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I. INTRODUCTION

Over the last decade, mitigation banking has become an in-
creasingly popular market-based solution for resolving conflicts
over wetland development. Wetland mitigation banking permits
developers, once they have taken steps to avoid and minimize wet-
land loss, to compensate for wetlands losses during land develop-
ment by ensuring wetland restoration elsewhere. Under this
banking mechanism, land developers must either purchase credits
from specific mitigation banks or pay into “in-lieu fee” trust funds
in order to receive permits to alter wetlands. Currently in the
United States, at least 230 wetland mitigation banks (in various
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stages of development) either are or will soon be involved in trades
of existing wetlands for restored or preserved wetlands.

As described by Ruhl and Gregg,? prior to 1990 there was a
clear regulatory preference for on-site wetland mitigation, and off-
site mitigation trades were rare. Over the past decade, the balance
has shifted in favor of mitigation banking and restoration of wet-
lands distant from the destroyed wetlands. Mitigation banking was
expected to improve the success of wetland mitigation efforts and
make it easier for wetland regulators to achieve no net loss of wet-
land functions and values. Several recent national and state reviews
of mitigation banking have concluded, however, that while the
concept of wetland mitigation trading is sound, the practice of mit-
igation banking often fails to provide wetland gains that offset wet-
land losses.?

There are two major reasons for this failure. First, unavoidable
technical challenges can limit the effectiveness of wetland restora-
tion.* Second, the methods for calculating the units of exchange
(credits) have proven inadequate because they fail to sufficiently
address differences in the value of wetland services provided at dif-
ferent locations; they do not adequately incorporate risks or fully
assign them to mitigation buyers or sellers; and they do not provide
mitigation trade regulators with the analytical basis to defend their
scoring methods against technical, legal, or political challenges. In
other words, we have not yet found a way to determine, with rea-
sonable certainty, whether and when “trading” existing wetlands in
one location for restored wetlands in another promotes social
welfare.

Two general approaches are used for comparing wetlands and
determining the “mitigation ratio”—that is, the number of acres
that need to be created (or the number of credits that need to be

1. U.S. Corps OF ENG'Rs, INSTITUTE FOR WATER RESOURCES, EXISTING WETLAND M.
GarioN Bank INVENTORY, af htp://www.iwr.usace.army.mil/ iwr/regulatory/regulin-
tro.htm (visited Apr. 24, 2001).

2. J- B. Ruhl & R Juge Gregg, Integrating Ecosystem Services into Environmental Lau: A
Case Study of Wetlands Mitigation Banking, 20 Stan. Envrr. L.J. 365, 369-70 (2001).

3. See, e.g., DEP'T OF ENVTL PROT. & THE WaTER MowmT. DistricTs, FLORIDA OFFICE OF
PrROGRAM POLICY ANALYSIS AND GOV'T ACCOUNTABILITY, WETLAND MimicaTiox 99-40 (2000);
Phillip H. Brown & Christopher L. Lant, The Effect of Wetland Mitigation Banking on the
Achicvement of No-Net-Loss 23 Envrr. Moy, 33345 (1999).

4. SeeTeresa K. Magee et al., Floristic Comparison of Freshwater Wetlands in an Urbanizing
Environment 19 WerranDs 3, 517-34 (1999) (indicating that after five years at recently re-
stored sites more than 50% of the plant species present were invasive species, and thus sites
were not providing the habitat and functions typical of the region).
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purchased from a bank) for every wetland acre (or credit-
equivalent) destroyed at the development site.® Most commonly,
mitigation ratios are established using biophysically based wetland
assessment methods. Less commonly, but particularly in permit dis-
putes, wetlands are compared using economic valuation methods.
Wetland assessment methods focus on measuring the physical,
chemical, and biological structure of wetlands, and on their result-
ing ability to provide the natural functions that are generated by
their interactions.® The biophysical focus of traditional wetland

5. There are several methods used to mitigate wetland destruction, including wetland
creation, preservation, restoration, or enhancement. Each method will typically have its
own mitigation ratio.

6. Numerous wetland assessment procedures have been developed over the past few
decades. See Canpy C. BartoLDUS, COMPREHENSIVE REVIEW OF WETLAND ASSESSMENT PROGE-
DURES: A GUIDE FOR WETLAND PRACTIONERS (1999) (providing an overview of thirty wetland
assessment methods); see also WoRLD WILDLIFE FUND, STATEWIDE WETLAND STRATEGIES: A
GUIDE TO PROTECTING AND MANAGING THE RESOURCE (1992).

The Habitat Evaluation Procedures (HEP), developed in 1980, was one of the first and
most comprehensive attempts to show that wetlands provide services beyond those associ-
ated with recreation or land market values. U.S. Fisu & WiLbLIFE SERVICES, DEPT. OF THE
INTERIOR, HABITAT EVALUATION PROCEDURES 102 (1980). HEP is still a widely used method
for establishing non-monetary currencies of habitat value. However, HEP focuses primarily
on site characteristics that satisfy the needs and preferences of wildlife species (e.g., breed-
ing and feeding conditions), not on site and landscape characteristics that determine how
improved habitats are likely to satisfy the needs and preferences of people. A significant
amount of conceptual work went into the development of a component of HEP called the
“human use and economic evaluation” (HUEE) module, which does incorporate human
values. However, the concepts underlying HUEE were never fully developed or field tested;
and, unlike the rest of the HEP method, the HUEE module has not been widely used. See
U.S. Fisi & WiLbLIFE SERvICES, HUMAN Ust aND Econonic EvaLuaTioN HaNDBOOK (1985),
available at http:/ /policy.fws.gov/872fwl.html (visited Apr. 23, 2001).

Numerous wetlands assessment procedures have been developed since HEP. Some
attempt to address wetland values based on the presence or absence of notable features,
such as endangered species or designated historic or archeological areas. E.g.,, Canoy C.
BARTOLDUS, ET AL., EVALUATION FOR PLANNED WETLANDS App. (1994); ANNA L. Hicks, NEw
ENGLAND FRESHWATER WETLANDS INVERTEBRATE BioMONITORING PrROTOCOL (1997); Ted T.
Cable, et al., Simplified method for wetland habitat assessment, 13 EnvrL Momt. 207 (1989). A
few procedures include simple models or questions that are used to assign scores to wet-
lands based on social categories such as recreation, aesthetics, agricultural potential, and
educational values. E.g., MINN. Bp. oF WATER AND SoiL ResouRces, MINNESOTA ROUTINE
ASSESSMENT METHOD FOR EVALUATING WETLAND FUNCTIONS, DRAFT VERSION 2.0 (1998); Em.
1LY ROTH ET AL., OREGON FRESHWATER WETLAND AsSESSMENT METHODOLOGY (1996); Alan P.
Ammann, et al., Method for the Evaluation of Inland Wetlands in Connecticut (Conn. Dep’t of
Envtl. Protection Bull. No. 9, 1986); Alan P. Ammann & Amanda L. Stone, Method for the
Comparative Evaluation of Nontidal Wetlands in New Hampshire (N. H. Dep’t of Envtl Services
NHDES-WRD-1991-3, 1991); G.G. Hollands & D. W. Magee, A Method for Assessing the Func-
tions of Wetlands, in PROCEEDINGS OF THE NATIONAL WETLAND ASSESSMENT Svatposiust 108 (J.
Kusler & P. Riexinger eds., 1985). Some of them also weave concepts of function and value
into a measure called “functional value.” Seg, e.g., Ammann & Stone. However, the criteria



2001] WETLAND VALUE INDICATORS 417

evaluation has been reinforced, and partly driven, by regulatory
requirements.

