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Ecosystem Services Valuation to Support Decisionmaking
on Public Lands—A Case Study of the San Pedro River

Watershed, Arizona

By Kenneth J. Bagstad, Darius Semmens, Rob Winthrop, Delilah Jaworski, and Joel Larson

Executive Summary

Overview and Findings

This report details the findings of the Bureau of Land
Management (BLM)-U.S. Geological Survey (USGS)
Ecosystem Services Valuation Pilot Study. This project evalu-
ated alternative methods and tools that quantify and value
ecosystem services, and it assessed the tools’ readiness for use
in BLM’s decisionmaking process. We tested these tools on
the San Pedro River watershed in northern Sonora, Mexico
and southeast Arizona. The study area includes BLM-managed
San Pedro Riparian National Conservation Area, which has been
a focal point for conservation activities and scientific research in
recent decades. We applied past site-specific primary valuation
studies, value transfer, the Wildlife Habitat Benefits Estimation
Toolkit, and the Integrated Valuation of Ecosystem Services and
Tradeoffs (InVEST) and Artificial Intelligence for Ecosystem
Services (ARIES) models to value locally important ecosystem
services for the San Pedro River watershed—water, carbon,
biodiversity, and cultural values. We tested these approaches
on a series of scenarios to evaluate ecosystem service changes
and the ability of the tools to accommodate scenarios. A suite
of additional tools were either at too early a stage of develop-
ment to run, were proprietary, or were place-specific tools
inappropriate for application to the San Pedro River watershed.
We described the strengths and weaknesses of these additional
ecosystem service tools against a series of evaluative criteria
related to their usefulness for BLM decisionmaking.

Using these tools, we quantified gains or losses of
ecosystem services under three categories of scenarios: urban
growth, mesquite management, and water augmentation
(table 1). These results quantify tradeoffs and could be useful
for decisionmaking within BLM district or field offices. Results
are accompanied by a relatively high level of uncertainty

Table 1.
of Arizona and Sonora, Mexico.

associated with model outputs, valuation methods, and discount
rates applied. Further guidance on representing uncertainty and
applying uncertain results in decisionmaking would benefit both
tool developers and BLM offices in using ecosystem services
to compare management tradeoffs. Decisionmakers and BLM
managers at the State-, district-, and field- office level would
also benefit from continuing model improvements, training, and
guidance on tool use that can be provided by USGS, BLM, and
the Department of the Interior.

Tradeoffs were identified in the level of effort needed
to parameterize and run tools and the amount and quality of
information they provide to the decision process. We found
the Wildlife Habitat Benefits Estimation Toolkit, Ecosystem
Services Review, and United Nations Environment Programme—
World Conservation Monitoring Centre Ecosystem Services
Toolkit to be immediately feasible for application by BLM,
given proper guidance on their use. It is also feasible for BLM
to use the INVEST model, but in early 2012 the process of
parameterizing the model required resources and expertise that
are unlikely to be available in most BLM district or field offices.
Application of past primary valuation is feasible, but developing
new primary-valuation studies is too time consuming for regular
application. Value transfer approaches (aside from the Wildlife
Habitat Benefits Estimation Toolkit) are best applied carefully
on the basis of guidelines described in this report, to reduce
transfer error. The ARIES model can provide useful information
in regions modeled in the past (Arizona, California, Colorado,
and Washington), but it lacks some features that will improve
its usability, such as a generalized model that could be applied
anywhere in the United States. Eleven other tools described in
this report could become useful as the tools more fully develop,
in high-profile cases for which additional resources are avail-
able for tool application or in case-study regions where place-
specific models have already been developed.

Gains and losses in ecosystem services modeled under three scenario categories, San Pedro River watershed, States

Scenario Carbon sequestration Water supply Biodiversity Aesthetic Proximity to Recreation
and storage (habitat quality) viewsheds open space
Urban growth Loss Loss Loss Gain Gain Loss.
Mesquite management Loss Gain Gain
Water augmentation Gain.
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To improve the value of these tools in decisionmaking,
we suggest scientific needs that agencies such as USGS can
help meet—for instance, development and support of data
archives. Such archives could greatly reduce resource needs
and improve the reliability and consistency of results. Given
the rapid state of evolution in the field, periodic follow-up
studies on ecosystem services tools would help to ensure that
BLM and other public land management agencies are kept up
to date on new tools and features that bring ecosystem services
closer to readiness for use in regular decisionmaking.

Rationale

Ecosystem service valuation has been a subject of
academic interest for decades, but it has only recently
matured to the point where it is beginning to inform policy-
making (Salzman, 2005; Ruhl and others, 2007; Daily and
others, 2009). Spurred by growing demand for more sophis-
ticated analysis of the social and economic consequences of
land-management decisions, BLM launched a pilot project with
USGS to assess the usefulness and feasibility of ecosystem
service valuation as an input to decisionmaking. The project
analyzed ecosystem services in the entire San Pedro River
watershed—not just BLM-managed portion—to more fully
consider complex social and ecological relationships that
transcend administrative divisions.

