakeholders are likely to
vary considerably in their interests, abilities, and resources such as time or access to
experts who can answer technical questions. While verbal quantifiers (e.g., “many” or
“very likely”) are often proposed as a way of making technical information more
accessible, the wide variability with which these are interpreted (Budescu and Wallsten,

1995) makes it critical to make the underlying numerical information readily available.

Appropriate use of graphical and visual approaches including geographic
information systems can aid interpretation of quantitative information. MacEachren
(1995) emphasizes the function of visualization in facilitating viewers’ new and

surprising insights.

Interactive communications are likely to be more effective in many circumstances
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than static displays. They allow users to manipulate the data or representations of the
data — e.g., with sliders on interactive simulations. Interactive visualization has the
potential to allow users to tailor displays to reflect their individual differences and
questions. Even with exactly the same presentation, because of differences in educational
or cultural background, and different intellectual abilities, people’s understandings of
presentation content vary. Interactive exploration tools give the audience a chance to
investigate freely the part that they are either interested in or about which they still have

questions.

As argued by Strecher, Greenwood, Wang, & Dumont, (1999), the advantage of
interactivity lies in: a) allowance for active, instead of passive, participation of audience;
b) the ability to tailor information for individual users; c) the ability to assist the
assessment process; and d) the ability to visualize possible risks under different
hypothesized conditions ( allow users to ask “what if” questions). Interactivity is a good
solution if users could be overwhelmed by the complexity of the visualization (Cliburn,
Feddema, Miller, & Slocum, 2002). However, interactive visualization poses challenges
as well. Interactivity is necessitated and challenged at the same time by 3-D
visualization, which has become increasingly popular in visualization practice

(Encarnacao et al. 1994),.

Recommendation: Support interactive exploration tools in valuation

representations and communications, where feasible.

Finally, fundamental guidelines for risk and technical communication are
generally applicable to values communication. Two examples of such guidelines are the
communication principles from EPA’s Risk Characterization Handbook (2000) and
Guidelines for effective websites from Spyridakis (2000). The Risk Characterization

handbook principles include transparency, clarity, consistency and reasonableness.

Recommendation: Follow demonstrably effective basic practices for risk and

technical communication.

5.5. Communicating Uncertainty in Ecological Valuations
In order to assess how much confidence to attribute to the projections involved in

the valuation, decision makers must also be informed about the analyst’s own judgment
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of the uncertainty of the valuation and its prior steps, and the assumptions underlying the
valuation analysis. Making decision makers aware of these assumptions is also important
because decision makers often have to explain and justify their decisions by clarifying the

assumptions driving the analysis.

In order to convey to policy makers the degree of uncertainty in an ecological
valuation, the simplest expressions - whether quantitative (measures of dispersion, such
as variance) or qualitative (such terms as "likely," "very likely," etc.) - are typically
inadequate. Analysts can specify the central tendency of an estimate (mean or median
value, as appropriate) plus a confidence interval (for example, the 95% confidence
interval), but in some cases this may require possibly arbitrary judgments on the part of
the analyst (Moss & Schneider 2000). Furthermore, providing policy makers with such
ranges of results can be highly misleading, because those without training in probability
and statistics may be likely to assume - in effect - that the probability distribution of
values between the end-points is uniform, which is rarely, if ever, the case. Sensitivity
analysis can help in this regard, although what is really needed is a description - verbal or
pictorial - of the full probability distribution.

Institutional obstacles to conveying uncertainty may be related to the
understandable reluctance of analysts to expose themselves and their work to the risk of
appearing to be lacking in rigor. Analysts may thus have an unfortunate incentive to
exclude or otherwise downplay components of their analyses that they fear may
jeopardize the credibility of their overall effort. Suppressing less certain information runs
counter to the need for transparency and the reality that all estimates have some degree of

uncertainty (Arrow et al. 1996).

Historically, efforts to address uncertainty in ecological valuations - and more
broadly, in benefit assessments that are part of Regulatory Impact Analyses (RIAS) - have
been limited. But guidance set forth in the U.S. Office of Management and Budget's
(OMB) Circular A-4 on Regulatory Analysis in 2003 has the potential to enhance the
information provided in RIAs regarding uncertainty.

In the past, point estimates have been given far greater prominence in RIAs and

other government valuations than discussions of uncertainty associated with them.
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Uncertainty assessments are often relegated to appendices and discussed in a manner that
makes it difficult for readers to discern their significance. This is perhaps inevitable given
that single point estimates can be communicated more easily than lengthy qualitative
assessments of uncertainty or a series of sensitivity analyses. The ability of Monte Carlo
analysis to produce quantitative probability distributions provides a means of
summarizing uncertainty that can be communicated nearly as concisely as point
estimates. The need for and means of communicating uncertainty in such a fashion has
been addressed in the existing literature. If a summary of uncertainty in an estimate is
not given prominence relative to the estimate itself, context for interpreting the estimate

and opportunities to learn from uncertainty associated with it may be lost.

Some resistance to the use of formal uncertainty assessments such as through
Monte Carlo analysis and prominent presentation of the results may be due to the
perception that such analysis requires more expert judgment and therefore makes the
results presented more speculative. Also, some might argue that, given the inevitably
incomplete nature of any uncertainty analysis, prominently presenting its results would
incorrectly lead readers to conclude that results of an ecological valuation are more
certain than they are. Both concerns seem to be unfounded. First, as described above,
developing characterizations of uncertainty (such as for inputs in