While biophysical measures may describe the capacity of a site
to provide services, they reflect nothing about the actual delivery
and the relative value’ of those services at a given location, as
would be required for an objective evaluation of how scarce re-
sources may best be allocated. Relating a site’s biophysical features
(e.g., dominant plant type) and functions (e.g., nutrient trapping)
to its value requires considering aspects of its location. The sur-
rounding environs may enhance or detract from a wetland’s ability
to provide valued services depending on landscape configuration.
For example, a site may gain value when the landscape contains
complementary features such as nearby parkland that allows access
by humans, protects the wetland from effects of land use change,
or allows it to serve as a wildlife corridor. Wetland valuation re-
quires considering these and other aspects of landscape context
that allow functions to become valued services.

In contrast, economic valuation methods are clearly aimed at
determining wetland value in terms that do provide the necessary
inputs for making resource trade-offs, and they do consider the

_context of the wetland’s neighborhood, if not the full landscape
context. However, these methods suffer from some significant
weaknesses: namely their narrow focus, high cost, and methodolog-
ical impenetrability to non-economists. Because many ecosystem
services are non-market public goods—accruing to the public
rather than the wetland owner—the bulk of wetland value must be
measured with non-market valuation techniques.® These types of

for assigning relative values to different wetlands or distinguishing between levels of func-
tion and associated values are not clearly defined in any of these methods.

7. “Value” in this case includes the value of marketed and non-marketed goods and
services that result from wetland functions including active uses such as resource extrac-
tion or recreational activities, and passive uses such as spiritual enrichment or existence
values.

8. There are three general economic valuation approaches to estimating the economic
value of wetland services that are not traded in markets, People can revzal the dollar value
they place on some services by their purchasing decisions. People can expiress the dollar
value they place on some services through surveys. And people’s willingness to pay for
some services can be imputed based on the costs they would incur if the services were not
provided (e.g., the cost to provide flood control if wetands were not present).

A variety of methods are employed to estimate these values. In contingent valuation,
surveys are used to directly solicit people’s “willingness to pay” for specific environmental
services, based on a hypothetical scenario. In the travel cost method, it is assumed that the
value of a site is reflected in how much people are willing to pay to travel to visit the site.
Hedonic pricing is used to estimate economic values for ecological characteristics that di-
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valuation studies typically attempt to assign values to wetland ser-
vices (e.g., provision of recreational opportunities) in absolute
(dollar) terms without much regard for the specific wetland fea-
tures or functions generating the value.® Many of these studies de-
pend on questionnaires or individual interviews in which
respondents are asked to place a dollar value on a single ecosystem
service. In other cases, a wetland’s value may be assessed by asking
tourists what they spend while visiting a site in order to estimate
monetary effects on the local economy. While these studies may
serve to illustrate the existence of certain ecosystem values, they are
too cumbersome and expensive to be widely applied.!® Even when
used, they have generally been applied to only a subset of services
and therefore they fail to provide a comprehensive accounting of
values. The fact that ecosystem valuation results are highly site-spe-
cific also limits the usefulness of these methods since values from
one study area cannot be readily applied to another.!!

rectly affect prices of some marketed good. Benefit transfer methods use valuation studies
from one time or place and transfer the values to another location or issue by considering
how values may change with new circumstances. Damage cost methods, and related meth-
ods of replacement cost or substitute cost, are used to estimate economic values based on
costs of avoided damages resulting from lost ecosystem services, costs of replacing ecosys-
tem services, or costs of providing substitute services. Detailed description of the pros and
cons of each of these methods, illustrations of how they have been used and references are
available at a web site developed by King and others: Dennis M. King & Marisa Mazzotta,
Ecosystem Valuation, http://www.ecosystemvaluation.org (visited Apr. 18, 2001). Examples
of some potential pitfalls of using these methods can be found at id, http://
www.ecosystemvaluation.org/Indicators/food.htmi#dwv. See also infra note 11.

9. For example, in a hedonic pricing valuation study, the value of houses near wet-
lands may be compared through statistical modeling to values of comparable houses far
from wetlands in order to estimate the proportion of a house’s value that is derived from
being near a wetland. However, these studies typically ignore differences in the wetland
that cannot readily be perceived by people. So, while they may include vegetation height,
they will not include any information about the wetland’s ecosystem functional capacity,
such as the ability of the wetland to filter nutrients or serve as wildlife habitat.

10. Several recent textbooks outline non-market methods of assigning value to wet-
land services and discuss the practical problems of applying the methods usefully. See, e.g.,
VaLuiNG ENVIRONMENTAL PREFERENCES (lan J. Bateman & Kenneth G. Willis eds., 1999);
Vincent K. Smith & Raymond J. Kopp, The Spatial Limits of the Travel Cost Recreational De-
mand Model, in Estimating EcoNnomic VALUES ForR NATURE 234 (Vincent K. Smith ed.,
1996).

11. The difficulties associated with dollar-based wetland valuation do not end when
researchers have generated dollar estimates and made them available to policymakers. We
present several brief cautionary case summaries of “valuation backfires” based on exper-
iences of the authors. They provide sobering warnings to those who decide to use dollar-
based wetland valuation to influence environmental policy without understanding how the
numbers are generated or how they can be abused.

Case # 1. The “Willingness to Pay” Survey. At a coastal zone hearing, a wetland advo-
cate testifies that a recently published survey shows that people are willing to pay $100 per
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Thus, decision-makers attempting to manage wetland mitiga-
tion banking trades face a dilemma. Based on conventional wet-
land assessment methods, trade regulators have only a limited
technical basis for allowing or denying mitigation proposals. At the
present time, assigning credible monetary values to wetlands is gen-
erally not possible because services are not adequately captured by
these conventional methods. Equally, there is no credible way to
make most wetland management decisions using comparisons that
are based purely on biophysical measures of wetland characteris-
tics. Yet, without appropriate valuation methods, wetland trading
may lead to losses in wetland functions and values—even if there is
no net loss of wetland area.

Unlike “natural” markets, markets for wetland mitigation cred-

household to protect wetlands within twenty-five miles of their homes. The opposing ex-
pert points out that the survey did not specify the type, size, or condition of the wetland or
specify the number of wetands already in the survey area. She presents evidence that the
survey results in a nearly infinite dollar value being placed on tiny degraded wetlands in
urban settings—where there are many households—and a very low value being assigned to
large pristine wetlands in rural areas. Admitting that the cost of doing the survey correctly
would be prohibitive, the wedand advocate withdraws his testimony and the wedand in
question is permitted for development. Moral: Landscape context is important to value—
one reason why valuation studies can not be used directly for areas other than the study
area.

Case # 2. The Derived Fishery Value Approach. Studies show that coastal wetlands in
Massachusetts support over 755 of commercially valuable fish species. However, Massachu-
setts’s fisheries have been so mismanaged and overfished over the past wwenty years that
their economic value is near zero. A contracted study to estimate the “derived value™ of
wetlands to the state’s fisheries yields estimates that are less than one dollar per vetland
acre. Moral: Using this method or similar dollar valuation method can result in very little
justification for protecting wetlands.

Case # 3. Benefit Transfer Approach. An environmental group presents testimony in
Oregon, based on a widely disputed study in Louisiana, that wetlands generate economic
value of $28,000 per acre. The opposing side agrees to accept the number as fact, and
points out that the county already requires $40,000 per acre in compensation for wetdand
impacts as part of its “in lieu” mitigation fee program. Later, a group of wetland developers
who are paying $40,000 per acre as impact fees sue the state to reduce the fee using the
evidence presented by the environmental group and get the fee lowered to $28,000. Moral:
Valuation numbers taken out of the context where they were developed can be danger-
ously misleading when they fail to take into account local land markets.