“Ecosystem services” are the benefits that nature provides
to humans. Ecosystem services are essential for meeting basic
human needs (for example, clean drinking water), including
support for psychological well-being (for example, aesthetic
enjoyment). Services are commonly subdivided according
to the type of benefit provided. The Millennium Ecosystem
Assessment, perhaps the best-known ecosystem services clas-
sification, divides services into four categories (Millennium
Ecosystem Assessment, 2005):

1. Provisioning services (for example, water, timber,
other raw materials)

2. Regulating services (for example, flood regulation or
carbon sequestration, which supports climate regulation).

3. Cultural services (for example, recreational and
spiritual uses)

4. Supporting services (for example, nutrient cycling,
biodiversity, net primary productivity).

Ecosystems are commonly studied in biophysical terms;
ecosystem service valuation is meant to add to, not substi-
tute for, existing methods of analysis. Economic valuation
of ecosystem services improves decisionmakers’ ability to
compare commodity and noncommodity uses of the land.
BLM commonly analyses the economic impact of alternative
resource-management scenarios on income and employment.
However, outside of well-studied services such as recreation,
it is much less common for BLM’s economic analyses to

consider the value of goods and services not traded in markets
(nonmarket goods and services, including most ecosystem
services). These nonmarket goods and services are typically
the opportunity cost of resource extraction, and their quan-
tification can more fully show the costs and benefits of such
decisions. The public is increasingly demanding more inclu-
sive economic analyses that encompass nonmarket values,
and ecosystem service valuation is a substantial component
of such analyses.

The perceived difficulty of conducting credible, repli-
cable, and legally defensible ecosystem service valuation has
limited its use among Federal agencies. One of the central
aims of this pilot study was to evaluate the feasibility of con-
ducting ecosystem service valuation given the limited capacity
at BLM offices, particularly district and field offices. With
this charge, we evaluated numerous valuation methods and
tools to determine which are capable of providing defensible
ecosystem service values without requiring resources beyond
the reach of BLM.

Along with assessing the feasibility of conducting
ecosystem service valuation, we were equally concerned with
its relevance to BLM’s district and field office managers, the
primary potential consumers of value information. Ecosystem
service valuation is useful only if it improves the ability to
identify the tradeoffs between alternative management actions
facing decisionmakers. From the outset of the project, Gila
District and San Pedro Riparian National Conservation Area
managers and staff were involved with defining the direction
of the analysis.

Introduction

Description and Goals of This Project

The Bureau of Land Management (BLM)-U.S. Geological
Survey (USGS) Ecosystem Services Valuation Pilot study was
conceived to assess the usefulness of ecosystem service valua-
tion to BLM’’s resource-management decisionmaking process.
A relatively large body of research identifies ecosystem services
(the benefits that ecosystems and their structure and processes
provide to humans) (Millennium Ecosystem Assessment,

2005), studies the ecological processes that underlie ecosystem
services, and values certain services. However, the development
of methods and tools that integrate ecology, economics, and
geography to support decisionmaking is a much more recent
phenomenon (Ruhl and others, 2007; Daily and others, 2009).

The purpose of the pilot study described in this report
was twofold. First, we sought to determine which, if any,
methods for valuing ecosystems are ripe for operational use
by BLM. Second, we explored the usefulness of an ecosystem
service valuation framework to BLM’s land and resource deci-
sions. Although BLM commissioned this study and we discuss
results in the context of BLM decisionmaking, we expect



that our results will be relevant to other resource managers
interested in bringing ecosystem services into various
decisionmaking processes.

BLM manages some 245 million acres, primarily in the
Western United States, and 700 million acres of subsurface
mineral estate. BLM’s multiple-use mission requires that
it find an appropriate balance between nonextractive uses
such as habitat conservation, recreation, and archaeological
heritage protection, and the extractive use of resources such
as timber, oil and gas, coal, uranium, and other minerals.
Decisions that allocate lands and resources among these uses
are made through the development of resource management
plans (RMPs) and the analysis of proposed projects through
environmental impact statements (EISs) and environmental
assessments (EAs).

RMPs set overall land use allocations for a given man-
agement area, normally a field office, which usually covers
several million acres. Within that framework, EISs and EAs
identify the benefits and harms, both environmental and social,
of proposed projects and alternative actions. Because BLM’s
planning decisions generally have consequences beyond
BLM-administered lands, the analyses provided in RMPs—
potentially including information on ecosystem services—
are also used by State and local governments and other
stakeholders. Two Federal laws have a particularly important
role in guiding BLM’s plan development and project assess-
ment: the Federal Land Policy and Management Act (FLPMA)
and the National Environmental Policy Act (Bureau of Land
Management, 2005).

FLPMA declares that “the national interest will be best
realized if the public lands and their resources are periodically
and systematically inventoried and their present and future
use is projected through a land use planning process coordi-
nated with other Federal and State planning efforts” (FLPMA
Sec. 102 [43 U.S.C 1701] (a)(2)). Several of its planning
requirements are relevant for the consideration of ecosystem
service values—specifically, that RMPs shall

(1) wuse and observe the principles of multiple use
and sustained yield . . . ;

(2) use a systematic interdisciplinary approach to
achieve integrated consideration of physical,
biological, economic, and other sciences;

(3) give priority to the designation and protection
of areas of critical environmental concern;

(4) rely, to the extent it is available, on the inventory of
the public lands, their resources, and other values;

(5) consider present and potential uses of the public lands;

(6) consider the relative scarcity of the values
involved . . . ; [and]

(7) weigh long-term benefits to the public against short-
term benefits (FLPMA Sec. 202 [43 U.S.C 1712] (c)).
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The National Environmental Policy Act (NEPA) estab-
lished a landmark national environmental policy that encour-
ages environmental protection and informed decisionmaking.
It provides the means to carry out these goals by

» mandating that every Federal agency prepare a
detailed statement of the effects of “major Federal
actions significantly affecting the quality of the
human environment,”

* establishing the need for agencies to consider
alternatives to those actions, and

* requiring the use of an interdisciplinary process in
developing alternatives and analyzing environmental
effects (Bureau of Land Management, 2008: 1).