Case # 4. The Replacement Cost Approach. At the request of state wetland managers,
local engineers estimate that the cost of trying to restore a non-tidal wetland area that is
being threatened with development to pre-colonial conditions is over $300,000 per acre.
This figure is used at a public hearing as an indicator of the wetland's value. Under ques-
tioning, the wetland manager agrees that “no one in his right mind” would spend $300
million to try to restore this 1,000-acre site. When asked if it was fair to offer the $300,000
per acre figure as an estirnate of the wetland’s economic value, the wetland manager ad-
mits he is not sure. Moral: Replacement costs are not valid metheds of valuation if people
would adapt or find substitutes rather than pay the estimated amount.
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its are driven entirely by regulators who control every nuance of
supply and demand, including who can buy and sell.’? Buyers of
mitigation credits are price-conscious, sellers of mitigation credits
are cost-conscious, and neither is quality-conscious. The cost of
providing mitigation credits, and concomitantly the price of buy-
ing them, increases with the quality of wetland mitigation. Both
parties, therefore, have incentives for quick and cheap mitigation.
Consequently, buyers and sellers of wetland mitigation provide
only as much quality as trade regulators require. In other words,
because wetland mitigation trading is a regulatory construct, buy-
ers and sellers have no independent incentive to ensure quality at
the mitigation sites. As the sole guardians of quality in wetlands
mitigation trading, regulators walk a thin line between allowing
trades that result in net losses of wetland value and raising stan-
dards so high that environmentally and economically beneficial
trades are deterred.

In the absence of a sufficiently comprehensive framework for
objective wetlands valuation, current wetland trade regulation oc-
curs somewhere along a spectrum from purely political negotiation
at one end to a system based solely on narrow measurable criteria
at the other. At one extreme, the political approach ignores spe-
cific site-based criteria altogether. In these cases, government agen-
cies base mitigation debit/credit criteria almost exclusively on
political criteria or on ad hoc negotiations among interested par-
ties (e.g., permit-seekers, mitigation providers, and wetland trade
regulators). At the other extreme, predetermined, clearly defined
wetland assessment criteria are used to develop predictable trading
rules that are implemented uniformly in all wetland trades with no
room for case-by-case regulatory discretion.

The majority of current permitting, however, occurs some-
where in the middle of these two extremes. In this “semi-political”
approach, a few simple debit/credit criteria are used but wetland
regulators have significant discretion to consider other factors, in-
cluding the preferences of interest groups, to arrive at acceptable
trades. The semi-political approach is popular because it uses some
scientific criteria, which provides political cover, but also offers reg-
ulators the flexibility to negotiate mitigation deals that allow devel-
opment to go forward. Needless to say, however, a system subject to
the political winds may not provide the means to make politically

12. James Salzman & J.B. Ruhl, Currencies and the Commodification of Environmental
Law, 53 Stan. L. Rev. 607 (2001).
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difficult choices when and where they are needed to preserve valu-
able wetland services.

Commercial mitigation bankers and wetland permit seekers
naturally propose wetland trades that bring themselves financial
benefits. Under current regulatory approaches, these trades often
result in no net loss in wetland area and reasonable exchanges in
the functional capacity of wetlands. But they can also result in sig-
nificant losses in public wetland values. For example, the costs of
providing wetland functional capacity in remote undeveloped ar-
eas are typically far lower than the costs of providing the same
functional capacity in relatively developed areas. These market in-
centives appear to have resulted in a migration of wetlands from
high-development areas, where wetland development pressure is
high, to remote areas where mitigation costs are low.'

Without information beyond the basic biophysical measures of
wetlands lost and gained, it is difficult to determine if patterns of
mitigation trades that result in the migration of wetlands from ur-
ban or suburban to more rural areas benefit society. While some
wetland functions may be of higher quality, more readily utilized,
and therefore more valuable, at remote inaccessible sites (e.g., re-
productive and feeding habitats for rare birds, fish or other wild-
life), others that depend on the proximity of the wetland to people
in order to provide valued services (e.g., aesthetics/local recrea-
tional viewing/educational opportunities, flood protection,
groundwater recharge, sediment trapping) tend to make urban
sites more valuable. The wetland trading problem, in other words,
is not a builtin bias for more urban or more rural sites. Rather, the
problem is that no practical and systematic methodology currently
exists for incorporating important value-based tradeoffs into wet-
land trading criteria.

This article presents and demonstrates a wetland value indica-
tor methodology (WVI) that can be used to define credit criteria
for wetland trades or evaluate priorities for public investments in
restoration or preservation of natural areas. The indicator system
we propose strikes a middle ground between conventional biophys-

13. In a limited study of wetland mitigation banking in Florida, King and Hebent
determined that the population densities in areas of wetland losses were four to cight times
higher than those in the vicinity of existing and proposed wetland mitigation banks. Al-
though such differences do not establish any overall loss of wetland value, the authors
provided evidence that values associated with at least some wetand senices clearly de-
clined as a result of the trades. Dennis King & Luke Herbert, The Fungilility of Wetlands 19
NaTionar. WETLANDS NEwsLETTER 10 (1997).
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ical wetland assessment methods, which capture ecological func-
tion but ignore wetland economic valuation, and economic
methodologies which attempt to provide objective criteria for eval-
uating trade-offs but often ignore many sources of value. We have
addressed the challenge of integrating both concepts by develop-
ing indicators that act as surrogates for economic values, focusing
not on specific monetary values or specific biophysical features but,
rather, on the ecological-economic linkages. We develop wetland
indicators that capture the relative level of benefits of individual
wetlands without attempting to assign precise monetary values to
those benefits.’* The method is designed to help manage wetland
mitigation and “score” wetland mitigation trades, but it has
broader applicability and could be used to prioritize wetland con-
servation and restoration efforts, watershed planning, and land use
zoning.

Our study is a pioneering effort that demonstrates some of the
principles of a location-based valuation system and provides a prac-
tical demonstration of its use. The study’s greatest value, however,
lies not in providing a single “score” of a wetland’s service value or
developing the definitive indicators for valuation but, rather, in as-
sessing which parts of the valuation methodology are practical and
informative and which require greater development. It also dem-
onstrates that it should be possible to implement the WVI system
without requiring more assessment of wetland site conditions than
is typically done now. Thus, we hope that the lessons from this re-
search will provide the foundation for future valuation work—
transforming the valuation methodology, indicators, and GIS infor-
mation into a robust and standardized method of analysis.

Part II of this paper describes the traditional methods of scor-
ing wetland trades and their shortcomings in providing useful valu-
ations. Part III explains the ecological and economic concepts that
form the basis of our proposed indicator system. Parts IV and V
present a case study implementing the methodology to evaluate ac-
tual trades at an operating mitigation bank. Part IV introduces the
site and explains how we developed site-specific wetland value in-
dicators. Part V summarizes and interprets the results of the analy-
sis. Part VI discusses the obstacles we encountered in assessing the

14. For greater detail regarding the economic foundations of the method, sce James
Boyd, Dennis King & Lisa Wainger, Compensation for Lost Ecosystem Services: The Need for Bene-
fit-Based Transfer Ratios and Restoration Criteria, 20 Stan. Envrr. LJ. 393 (2001).
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mitigation trades and provides recommendations for further
research.

II. VaLumc WETLANDS

This section examines the various characteristics of a wetland
that determine its value and discusses why consideration of all
these factors is necessary for appropriate management of natural
resources. A wetland’s features, such as size and vegetation, and its
functional abilities are the biophysical basis of its value. Equally im-
portant, however, are factors such as a wetland’s setting in terms of
local and regional land use configurations and related human ac-
tivities. Ultimately, valuation requires combining these ecological
and socio-demographic considerations.

A. Why a New Valuation Methodology?

A valuation approach to assessing trades has only recently be-
come necessary, since the regulations guiding wetland mitigation
previously maintained a clear preference for “on-site, in-kind” mit-
gation.’® Under this regime, mitigation providers were required to
replace wetlands with the same type of wetland at or contiguous to
the site of wetland loss. Because the impacted and replacement
wetlands were always at the same location, as long as regulators
forced mitigation providers to restore the same level of wetland
functional capacity, it was reasonable to assume that the replace-
ment wetlands would generate similar services and benefits. Fur-
thermore, because they were provided at the same location, these
services and benefits were reasonably expected to accrue to the
same segment of the population that was losing wetland benefits.
As a result, with on-site mitigation, the indices of wetland func-
tional capacity produced by science-based wetland assessment
methods were acceptable proxies for wetland service values.'®
Moreover, with on-site mitigation, “distributional” questions about
who gained and lost from wetland mitigation trading were unim-
portant, and the likelihood of loss of social welfare was minimized.

Unfortunately, “on-site” mitigation was not always possible and,
because surrounding development often jeopardized the viability
of the replacement wetland, on-site mitigation was often undesir-
able on purely environmental grounds. In practice, on-site mitiga-

15. This history is drawn from Salzman & Ruhl, sugra note 12.
16. A recent review of these methods is provided in BartoLpus, sufra note 6.
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tion resulted in many fragmented and isolated replacement
wetlands of questionable value, some of which were enormously
costly to create. Forcing on-site wetland mitigation did not succeed
at providing “no net loss” on either environmental or economic
grounds. In contrast, allowing offsite wetland mitigation has po-
tential advantages. At least in theory, it allows mitigation to be pro-
vided in more favorable locations and can result in “trading up,” or
achieving net gains in wetland functions and values through
trading.

By the late 1980’s, therefore, regulators were reluctantly ac-
cepting that on-site mitigation didn’t always make sense and they
began allowing permit applicants to provide compensatory mitiga-
tion off-site. The transition from on-site to off-site mitigation was a
logical step, but it created many practical problems that wetland
regulatory agencies have not managed well. Most notably, the tradi-
tional wetlands assessment methods used to compare wetlands on
the basis of on-site functional capacity alone were no longer ade-
quate to determine the equivalency of wetland functions and val-
ues gained and lost as a result of a wetland trade.

B. The Influence of Landscape Context on Value

To illustrate the importance of landscape context on the value
of services provided by a wetland, consider the two wetland areas in
Figure 1 (Sites A and B). Assume that the two wetlands are the
same size, the same shape, and have identical biophysical charac-
teristics (e.g., soil, vegetative cover, and hydrology). Based on con-
ventional wetland assessment methods, they appear to have the
same capacity to provide all wetland functions and, therefore,
would be assigned the same monetary value. This assessment is mis-
guided, however, because the different landscape contexts of the
two sites determine the relative value of the functions they will ac-
tually provide.

Consider how the following differences depicted in Figure 1 af-
fect the relative value of the wetland areas:

* Site A is more likely than Site B to provide wildlife support be-

. cause it is accessible (through the open space of the farm field)

to wildlife from the upland wildlife refuge area, whereas the
road blocks the wildlife corridor to Site B.

* Site A is more likely to support fish habitat than Site B because
it is adjacent to fish habitat, whereas Site B is not.

* Site A is more likely to improve water quality than Site B be-
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Ficure 1. Schematic depiction of two hypothetical wetland sites (A and B), illustrating the
potential effect of landscape context on the value of wetland senvices. See text for
discussion.

cause of its proximity to the coast and because its longest di-
mension is parallel rather than perpendicular to the coast,
thereby providing greater “buffering” potential than the wet-
land in Site B.

* Site A is downslope of agricultural production generating
harmful levels of nutrients that would enter the water body if
not absorbed by the wetland. Site B, on the other hand, creates
a narrow “buffer” away from the coast and has no significant
upslope source of nutrients to filter.

e Site B is adjacent to a polluted and fastmoving section of the
water body where harmful effects from additional pollutants
would be negligible. Thus, even with a source of nutrients, the
payoff from filtering nutrients at Site B would be less than at
Site A.

* Site A provides aesthetic and educational opportunities to a
nearby residential population, whereas Site B is surrounded by
industrial sites and private forest lands which limit its amenity
values.
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As a result of differences in landscape context, Site A is more
valuable than Site B, despite having identical site characteristics,
because it actually delivers services (e.g., provision of edible shell-
fish through the functions of water purification and nutrient reten-
tion) to populations that value them (e.g., users of the shellfish
beds).

Landscape context may also affect the reliability of services pro-
vided by each area. In this case, the two sites may have significantly
different susceptibilities to natural and man-made risks that could
disrupt the flow of beneficial services they provide. For example, if
a new ten-year land use plan for the region designates the area
around Site A as “environmentally sensitive, no industrial use” and
the area around Site B as “industrial use, fast-track permitting,”
then not only are the values provided at Site A higher than those
provided by Site B under current landscape conditions, they are
less likely to decline in the future as a result of land use changes.
Other sources of risk that may further differentiate the present
value of the two sites include, for example, water diversion, sea
level rise, and invasive species.

C. Clarifying Terms

Before further developing the WVI methodology, it is impor-
tant to clarify our usage of five key terms—features, functions, ser-
vices, goods, and values—that are interrelated and, unfortunately,
often used interchangeably in the literature. Features refer to on-
site wetland characteristics; functions refer to biophysical or chemi-
cal processes that depend on those features; services and goods
both refer to the beneficial outcomes of those processes but are
differentiated by whether they provide continuous benefits or dis-
crete units; and values refer to the preferences or importance that
people attach to those services. To illustrate, consider a wetland
mitigation project that increases the vegetative cover of a wetland
(a feature). This feature of the wetland may increase the nutrient
trapping capacity of the wetland (a function), which may improve
fish habitat and therefore downstream fishing (a service), or pro-
duce fish for commercial sale (a good). The value of goods or ser-
vices is the aggregate amount that users would pay to have the
good or use the service. Value is dependent upon the features and
functions of the natural systems that generate the service, but also
relies on other factors such as people’s preferences for the service
and the scarcity and substitutability of the service. Only the services
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or goods can readily be assigned value since people do not have
direct preferences for biochemical processing or other functions
on which the services depend. Table 1 offers definitions for these
and other terms commonly used in our analysis.

Maintaining clear distinctions between these terms is important
for at least three reasons. First, the data and criteria needed to eval-
uate and assess each aspect of wetlands are significantly different.
For example, measuring functions requires biophysical data, while
valuing services requires economic and demographic as well as bio-
physical data. Second, even though functions may be similar be-
tween wetlands, they can still differ in value. Differences in the
locations of wetlands allow them to provide different types of wet-
land services.!” Wetlands located in undisturbed natural habitats
may generally provide one set of services best (e.g., endangered
species habitats), while wetlands located relatively close to people
may provide another set of services better (e.g., educational oppor-
tunities or flood damage prevention). Similarly, only wetlands lo-
cated near disturbed landscapes where runoff is a problem can
provide services associated with sediment, nutrient, or contaminant
trapping. The third and most important reason for distinguishing
between these terms is that the most widely used analytical meth-
ods for assessing and comparing wetlands do not focus on the
socio-economic components that are necessary for assessing a wet-
land’s contribution to human welfare. Standard wetland assess-
ment methods may refer to “functional values” or “value” indices
when describing functional capacity, but they rarely provide infor-
mation appropriate for determining how resources are valued by
people.

II. THE WETLAND VALUATION InNDICATOR (WVI) MODEL

The premise underlying the WVI is that wetlands and other nat-
ural systems should be evaluated as economic assets that generate
various goods and services. Therefore, the wetland’s value is based
on its ability to produce ecosystem goods and services, the quality
and quantity of those goods and services, and the demand for
those services where they are produced. Production quantity and
quality is a function of the wetland’s site and landscape characteris-
tics. The demand or need for services at a particular location is

17. For another discussion of this topic, see Geoffrey Heal et al., Profecting Natural
Capital Through Ecosystem Service Districts, 20 Stan. Envrr. L. 333 (2001).
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TasLE 1. Building blocks of wetland value: some definitions.