Although the analysis of ecosystem services is appropri-
ate for inclusion in NEPA documents, to date (early 2012)
they have rarely contained such analyses, with the excep-
tion of historically well-quantified nonmarket values such as
recreation (Ruhl and others, 2007). Indeed, the act’s focus on
socioeconomic and environmental effects makes ecosystem
services a potentially powerful integrating factor to consider in
EAs and EISs. The limitation of requiring ecosystem services
analysis within NEPA documents lies in the nascent state of
the science of ecosystem services. Without tools and standards
for measuring, quantifying, and valuing ecosystem services,
Federal agencies, the private sector, and the general public
are unlikely to support incorporation of ecosystem services
into NEPA or other decisionmaking processes. The recent
emergence of tools designed to support such decisionmaking
offers initial insight into how services could be measured and
compared for such decisionmaking processes.

Because BLM manages land for multiple uses, information
to better inform managers about tradeoffs between commodities
production and ecosystem services could be particularly
useful. Commodities are derived from ecosystem structure
and have economic values that can be relatively easily mon-
etized. Ecosystem structure, in conjunction with the ecosystem
processes it supports, generates ecosystem services that are non-
excludible or nonrival, making it difficult to clearly understand
their economic value (Excludability is a legal characteristic that
limits access to a good to those able to pay for it—for example,
nonexcludible goods can be made excludible by introducing
access fees to a park or emissions fees for the release of pollut-
ants. Rivalness is a physical characteristic of a good that limits
its use to one user or user group—for example, the consump-
tive use of water or other resources is rival, while water use
for recreation is nonrival. (Samuelson, 1954)). As a result,
commodities or ecosystem goods may be overconsumed at the
expense of ecosystem services. This overconsumption has been
termed the “tragedy of ecosystem services” (Lant and others,
2008) or the “macroallocation problem” between ecosystem
structure and function (Farley, 2008). By understanding,
mapping, and valuing ecosystem services, BLM can better
manage this tradeoff, a goal that directly addresses the multiple
use—sustained yield mandate set forth in FLPMA.
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Incorporating ecosystem services into decisionmaking
offers several potential advantages to BLM and other land
managers charged with achieving a sustainable, equitable, and
efficient allocation of goods and services to the public. Incor-
porating ecosystem services into BLM decisionmaking offers
the potential for users to

 Better understand how ecosystem service benefits
accrue to private land from adjacent public land, and
the reverse.

 Evaluate tradeoffs in development and resource-
management decisions.

* Identify management discrepancies between jurisdic-
tions, in cases in which a set of activities in one area
affects neighboring jurisdictional units.

* Better differentiate categories of beneficiaries and
stakeholders associated with management decisions
and thus more effectively analyze their impacts.

* Reduce the incommensurability of costs and benefits
when management tradeoffs are considered.

* Increase the scale of analysis by identifying cases
where management activities have positive or negative
effects beyond the boundaries of a BLM unit.

* Increase BLM’s responsibility and responsiveness in
providing market and nonmarket goods to state and
local communities and stakeholders.

This pilot study is intended to guide BLM at national,
State, district, and field offices concerning the current readi-
ness of ecosystem service valuation methods and tools. It
does not support a particular set of management decisions
for the San Pedro River watershed or elsewhere. Although this
study assessed year 2000 conditions and a series of scenarios
for that watershed, results are intended as proof-of-concept
for the methods used and are not at this point intended to
guide management.

San Pedro Riparian National Conservation Area
(SPRNCA) and Gila District managers and stakeholders
identified a number of resource-management issues relevant
to the San Pedro River watershed whose connection to and
effect on ecosystem services could be further explored (table
2). Ecological and socioeconomic effects, appropriate valua-
tion methods, and effects on specific stakeholders could then
be identified (van Beukering and others, 2003). Potential
ecosystem service effects of a specific management deci-
sion, mesquite management, with the intent of restoring
native grassland, illustrate the linkages between management
actions and potential changes in ecosystem services (table 3).
Although this study did not precisely value and model changes
to all of these services, it shows how a range of potential
effects and affected parties can be identified by using an
ecosystem services approach.

Links to Strategic Goals of Arizona Bureau
of Land Management

The project estimated values for four ecosystem services.
In determining which services to evaluate, the project team
considered the link between the ecosystem services and
Arizona BLM’s strategic goals . Ecosystem services evaluated
were (1) water (valued for drinking, irrigation, and recreation),
(2) biodiversity (supporting, for example, birding, hunting,
and wildlife viewing, (3) carbon sequestration and storage, and
(4) cultural values (such as spiritual and aesthetic uses). These
services link to BLM Arizona State priorities such as healthy
watersheds, intact habitats, habitat stabilization, climate,
working landscapes, heritage resources, and recreation (fig. 1).
We intend for the results of this study to help BLM’s Arizona
State, district, and field offices analyze their effectiveness
at meeting their strategic goals and to identify opportunities
for improvement.