Features — on-site characteristics of a wetland that establish its capacity to
perform or support various environmental functions (e.g., soil, ground
cover, hydrology).

Functions — the biophysical processes that take place within a wetland
(e.g., carbon cycling, nutrient trapping, habitat provision). The level of
wetland function depends on site and landscape characteristics and can be
assessed independently of any human context.

Landscape context — proximity of the wetland to other natural and
human-made features in the surrounding landscape. Landscape context
influences: a) the wetland’s opportunity to function at capacity, b) the
services that will flow from those functions, c¢) the value of those services,
and d) the risk that the services will not persist.

Relative preferences — the rank of wetland services in order of
importance. Relative preferences for various wetland services are much
easier to determine than differences in dollar measures of service values.
Although less common than dollar measures of value, individual and
community indices of ranked preferences can be used to aggregate service
values and compare wetlands using a single number.

Risk - the volatility of potential outcomes. In the case of wetland values,
the important risk factors are those that affect the possibility of service
flow disruptions and the reversibility of service flow disruptions. These are
associated with controllable and uncontrollable on-site risk factors (e.g.,
invasive plants, overuse, restoration failure) and landscape risk factors
(e.g., changes in adjacent land uses, water diversions).

Services — the beneficial outcomes that result from wetland functions
(e.g., better fishing and hunting, cleaner water, better views, reduced
human health and reduced ecological risks). These require some
interaction with, or at least some appreciation by, humans. However, they
can be measured in physical terms (e.g., increased catch rates, greater
carrying capacity, more user days, reduced risk, property damage
avoided). The capacity of a wetland to provide services can be estimated
without any ethical or subjective judgements about how much the services
are worth. The types of potential services depend to some degree on the
level of functions but predominantly on other factors (e.g., access,
proximity to people).

Values - defined in strict economic terms, the full range of wetland values
includes each person’s “willingness-to-pay” in dollars for each wetland
service summed across all people and all services. In most cases, tracing
and estimating the absolute (dollar) value of a wetland is impossible.
However, overall willingness to pay for a wetland service depends on the
number of people with access, their income and tastes, the cost of access,
the availability of substitutes, and other factors related to local, regional,
and national supply and demand.
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determined by landscape configuration (arrangement of other
land uses), as well as externally imposed conditions.

This conceptualization of the source of ecosystem value leads us
to a three-part analysis. First, we evaluate on-site characteristics and
the functions they generate using biophysical wetland assessment
methods (which is usually conducted as part of the wetland permit-
ting process). Second, we evaluate landscape conditions that affect
various location-dependent components of value using landscape
data at both local and regional scales. Finally, the on-site and off-
site measures are combined to evaluate the value of the goods and
services that are produced.

Our framework for wetlands valuation, resolves on- and off-site
characteristics into value indicators using both site and landscape-
level measurements. The landscape measurements are developed
from spatially represented data (e.g., GIS databases) of ecological
and socio-demographic characteristics. Identifying a sufficient and
tractable set of indicators has constituted the bulk of the work in
developing the WVI system to its current state.

As illustrated in Figure 2, the relative value of a wetland can be
developed from four types of indicators. On-site aspects of value
are captured by functional capacity indicators which are the bio-
physical measures describing which functions are performed on
the site and to what level (relative to a reference wetland). Once
functional levels have been determined, off-site characteristics are
evaluated with three types of indicators: capacity utilization (mea-
sures of how much of the functional capacity is used in creating
valued services at that location); scarcity and substitutability (mea-
sures of the amount of replacement or substitute services availa-
ble); and risk (measures of potential loss of service value). Each
indicator type is measured using a set of sub-indicators, so that
every wetland is evaluated with numerous metrics. The contribu-
tion that the individual sub-indicators make to a wetland’s relative
value must be determined using a system of weights. The system is
envisioned to be hierarchical so that sub-indicators are weighted
and aggregated for each of the three indicator types and then the
scores generated for the three indicator types are weighted and
aggregated to arrive at a single score for a wetland.

We say our system measures “relative” value because the indica-
tor values for a particular wetland have only limited meaning when
viewed in isolation. They do not represent the value of goods and
services as dollars do, but they can be used to compare wetlands
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On-site Assessment
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To what level are necessary
functions performed?
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Oif-site Assessment

4 Capacity Utilization
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What level of service do functions provide
and what confers value on a service at this
location?
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How many substitutes exist for the
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Ficure 2. Steps in Wetland Value Indicator Development. Using the WVI, a wetland’s
value is assessed by examining the quantity and quality of the services that it may produce
relative to other wetlands and how those services might be valued in that location. Each off-

site component may enhance or detract from the ability of on-site features to provide wet-
land services and the value of that service.
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within an appropriate group of wetlands. The appropriate set of
wetlands is defined by the question being addressed and could be a
group of wetlands nominated for restoration, all wetlands within
the state, all wetlands in an ecoregion, or any number of subsets of
the world’s wetlands. Many land use decisions do not require an
absolute measure of value, but instead require selecting among a
set of sites (e.g., when deciding where to build a park). Therefore,
when we compare wetlands being impacted with those being cre-
ated in mitigation banks, we only need to capture the relative bene-
fits generated by the sites to understand whether service value is
being lost or gained. We still need a system to incorporate a com-
munity’s preferences for various services into the framework in or-
der to compare gains and losses between service types, which we
describe further in Part VLF.

The following sections explain the four WVI indicator types in
more detail, highlighting how they account for both on-site fea-
tures and the effects of landscape context on wetland value. Table
2 lists some specific questions that we would like to answer in deter-
mining which mitigation sites provide the greatest social benefit. In
a world of limited resources, however, we cannot find or evaluate
all the data needed to reply to questions in Table 2. One of the
challenges in practical application of the WVI methodology, there-
fore, is to determine which data are necessary and, of that, practi-
cally available in order to minimize analysis costs.

A. Functional Capacity

Functional capacity reflects the capacity of the site to provide a
particular function independent of its landscape context. It is
based on biophysical characteristics of the site including soil, to-
pography, vegetative cover, and hydrology. In simple terms, itis a
measure of the site’s capacity, all other things being equal, to pro-
vide the ecosystem services or goods. Practically speaking, func-
tional capacity is often scored by comparing a wetland’s function
level to a reference wetland that shares most, if not all, biophysical
features with the wetland being evaluated, but has had minimal
disturbance. A site’s functional capacity is assessed using any of the
biophysical wetland assessment methods that rank wetland condi-
tions with respect to particular functions (i.e., that “score” sites in
terms of their functional capacity).’® The hydrogeomorphic

18. The review of wetland assessment methods provided by BarToLous, supra note 6,
provides evidence that most methods focus on site conditions and ignore landscape link-
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TasLE 2. Key questions in assessing wetland value.

Functional Capacity

What environmental functions does this wetland have the capacity to
provide? '

Does the wetland’s landscape context allow it to provide these
functions?

If so, are there factors that will cause it to function at less than full
capacity?

Are there factors that may cause it to function beyond its sustainable
capacity?

Capacity Utilization

What services, products, and amenities will these wetland functions
generate?

Over what geographic area will people benefit from these services and
products?

How many people benefit from the services provided?
What is the income, ethnicity, etc. of the service users?

Scarcity / Substitutability
How scarce are these services, products, and amenities in this area?

Are there near-perfect natural substitutes that exist or could be
developed?

Are there near-perfect human-made substitutes that exist or could be
developed?

How could the affected population adapt to having fewer of these
services?

How much would the affected population benefit from having more
of these services?

Risk
How vulnerable are services generated by this site to temporary/
permanent disruptions?

How restorable are these services in this region compared to other
regions?

How might future development make the services provided here
more/less vulnerable?

Will demographic/land use change increase/decrease preferences for
these services?

Will demographic/land use changes increase/decrease availability of
these services?
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(HGM) method,' for example, results in Functional Capacity In-
dicators (FCIs) for roughly ten wetland functions (the exact num-
ber varies by locale and wetland type) from sediment and nutrient
trapping to waterfowl habitat.

B. Capacity Utilization

The level of output (services) that flows from a wetland de-
pends on more than the level of biophysical function it provides.
Capacity utilization is a measure of the degree to which landscape
setting allows functional capacity to be used. Each type of service
associated with a wetland function can be examined in terms of
landscape features that limit or enhance the ability of a service to
be provided at a given location.?® Some of the most common land-
scape features affecting capacity utilization are visitor access, adja-
cent land use, and downstream resources. The opportunity of a
wetland to contribute to certain services, such as recreational fish-
ing, depends in part on the hydrologic and biological connection
between the wetland and open water fish habitat and accessibility
of the fishing grounds to humans.

Physical and biological distinctions that allow a wetland site to
provide water purification and nutrient retention services can be
reflected by landscape variables that measure upstream and down-
stream land uses and land configurations. For instance, using GIS-
generated maps of surface water flow, site differences can be quan-
tified by calculating the upland area that would generate runoff
into a particular wetland. The likely constituents of runoff and,
therefore, the likelihood of providing water purification and silta-
tion services, can be predicted by considering the types of land cov-
ers and land uses in areas generating the runoff. For example, if an
unregulated animal feeding operation was in the upslope area that

ages. They usually do not address landscape factors that link biophysical functions with
services that matter to people, and tend to establish the eapacity of a wedand site to pro-
vided functions rather than the gpportunity the wetland site has to provide functions.

19. Sez Mark M. Brinson, A Hydrogeomorphic Classification for Wetlands, (Wedands Res.
Program Technical Rep. No. WRP-DE-4, 1993); Mark M. Brinson & Richard Rheinhardt,
The Role of Reference Wetlands in Functional Assessment and Mitigation, 6 EcoLocicaL AppLiCA
TIONS 69 (1996).

20. Capacity and capacity utilization are terms used frequently in cconomics to char-
acterize the value or potental value of manufactured capital. Capacity usually refers to site
characteristics that limit productivity; capacity utilization refers to other factors (e.g., loca-
tion) that affect how much site capacity is actually used. The productivity of a hotel, for
example, depends on room capacity and the capacity utilization in terms of rocom eccu-
pancy rates.
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contributes runoff to a wetland, we could reasonably assume that
the wetland is receiving excess nutrients. If the biophysical func-
tion measure indicates that the wetland has the ability to sequester
nutrients, the presence of excess nutrients in runoff allows us to
conclude that capacity utilization for the function of water filtra-
tion will be high. If the wetland is also upstream of a water body
used by swimmers or fishers, it will be able to contribute to the
service of providing clean water for swimming or fishing.

Capacity utilization indicators reflect aspects of the socio-eco-
nomic or biophysical setting that confer added value to a service by
distinguishing that service as unusual or by demonstrating particu-
lar demand or need for that service at that location. They account
for the simple fact that equivalent services provided by different
sites may not be equally valuable. As we illustrated with Figure 1, a
wetland directly upstream of an industrial site is less able to provide
valuable services of providing shellfish or swimming opportunities
since there are no shellfish grounds or bathing areas that would
benefit from the water purification function in the immediate
downstream area.

This class of indicators is used to examine such characteristics
as the number of potential users of a service, the opportunity of a
site to influence home values or to be used in educating children,
and other landscape characteristics that would tend to increase the
value of the service at its location. Typical data we would want to
evaluate include population densities, demographic statistics, pref-
erences of various demographic groups, habitat preferences of va-
rious plants and animals, and regional patterns of recreational use.
All these data types may play a part in inferring likely use rates of
wetland services.*!

Information from valuation, preference, and opinion surveys
provide another tool for assessing use rates or preferences based
on demographics or landscape conditions. For example, the

21. This method of assessing demand is not typical for many reasons. In markets that
economists consider “normal,” people will tend to reduce consumption of a good when it
becomes scarce and its price increases. With many wetland services, however, increasing
scarcity is reflected in a lack of availability rather than an increase in the price facing users.
We do not take into account how demand for services might decline as services become
less available. We believe the substitutability indicators help us consider whether reduced
supply might be offset by changes in demand, but this will require more research. Substi-
tutes for new sources of clean drinking water, for example, might become available by
reducing waste of potable water. The value of this service, therefore, should depend on the
availability of substitutes as well as the affected population and current per capita con-
sumption rates.
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United States Fish and Wildlife Service collects survey data every
five years on fishing, hunting, and wildlife-related recreational par-
ticipation rates by state and region and by various age, income, and
ethnic groups.?? This information on likely users of recreational
services may be compared to characteristics of the neighborhood
and surrounding area to relate the desirability of recreational
opportunities.

Potential use rates can be assessed within a small localized
neighborhood, or within an entire watershed or county depending
on the service. Services that accrue at the regional or state level
may be assessed by determining whether a wetland plays a role in
regional planning goals. For example, a wetland may provide re-
gional services as part of a coastal protection zone, a drinking water
protection area, or a wildlife corridor.

Whether a site provides a service of relatively high value may
depend on the configuration of land use types adjacent to and
near the site. For example, an animal may view a landscape as be-
ing more or less hospitable depending on its ability to move across
the landscape without being seen by predators. Therefore, the dis-
tance between, say, forest patches and the width and size of the
patches, can determine whether an animal will choose that area as
habitat. Numerous landscape fragmentation measures have been
developed and tested for correlation with species richness, density,
and abundance.®* These fragmentation indicators can be com-
bined with such measures as biodiversity indices, property owner-
ship, trail miles, and hunting restrictions to reflect the level of such

22. U.S. Fisu & WiLbLIFE Serv., THE 1996 Nationar Survey Or Fistuxe, Husming,
AND WILDLIFE-ASSOCIATED RECREATION (1997), at hup://fa.r9.fus.gov/surveys/surveys.huml
(last modified Dec. 10, 1999). Data on licenses for fishing and hunting are also available.
This information can be used to show the magnitude and trends of demand for recrea-
tional fishing, hunting, and wildlifeviewing over broad areas and can help to prioritize
decisions on preserving recreational opportunities overall. However, the data ve reviewed
did not help us distinguish between demand at or near the various impact sites, which fell
within a small geographic area. We believe the data and methodological limitations that
prevented a more explicit characterization of the recreational fishing service area of a wet-
land can be overcome with further study.

23. These measures are spatial statistics that describe the degree of fragmentation of
the landscape.

24. See Curtis H. Flather & John R. Sauer Using Landscape Ecology to Test Hypatheses
about Large-Scale Abundance Palterns in Migratory Birds 77 Ecorocy 28 (1996); James P.
Gibbs, Distribution of Woodland Amphibians Along a Forest Fragmentation Gradient, 13 Laxp-
SCAPE ECOLOGY 263 (1998); Eric J. Gustafson, Quantifying Landscape Spatial Pattern: What is
The State of the Art? 1 Ecosvstens 143 (1998); Monica G. Turner, Landscape Ecolozy: The
Effect of Pattern on Process, 20 Axn. Rev. EcoLocy & Systenatics 171 (1989).
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services as biodiversity support and viewing or hunting opportuni-
ties. These indicators allow us to consider more than the capacity
of the site to grow plants favored by particular birds, by accounting
for further aspects of land use that determine service value.