In this project, we considered ecosystem services
throughout the San Pedro River watershed, not just BLM-
managed San Pedro Riparian National Conservation Area.
External stakeholders, therefore, were critical to the success
of the project. We engaged more than 40 external participants
from government, academic, and nonprofit organizations.

The contributions of these participants ranged from help in
collecting data and running models to project scoping and
dissemination of results.

Literature Review

The SPRNCA differs from most BLM units in the large
amount and diversity of background research available to
support decisionmaking. The watershed has been extensively
researched in the fields of ecology, hydrology, geomorphology,
economics and, increasingly, as an area of focus for inter-
disciplinary and transdisciplinary research. Hydrologic
research at the Walnut Gulch Experimental watershed began
in the 1950s (Moran and others, 2008), and work to integrate
ecology, hydrology, and other fields dates back nearly two
decades. (See appendix E, an annotated bibliography of
ecological and economic studies reviewed for this study.)

Ecosystem Services Analyzed

On the basis of stakeholder discussions at the project
kickoff meeting held in Tucson, Ariz., in January 2010, broad
categories of ecosystem services of interest were identified for
the San Pedro River watershed. Participants sought to specify
concrete economic benefits and beneficiaries relevant to these
broad classes of ecosystem services, as described below for
each broad group of services. Ecological “endpoints”—the
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Table 2. Management issues on the San Pedro River watershed, States of Arizona and Sonora, Mexico,
as identified by managers and stakeholders.

Management issues

Broad Specific
Water Water quality.
Water quantity.
Surface and groundwater flows from Mexico: quality and quantity.
Biodiversity Nonnative species.
Threatened and endangered species recovery.
Preserving biodiversity.
Cultural Cultural site protection (for example, Murray Springs Clovis site).

International border

Rural character and lifestyle.
American Indian treaty and trust responsibilities.

Undocumented immigrants.

Border safety.
Recreation Managing recreational demand.
Hunting and game management.
Multiple-use demand.
Ecological process management Soil conservation.

Growth and change

Grassland preservation and erosion control.
Forage and range provision.

Wildfire management.

Habitat connectivity and corridors.

Climate change.
Urban growth.

Preservation of baseline conditions ~ Air quality maintenance or improvement.

Preserving natural soundscapes.

Preservation of night sky conditions.

Preservation of electromagnetic spectrum (Ft. Huachuca).
Aesthetics.

Migration.

Ft. Huachuca’s viability.

Table 3. Potential effects of mesquite management and native grassland restoration on ecosystem services, San Pedro River

watershed, Arizona.

Ecosystem service

Aspect potentially affected

Hydrology

Bird species

Forage

Aesthetics

Carbon sequestration and storage
Firewood

Raw materials

Recreation

Trust responsibilities
Migration support

For domestic use, agriculture, mining, habitat and recreation.

Habitat and recreation, nonuse value, migration support.

Beef, game.

Open-space proximity, viewsheds.

Changes in carbon pools and uptake rates.

Quantities for various user groups.

Wood for bowl and furniture making.

Wildlife viewing, maintenance of microclimates, surface water, cultural features, access (trails, roads,
protected status, wilderness areas).

Nonuse value.

Maintenance of ecosystem services in distant areas based on species migration.
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Figure 1. Strategic goals of Arizona Bureau of Land Management.

concrete biophysical attributes related to each ecosystem
service that can be recognized by the general public as related
to key ecosystem services (Boyd, 2007; Boyd and Banzhaf,
2007)—can be further described (table 4). Although no new
primary valuation research resulted from this study, providing
the public with estimates of change in these easily understand-
able endpoints is important for supporting primary valuation
studies. These endpoints are also usually relevant as data
inputs to economic models and other social evaluations.

Water

Water within the San Pedro River watershed is used for
domestic supply, irrigation, and mining, and it also supports
upland and riparian ecosystems that themselves provide a
variety of ecosystem services (Stromberg and Tellman, 2009).
We do not explicitly consider the provision of ecosystem water
needs as an ecosystem service, because it lacks direct human
beneficiaries, even though it underpins recreational, cultural,
and other values.

Drinking water in the San Pedro River watershed is
entirely drawn from groundwater. While some wells near
the river draw from the riparian aquifer, particularly in the
more sparsely settled Lower San Pedro watershed, wells in
the more extensively developed Upper San Pedro watershed
largely draw from the regional aquifer (the Upper and Lower
watersheds are divided by a geologic constriction located
north of Benson and known as “The Narrows”). Drinking
water can be valued by using market rates, replacement costs
for water augmentation alternatives (Bureau of Reclamation,
2007), or willingness to pay (WTP) for improved water quality
and quantity (Piper and Martin, 1997). Agricultural water use
has been declining in recent decades within the San Pedro
River watershed, and irrigated agriculture was retired with
establishment of the SPRNCA in 1988 and with The Nature
Conservancy’s purchases of water rights beginning in 2000
and continuing at the writing of this report (2012) to support
in-stream flows on the Lower San Pedro River. The low profit-
ability of alfalfa, the major irrigated crop in the region, also
contributed to this decline. However, two small agricultural
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communities downstream of the SPRNCA, St. David and
Pomerene (fig. 2), maintain seasonal surface water diversions
for agricultural irrigation. Although major copper mines in
Bisbee and San Manuel have closed in recent decades, water is
still used for copper mining in Cananea, Sonora, and upstream
of the San Pedro’s confluence with the Gila River, where it is
exported to nearby mining and smelting facilities in Hayden,
Winkelman, and Ray, just outside the watershed (Katz and
others, 2009).