C. Scarcity and Substitutability

The value of any service is closely related to the service’s scarcity
and the availability of substitutes. Other things being equal, scarcity
and a lack of substitutes increase a service’s value. Scarcity and sub-
stitutability indicators measure the abundance of the services and
the availability of substitutes for those services. While capacity utili-
zation indicators measure the necessary conditions for a service to
exist, those conditions, such as the requirement that a wetland be
hydrologically connected to an aquifer that is used for water sup-
ply, may only represent a necessary but not sufficient condition for
the service to have value. For example, groundwater recharge only
has value in an economic sense if it improves the availability or
quality of the water that is used. Therefore, needed components of
value indicators are those that show water is scarce or has degraded
quality.

The appropriate scale at which to judge scarcity and sub-
stitutability depends on the nature of the service being examined.
For example, people may be willing to drive further to try for a rare
trophy fish than for a relatively common fish, and anglers may be
more likely to find substitutes for the latter than the former. Defin-
ing the service area, or geographic range of wetland services, will
depend on defining the geographic range of users and the area
containing potential substitutes (e.g., saltwater fishing opportuni-
ties instead of freshwater). This delineation is confounded by the
difficulty of defining which services may be substituted and the fact
that some substitutes may be acceptable to some users, but not to
others. This service area definition problem is common to most
valuation studies of non-marketed goods. While many valuation
analyses have attempted to measure willingness to pay for particu-
lar recreational or aesthetic experiences, few have attempted to de-
fine the service area associated with the ecosystem service. The
difficulty of defining service areas for recreation and the effect of
that definition on values assessed with travel cost analyses have
been noted previously.?

25. V. Kerry Smith & Raymond J. Kopp, The Spatial Limits of the Travel Cost Recreational
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For some wetland services, service area delineation is straight-
forward because the areas can be defined on the basis of biological
or physical characteristics (e.g., a watershed for flood protection
services). The service areas for other wetland services (e.g., recrea-
tional and educational opportunities), however, cannot be defined
without a great degree of knowledge about how frequently existing
sites are used, whether certain sites are or may become over-
crowded, which sites are considered substitutes, and the influence
of local preferences in site selection. The high informational bur-
den of determining appropriate service areas led us to focus on
services that cannot easily be transported between regions or ac-
cessed by users traveling between regions. Certain simplifying as-
sumptions that we used to define service area are described in the
next section.

D. Service Risk

The economic value of a wetland depends on the expected flow
of services it provides over time. Therefore, risk, insofar as it sug-
gests disruptions in the future service flow, depresses service value.
Service disruptions can arise from natural processes (e.g., floods,
droughts, fire, and disease) as well as from human activities outside
the wetland (construction, pollution), and may affect both func-
tional capacity and landscape components of value. The effect of
these potential changes on value is separate from the effects of
“discounting,” which adjusts the value of future service flows to
their “present value” for purposes of valuation.*®

Natural processes, including those controlled indirectly by
human activities, such as sea level rise and dispersion of invasive
plants, pose significant risks to wetland function, services, and
value in many regions. Known risk factors can be assessed through
trend or scenario analysis. For example, detailed maps of predicted

Demand Model, in EstiMaTinG Economic VALUES FOR NaTure 234 (V. Kerry Smith ed.,,
1996).

26. Discounting is used to reflect our “time preference” for goods, which can be de-
scribed as our general preference to receive goods or services now versus in the future.
References and illustrations of how discounting affects ecosystem values are provided in
the Concepts section of Dennis M. King & Marisa Mazzotta, Ecosystemn Valuation, hup://
www.ecosystemvaluation.org (last visited April 23). A description of discounting is beyond
the scope of this paper, but its effect on the scoring of mitigation trades that involve ex-
changes of mature (impacted) wetlands for young (restored or created) wetlands can be
enormous. The effect of discounting may be particularly important in the case of wetland
mitigation trades in Florida which may involve the restoration of cypress swamps that take
many years to mature to full functional capacity.
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sea level rise have been created for many areas. It may not be nec-
essary to consider natural sources of risk in areas where human risk
factors markedly outweigh natural risk factors and vice versa.

Many data sources can provide reliable information about what
anthropogenic threats exist and which wetlands are at risk. Zoning
plans, sewer extensions, and road construction, in combination
with population projections, can suggest a great deal about the po-
tential effects of population growth on wetland services and val-
ues.?” For example, a wetland’s functional capacity may be
exceeded by new inputs of pollutants. Intensive agriculture or feed-
lot operations and unsewered medium- and low-density residential
areas are land uses that strongly predict pollutants in groundwater
and surface water.?® Plans for these land uses adjacent to or up-
stream of a wetland that already receives a high nutrient load sug-
gest risk of service flow disruptions. Other zoning or regulatory
factors can mitigate (or exacerbate) risk from development such as
limits on allowable population densities, limits on land parcel size,
and stormwater zoning regulations.

It is useful to note that the site characteristics that increase ser-
vice risk may tend to be the same ones that cause the service level
at a site to be high. The value of bird watching, for example, goes
up with proximity to residential development or access, but so does
site risk. Tradeoffs associated with these kinds of conflicting goals
may need to be evaluated through a regional analysis. Depending
on its management goals, a government may choose to create a
“portfolio” of wetland sites providing different types of services in
different locations, or may concentrate on maintaining a particular
type of rare service.

E.  WVI Checklist

As discussed in this Part, the Wetlands Value Indicator system
disaggregates wetland valuation into a five step analysis:

27. Many jurisdictions generate predictions of population growth by locale or zip
code. Although many variables contribute to the density, type, and location of new devel-
opment, zoning and sewer extensions are particularly strong predictors of future develop-
ment. See Nancy E. Bockstael & Elena G. Irwin, Economics and the Land Use - Environment
Link, in YEARBOOK OF ENVIRONMENTAL Economics, 2000-2001 1 (Henk Folmer & Tom
Tietenberg eds., 2000).

28. See Carolyn R. Harper et al., Groundwater Protection in Mixed Land-Use Aquifers, 16
EnvrL. MoMmT. 777 (1992); Lenwood W. Hall et al., Status Assessment in Acid-Sensitive and
Non-Acid Sensitive Maryland Coastal Plain Streams Using an Integrated Biological, Chemical, Physi-
cal and Land-Use Approach, 3 J. AQuaT. Ecosys. HeaLtH 145 (1994).
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e Step 1: Functional Capacity. Characterize a wetland in terms of
its biophysical functions using a conventional wetland assess-
ment methodology (i.e., assess level of function and confirm
that necessary functions exist in order for a site to produce
services).

* Step 2: Capacity Utilization. Translate measures of wedand
functions into services and examine features that enhance or
detract from service being performed at a particular location
(i.e., identify potential proximate users who may derive value
from the site; characterize access to the site or adjacent sites as
necessary for service to be performed; and evaluate opportuni-
ties for rare services to be provided).

* Step 3: Service Scarcity/Substitutability. Establish the relative
abundance of these services using indicators of regional supply
and demand. Examine whether substitutes exist for the services
being examined.

e Step 4: Service Risk. Evaluate signs that service flows may be
disrupted in the future or that the value of services may change
over time (i.e., assess likelihood that function will be dimin-
ished; assess likelihood of future increases or decreases in the
demand for the service).

* Step 5: Adjusted Wetland Value Index. Indicators created in
steps 1-4 are combined to create an adjusted value index for
each ecosystem service being considered. Existing functional
capacity and certain aspects of capacity utilization will be neces-
sary for services to exist at a location. The factors that will tend
to increase value of the service are high capacity utilization,
high scarcity and low substitutability, and low risk of service dis-
ruptions. (This step is discussed but not demonstrated here).

This brief explanation and illustration of the WVI approach

reveals three fundamental features of the method. First, assess-
ments of biophysical wetland characteristics provide an inadequate
basis for comparing wetland values because a site’s capacity to pro-
duce a service does not necessarily mean that the service will be
used or valued at that location—in short, location matters. Second,
estimates of wetland value based on typical or superficial wetland
conditions (as is done in many dollar-based methods) provide an
inadequate basis for comparing wetland values because trades in-
volve specific parcels, not generic wetlands. Third, even when wet-
lands are identical in most respects, it is possible to develop
indicators of their relative value based on differences in their land-
scape contexts.