Carbon

Carbon that is sequestered (added to soil and vegeta-
tion, typically measured on an annual basis as tons of carbon
per acre per year) or stored (in vegetation and soils in tons of
carbon per acre) can be valued by using carbon markets or
estimates of the social cost of carbon (Tol, 2008; Ackerman
and Stanton, 2012). Given the immature state of carbon
markets and the fact that market caps are not tied to ecological
thresholds for climate change, market prices are less appropri-
ate than the social cost of carbon in estimating the value of
carbon sequestration and storage. Data from past studies of
carbon sequestration and storage in southwestern ecosystems
(Schlessinger, 1982; Kaye and others, 2008; Schlessinger and
others, 2009) were used to parameterize or calibrate carbon
sequestration and storage models.

Biodiversity

Biodiversity is not in itself typically considered an eco-
system service, as direct anthropocentric value must be derived
from it in order to qualify as such (for example, the Millennium
Ecosystem Assessment (2005) considers biodiversity to be
a supporting service). In the San Pedro River watershed,
biodiversity supports key recreational activities such as bird
watching, wildlife viewing, and hunting.

The economic value of birding is well established in
the San Pedro River watershed (Orr and Colby, 2002; Colby
and Orr, 2005; Brookshire and others, 2010), so valuation
can rely on these primary economic studies. Hunting data
are maintained by the Arizona Game and Fish Department
(2009). Hunting is relatively limited in the SPRNCA, although
it is important in other parts of the watershed. Deer, quail,
javelina, and doves are some of the primary species of interest
to hunters in the San Pedro area. Wildlife viewing is impor-
tant for many visitors to the San Pedro area, although no
specific studies have isolated the effect of wildlife viewing on
visitor experiences.

Resource management agencies such as BLM also are
responsible for protecting threatened and endangered species.
Legal requirements related to the Endangered Species Act are
commonly cited as evidence of public preferences for pro-
tecting threatened and endangered species (Engelmann and
others, 2004). Spending on recovery is not a direct measure

of consumer surplus (the price paid for a good subtracted
from consumers’ WTP for that good, taken as the traditional
economic measure of utility or benefit derived from con-
sumption of that good), and much of the public views it as a
cost, rather than as evidence of a social benefit. However, the
goals and provisions of this act do, in a blunt way, signal the
American public’s desire for species protection. Public inter-
est, WTP, and actual funding levels for species recovery are
typically greater for “charismatic” species—particularly large
mammals and birds—and lower for fish, invertebrates, and
plants (Richardson and Loomis, 2009).

Cultural Services

The economic value of several cultural services, defined
by the Millennium Ecosystem Assessment (2005) as “non-
material benefits people obtain through spiritual enrichment,
cognitive development, reflection, recreation, and aesthetic
experiences,” has been estimated for the San Pedro River
watershed and nearby regions, providing the basis for direct
valuation, value transfer, and modeling. Recreational values
derived from biodiversity—birding, hunting, and wildlife
viewing—are described in the previous section. Additionally,
Weber and Berrens (2006) described the value of wilder-
ness recreation in Aravaipa Creek. These values could be
applied to other wilderness areas in the San Pedro region,
such as Redfield Canyon (located within the Muleshoe Ranch
Cooperative Management Area (fig. 3)), using value transfer.

Aesthetic values are typically revealed by increased
property values of homes and other real estate near open space
or with access to high-quality views. Given the population
projections for Cochise County, in which the San Pedro River
watershed is located, viewsheds and open-space distribu-
tion could change markedly depending on whether future
development patterns are clustered or dispersed (Steinitz and
others, 2003). Additionally, a proposed SunZia Transmission
Line Project has the potential to impact aesthetic and other
ecosystem-service values on the Lower San Pedro River
watershed. Hedonic studies to estimate aesthetic value have
been completed for residents near riparian areas in Tucson
(Colby and Wishart, 2002; Bark and others, 2009) and
central Arizona (Sengupta and Osgood, 2003) but not in the
San Pedro area. (Hedonic pricing studies isolate the contribu-
tion of a particular attribute toward the total value of a good.
In this case, structural attributes—such as square footage or
number of bedrooms—and locational attributes—such as
school district or proximity to green space—contribute to
housing values, and the individual influence of each attribute
can be identified).

The San Pedro River watershed holds important spiritual
and cultural values, particularly for American Indian tribes
with cultural or historic ties to the watershed. For instance,
Fort Huachuca, an Army base adjacent to the SPRNCA,
consults with 11 tribes that have connections to the San Pedro
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River (Marty Tagg, Fort Huachuca, written commun., 2012).
Ferguson and Colwell-Chanthaphonh (2006) describe cultural
values for the San Pedro River held by the Tohono O’odham,
Hopi, Zuni, and Apache. There are serious limitations in
applying economic valuation and utilitarian assumptions
(in other words, that value can be derived by knowing how
well it maximizes utility, which in mainstream economic
terms has typically been measured in dollar values) to indig-
enous values (Venn and Quiggin, 2007). These authors argue
that rights are more central and important than price-based
measures in understanding the preferences of indigenous
groups for environmental management. Important cultural
ecosystem features, whether expressed in monetary terms or
not, are best considered essential to any planning or evalua-
tion exercise. Although such studies are beyond the scope of
this project, they are critical in addressing these concerns in
decisionmaking for BLM.

WTP surveys do not always differentiate “use” values
(for example, bird watching) and “nonuse” values such as
existence, option, and bequest values. Nonuse value might
be expected to be important in the San Pedro River watershed
region, given its regional, national, and international signifi-
cance and its designation as one of The Nature Conservancy’s
“Last Great Places.” However, the San Pedro River is less well
known outside Arizona than other iconic southwestern natural
features and protected areas, which might reduce its expected
nonuse value relative to better-known locations. Nonuse value
commonly declines with distance (Pate and Loomis, 1997;
Loomis, 2000; Bateman and others, 2006). Determining this
rate of distance decay can help to better define the extent of
groups holding nonuse value for the San Pedro. Ongoing work
by Brookshire and others (2010) is exploring the spatial extent
of nonuse values for the San Pedro.

Ecosystem Services Assessment and
Valuation—Methods and Tools

Selection of appropriate methods for ecosystem services
assessment and valuation followed identification of relevant
ecosystem services for the San Pedro River watershed. All
known ecosystem-service valuation methods and assessment
tools were reviewed, including those that are qualitative and
quantitative, spatially explicit and nonspatially explicit, open
source and proprietary, biophysically and monetarily based,
and those still in development or not yet adapted for use in
the semiarid southwestern United States (table 5). Tools have
been developed by all sectors involved in ecosystem services
research and policy, including academic institutions, govern-
ment agencies, nonprofits, and the private sector. Methods and
tools used to assess and value ecosystem services are rapidly
evolving. Newly developed methods and tools will also need
to be evaluated for their usefulness in decisionmaking on
public lands. As new features are added to existing tools,
similar reassessment will be needed.

Introduction 1

Primary Valuation

Primary valuation data for an area of interest can be
obtained in one of two ways: by applying past ecosystem
services valuation studies that have appeared in the peer-
reviewed or gray literature or, where such studies are lacking,
by developing new valuation studies. Studies can use stated
preference (for example, contingent valuation or conjoint
analysis, using monetary or nonmonetary expressions of
preferences), revealed preference (for example, travel cost,
hedonic, or market-based approaches), or avoided or replace-
ment cost approaches. Development of new primary studies
that use stated or revealed preference is commonly too
resource intensive for all but the most important resource
management contexts, although avoided or replacement costs
may be more feasibly estimated. Thus, application of past
values at the study site of interest is the most feasible approach
for widespread use by BLM. Values can be standardized by
converting them into consistent units (for example, dollars
per acre per year, or dollars per visitor per day) and adjusting
for inflation. However, the resources being valued are typi-
cally poorly described in the primary study, which can make it
difficult to standardize values. A strict interpretation of these
values means that they are best used only in the context of the
scenario described by the original valuation study.

Application of past primary valuation studies typically
begins by collecting studies selected from a literature review
of appropriate databases (for example, Web of Science or
EconLit (both available only by subscription), Environmental
Valuation Reference Inventory (Environmental Valuation
Reference Inventory, 2011)) or discussion with academic
personnel or agencies familiar with the area of interest. A
close review of each study and some basic conversions may
be needed to standardize units. Primary valuation provides
rigorous, locally appropriate estimates of nonmarket economic
value. Primary valuation results may be relevant for most
BLM offices, and assembled valuation results may be used
for value transfer, as described next.

Value Transfer

Given the time and expense associated with primary
valuation, value transfer has grown in popularity as a means of
obtaining values when development of new primary studies is
not feasible or the policy site has not been studied (Brookshire
and Neill, 1992; Wilson and Hoehn, 2006). Value transfer uses
economic values previously estimated at another study site
and applies them to the site of interest. Several authors have
described the criteria needed for sound value transfer, such
as basic equivalence of the population, institutional setting,
environmental resource, and constructed market (for example,
mail compared with phone surveys or proposed one-time or
annual payments) (Boyle and Bergstrom, 1992; Desvousges
and others, 1992; Brouwer, 2000; Spash and Vatn, 2006;
Plummer, 2009).
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There is clear danger in transferring values between
study and policy sites without considering the similarity of
ecological and socioeconomic contextual factors. Function
transfer, as opposed to point transfer, is designed to reduce
these potential misapplications by applying a mathematical
function to account for differences between study and policy
sites (Loomis, 1992). The function is developed through meta-
analysis of multiple studies. Function transfer is preferable to
point transfer, in which values from a study site are typically
transferred to a policy site without adjustment. Yet to date,
function transfer has been used relatively infrequently. The
lack of primary valuation studies, which leads to a shortage
of quality meta-analyses, has limited opportunities to use
function transfer for most ecosystem types.

Point Transfer

In point transfer, land-use—land-cover data have typically
been used to link values from study site to policy site (Troy
and Wilson, 2006). In point transfer, studies are assembled by
land-use—land-cover type and the area and value of ecosystem
services in question are estimated. Although analyses
typically multiply land-cover type times per-area value and
sum to obtain a total value, this approach is inconsistent with
marginal economic valuation, which underpins the valuation
studies upon which point transfer is built (Bockstael and
others, 2000). When valuation is conducted, it should be for
a change in a particular resource as opposed to the summed
value of all land-cover types. For example, the statement
that “a 500-acre mesquite management—grassland restoration
project will provide x thousand dollars per year in carbon
sequestration, water supply, and recreational benefits,” is both
more correct economically and more useful for management
than the statement that “ecosystems in the San Pedro River
watershed provide y billion dollars per year in benefits.”

Point transfer has typically begun with development of
a land-use—land-cover typology for the area of interest and
assembly of a database of primary valuation studies within an
area defined as acceptably similar to the study site. The land-
use—land-cover types for the study site are matched to primary
valuation studies and summarized by type, and then values
are totaled for the area of interest (Troy and Wilson, 2006).
Results may, for example, summarize high, median, and low
values for ecosystem services provided by land-cover types
at a policy site. Potentially useful valuation databases include
the Environmental Valuation Reference Inventory, a publicly
accessible environmental valuation database (Environmental
Valuation Reference Inventory, 2011), the Marine Ecosystem
Services Partnership database (Marine Ecosystem Services
Partnership, 2011), the Natural Assets Information System
(Troy and Wilson, 2006), a proprietary database developed by
the Spatial Informatics Group, and the Simple and Effective
Resource for Valuing Ecosystem Services (SERVES) database
(http://esvaluation.org/) developed by Earth Economics.

Introduction 13

Point transfer is the simplest form of value transfer. Its
application can be quite rapid given good land-use—land-cover
data and a well-developed database of primary valuation
studies. Although most advocates of point transfer recognize
its shortcomings, they usually suggest that it can provide
rough but useful “first cut” ecosystem service values given
limited time and resources (Troy and Wilson, 2006). However,
the weaknesses of point transfer are well documented: if dif-
ferences between the study and policy site’s ecological and
socioeconomic setting and constructed market characteristics
are not accounted for, transfer error can be quite high (Boyle
and Bergstrom, 1992; Desvousges and others, 1992; Brouwer,
2000; Spash and Vatn, 2006; Plummer, 2009). Owing to
these concerns, point transfers have been criticized by most
economists, despite their popularity among practitioners.
Thus, although point transfer is a low-cost option for valuation
among BLM offices, it also has potentially low accuracy and
utility for decisionmaking.

Function Transfer

In contrast to point transfer, an analyst using function
transfer develops and applies a mathematical function to
account for differences in resource characteristics, geo-
graphic setting, and the constructed market when comparing
values between sites (Loomis, 1992). Multiple regression is
typically used to estimate the relative contribution of several
independent variables describing the site and study context
in order to determine their individual influence on ecosystem
service value, the dependent variable. For example, the annual
per-acre value of wetlands might be empirically determined
to depend on wetland acreage, wetland type, human popula-
tion density, and per capita income in the area of interest. By
supplying values for the independent variables, the analyst
can determine the per-acre value of wetlands at the policy
site in question. Bayesian approaches to developing transfer
functions are a more sophisticated approach than classical
multiple regression and offer the added benefits of account-
ing for the “n vs. k” problem in function transfer and handling
the effects of methodological independent variables when
using a transfer function (Moeltner and others, 2007; Moeltner
and Woodward, 2009). The “n” vs. “k” problem refers to the
dilemma where, owing to poor description of resource and
study characteristics in primary valuation studies, the ana-
lyst uses either a small number of well-documented studies
including all variables of interest (low n, high k) or a full set
of studies but only evaluating the influences of a few common
variables (high n, low k). The choice of a low k increases
the risk of omitted variable bias in the regression model.
Bayesian statistics differs from classical statistics princi-
pally in its use of past experiences to derive an expected
probability distribution. Information from past studies
and expert opinion are used to establish a prior distribu-
tion (for example, our belief of how observations such as
WTP are distributed. The predictive distribution gives the
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probability of observing data that do not correspond with
the prior distribution. As new information becomes avail-
able, the distribution may be updated to reflect changes.
This updated set then becomes the posterior distribution
(Atkinson and others, 1992; Morrison and Bergland, 2006;
Moeltner and others, 2007).

Where transfer functions already exist, function transfer
requires the analyst to collect data on relevant independent
variables for the study site and to insert these values into the
transfer function to obtain values for the study site. If transfer
functions do not exist, they need to be developed, if enough
studies are available that use the same dependent variable,
supporting a valid statistical analysis. Relevant primary studies
on a common ecosystem or ecosystem service are collected,
and values for all independent variables and the dependent
variable are documented for each study. The analyst then runs
regression models, drawing on economic theory to account for
relevant determinants of supply and demand for the ecosys-
tem services of interest. Lastly, appropriate diagnostics are
run to ensure that classical regression assumptions are met, to
suggest appropriate transformations or model respecifications
to be used as needed, and to guide selection of one or more
appropriate models.

In Bayesian analysis, by contrast, the goal is to estimate
a probability distribution of values for the coefficient of each
independent variable. This probability distribution is derived
from a set of expert-defined prior probabilities. Prior proba-
bilities are then run through an algorithm that collects random
samples from a probability distribution, in order to estimate a
set of final, or posterior, probability distributions. The means
and standard deviations of these posterior distributions are
then used as coefficients in a function transfer model.

Meta-analyses and regression equations are well devel-
oped for several ecosystem services (for example, recreation
(Smith and Kaoru, 1990; Walsh and others, 1992; Rosenberger
and Loomis, 2001) and water quality (van Houtven and others,
2007)) and ecosystem types (for example, forests (Barrio and
Loureiro, 2010), wetlands (Woodward and Wui, 2001; Brouwer
and others, 2003; Brander and others, 2006; Ghermandi and
others, 2008), and coastal and marine ecosystems (Brander and
others, 2007)). When transfer functions are available, it is rela-
tively easy to transfer values with greater confidence than that
provided by point transfer, while theoretically reducing trans-
fer error. This ease makes function transfer a relatively robust
and efficient way for BLM district or field offices to obtain
ecosystem service values.

However, transfer functions are not available for many
ecosystem services and ecosystem types outside those already
mentioned. The typical cause of a lack of transfer functions is
that there are too few primary valuation studies upon which
researchers can draw to develop transfer functions. New trans-
fer functions are also relatively time consuming to develop.
Bayesian analysis, while more powerful, requires additional
time and expertise to run, which must be weighed against the

benefit of potentially more rigorous transfer functions. Finally,
sharing of databases built to construct new transfer functions
is uncommon. These databases are typically built by academ-
ics who use them to conduct their own research, so there may
be little incentive to share or collaborate, and the effort needed
to build a new database is a barrier to scientists interested

in entering the field. Although public databases are one way
around this problem, such databases need to be designed

to support meta-analysis, and few valuation databases (as

is true for many other ecosystem-based management tools)
have received funding for ongoing maintenance (McComb
and others, 2006, Curtice and others, 2012). For example, the
Ecosystem Services Database was last updated in 2002, and
the Envalue database was last updated in 2004.

Function Transfer Using Defenders of Wildlife's
Wildlife Habitat Benefits Estimation Toolkit

The Wildlife Habitat Benefits Estimation Toolkit is a
set of spreadsheets that incorporates transfer functions based
on literature for recreation, hedonic property premiums, and
WTP for threatened and endangered species recovery (Loomis
and others, 2008). It is also available through Colorado
State University’s Department of Agricultural and Resource
Economics as the Benefit Transfer and Use Estimating
Model Toolkit. These transfer functions were developed by
using economic studies from throughout the United States,
with the goal of supporting faster and more systematic
function transfers.

The Toolkit requires users to choose and apply spread-
sheets for each ecosystem service of interest. The user enters
values for the required independent variables for a given
transfer function (for example, species to value, type of water
body, open-space characteristics, and wetland type, area,
and region). The spreadsheet calculates economic value per
household or recreation day, on the basis of transfer functions
contained in the spreadsheet. The user can propose scenarios
for management changes to quantify changes in economic
value or sum economic values of different services.

The Toolkit is a well-documented package of meta-
regression analyses that can support more comprehensive and
systematic function transfer than an analyst who assembles
and uses transfer functions independently. However, its
usefulness is limited to cases where transfer functions have
already been developed—for the ecosystem services related to
recreation, hedonic property premiums, and WTP for threat-
ened and endangered species recovery. Periodic updates would
be required to account for new transfer functions and primary
valuation studies to inform them, although with a large num-
ber of existing studies in the database, transfer functions are
likely to be relatively stable despite the addition of new data
points, suggesting that updating could take place on a roughly
5-year cycle (Timm Kroeger, The Nature Conservancy, oral
commun., 2010).



Integrated Valuation of Ecosystem Services
and Tradeoffs (INVEST)

Developed by The Natural Capital Project, a collabora-
tion of several academic and conservation nongovernmental
organizations, InVEST is a set of ecosystem service models
designed to map and value tradeoffs between multiple
ecosystem services (Tallis and others, 2011). It has multiple
releases or “tiers”: the tier 1 tools available in early 2012
consisted of an ArcGIS toolbox interface for individual
ecosystem service models; more detailed tier 2 tools that
have been described (Kareiva and others, 2011) as of early
2012 had not yet been released. Tier 2 tools use more data-
intense external ecological process models. Integration of tier
3 models—existing external ecological process models—is
planned for future releases of INVEST. The marine InVEST
models also include simple tier 0 models that map relative
supply of or demand for ecosystem services in relative rather
than biophysical units, with minimal underlying modeling and
valuation. Economic valuation in InVEST can take place in
biophysical units or by means of prices supplied as input by
the user (for example, social cost of carbon, market price for
timber, or avoided cost of sediment or nutrient removal).

InVEST is a well-documented method for mapping
ecosystem service provision and comparing tradeoffs under
land-use—land-cover change scenarios. In early 2012, InVEST
included models for carbon sequestration, crop pollination,
managed timber production, reservoir hydropower produc-
tion, nutrient retention, sediment retention for reservoir
maintenance, wave energy, coastal vulnerability, aquaculture,
aesthetic quality, and fisheries and recreation overlap. It also
includes biodiversity and habitat risk assessment models so
that tradeoffs between biodiversity, habitat risk, and ecosystem
services can be analyzed. Future releases of InNVEST include
planned models for flood mitigation, agriculture production,
irrigation, open access harvest, commercial and recreational
fisheries, recreation, and marine water quality, and carbon
storage. Beta versions of InVEST have been in existence
since summer 2008 and are reviewed through an open-source
community, so they are likely at a more advanced and reliable
stage than other modeling systems. Running on industry
standard Geographic Information System (GIS) software
(ArcGIS 9/10) and as a well-developed tool, InNVEST in early
2012 had potential for widespread use by BLM in decision-
making, assuming adequate data are available to support
modeling efforts.

Artificial Intelligence for Ecosystem
Services (ARIES)

ARIES is a modeling framework developed by the
University of Vermont’s Ecoinformatics Collaboratory at the
Gund Institute for Ecological Economics, in partnership with
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several conservation NGO partners. ARIES seeks to address