Proposing a valuation methodology without the theoretical

shortcomings of current methodologies is, of course, easy to do
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when not facing resource constraints, political opposition, and
time pressures. The more difficult, and more useful, test lies in ap-
plying the recommended methodology in real life. In the next sec-
tion, we set out to do just that. The case study presented in the
following sections employs the basic aspects of the WVI model and
explores the methodology’s ease of use, ability to provide defensi-
ble answers, time requirements, and costs. Since our aim is to mini-
mize the system’s implementation cost, our analysis uses data that
are generally available from government agencies®® and suitable
for geographic information system (GIS) analysis.? This “road
test” not only provides an opportunity to refine the methodology,
but also provides important practical insights for others trying to
value ecosystems and their services.

IV. Cast Stupy: THE LitrLE PINE IsLanD MITIGATION BANK

The following case study illustrates how wetland value indices
can be developed and applied to improve the evaluation of wet-
land mitigation trades. In addition to showing how the WVI
method could have affected the outcome of actual wetland mitiga-
tion trades, the analysis also provides guidance for further method
development and practical insights for applying the method else-
where. In doing so, we: (1) select a set of actual wetland mitigation
trades; (2) collect site and landscape information about wetland
areas gained and lost; (3) apply the information to develop relative
wetland value indicators, (4) illustrate how using the indicators
might have influenced the trades; and (5) interpret the results to
guide further research.

A. Little Pine Island

This section explains how the Little Pine Island site was se-
lected, describes the site, and identifies several assumptions made
about the site.

1. The case selection process.

The Little Pine Island Mitigation Bank (LPI) was selected after
reviewing generally available trade and landscape data for wetland
mitigation banks in Maryland, Virginia, and Florida. Time and

29. For example, the United States Bureau of the Census, the United States Environ-
mental Protection Agency, and state regulatory agencies.

30. GIS refers to computer software used to organize, manipulate, analyze, and dis-
play spatial data (i.e., computer-generated maps).
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budget constraints limited the case study to one area. Initial screen-
ing identified sites where functional indicators had been used to
score trades in significantly different landscape contexts and where
geographic information system (GIS) data were available to assess
landscape variables. The quantity and quality of information about
trades and criteria used to score them varied enormously, but the
search quickly narrowed to private banking operations in Florida
because (a) official records regarding mitigation and trading crite-
ria provided by the private sector were generally more accessible
and easier to interpret than those of government mitigation pro-
grams; (b) there have been a particularly large number of wetland
trades in Florida; (c) Florida’s Wetland Mitigation Banking Review
Team uses clearly-defined creditscoring methods; and (d) ex-
tremely good GIS data are available for the state.

In the end, we selected the LPI due, in part, to its unusual land-
scape context. In particular, because LPI is located on an island
and wetland gains at the LPI mitigation bank are used to mitigate
wetland losses primarily on the mainland, the site is a good candi-
date for illustrating the importance of landscape context in deter-
mining the value of ecosystem services.*!

2. Description of the case study area.

LP], as shown in Figure 3, is a 4,670 acre, state-owned uninhab-
ited island just off the southwest Florida coast near Ft. Myers and
within the South Florida Water Management District (SFWMD).
The island originally contained four distinct wetland types: (1)
coastal forested freshwater, (2) coastal forested saltwater, (3) her-
baceous freshwater/brackish coastal, and (4) herbaceous saltwater.
However, the island’s wetlands have been colonized by harmful in-
vasive species, including melaleuca (Melaleuca quinquenervia), Bra-
zilian pepper (Schinus terebinthifolius), and Australian pine
(Casuarinas spp.).*2 These changes have disrupted the natural hy-
drology, displaced native vegetation, and reduced habitat quality
on the island. Over 1,600 acres of LPI has been transformed from
“wet savannas dotted with hammocks and pine islands to a thick
impenetrable exotic forest.”

31. We emphasize that LPI was not picked because we thought it involved bad trades
but, rather, because we expected the landscape differences benween developed and mid-
gated sites to clearly illustrate service differences that result from location.

32. Kevin Erwin, THE ResToraTiON OF LrtTLE PINE Istanp Froripa (1998) (on file
with author).

33. Id
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Access to LPI is via a public twolane road that connects the
mainland, LPI, and Pine Island, a larger and residential island to
the east of LPI. Bridges link the road to the mainland and to Pine
Island, and use is primarily by residents of and visitors to Pine Is-
land. There is an abandoned waste treatment plant near the center
of LPI but there are no other permanent structures. In 1993, Mari-
ner Properties, Inc. entered into an agreement with the state of
Florida and the federal government to form a wetland mitigation
bank on LPIL. The bankers agreed to restore wetlands on the island
in return for the right to sell wetland mitigation credits to permit-
seekers wishing to develop wetlands elsewhere in the bank’s service
area.>*

Mariner Properties, Inc. is earning mitigation credits by restor-
ing up to 1,616 acres of wetland, or roughly one-third of LPI, over
a period of seven to ten years. Wetland restoration at LPI began in
1997 with the removal of exotic vegetation and efforts to restore
the island’s natural hydrology. Since 1997, more than 400 acres, or
25% of the most heavily impacted areas on LPI, have been re-
stored. More than 3,000 meters of canals have been filled and
backfill areas excavated to restore historical elevation. Although no
documentation is available concerning wildlife on LPI prior to res-
toration, numerous species such as otters, osprey and other migra-
tory birds are likely to have used the habitat. A nesting pair of bald
eagles has been documented on LPI since restoration efforts
began.

The functional assessment method used to score wetland trades
at LPI®® is among the best we have encountered for assessing gains
and losses in functional capacity, and seems well suited for the wet-
lands in this region. However, like other wetland assessment meth-
ods, it does not address the value of wetlands, or how wetland
exchanges are likely to affect the geographical distribution of ser-
vice loss and gain over the bank service area.?® As a result, the even-

34. The service area includes portions of coastal Collier, Lee, Charlotte, and Sarasota
Counties inland from the coast to the 100-year flood plain boundary.

35. ErwiN, supra note 32, at 34.

36. Mitigation bank service areas are determined as part of the permitting process by
the government agencies involved. Trades between the bank and wetland impact sites are
restricted to the bank’s service area unless a permitting agency grants an exception. Service
areas are typically defined using watershed boundaries, although consideration of political
boundaries or other bank’s service areas may sometimes take precedent. LPI’s service area
is unusual for Florida in that it follows flood plain rather than watershed boundaries.
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Ficure 3. Site map of litde pine island (LPI) mitigation band and impacted sites. Some
linear impact sites are represented as single points. Site numbers are arbitrary. (Site five is
missing because it fell outside the county and was omitted from the study.)

tual sale of the 1,616 acres at LPI for mitigation could constitute a
significant loss (or gain) in wetland value.

The LPI wetland mitigation bank is being used to offset wetland
impacts under regulations implemented by the state of Florida, two
regional water management districts, and the federal government.
For purposes of this study, we examine only those wetland mitiga-
tion trades with LPI that occur between late 1997 (after the bank
opened) and September 1999, and that fall under federal jurisdic-
tion. The locations of ten of the wetland sites using Little Pine Is-
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land for mitigation are shown in Figure 3.5

3. Simplifying assumptions.

For ease of analysis, we made a series of assumptions. First, we
posited that gains and losses in wetland functional capacity result-
ing from each mitigation trade were equal, and that the only po-
tential sources of differences in wetland values were differences in
location. Second, to isolate the effects of wetland location on wet-
land value, we assumed that the functional capacity lost at a wet-
land impact site is fully and immediately replaced at the mitigation
site. We also assumed that the risks of future landscape changes
affecting wetland value at the impacted and mitigated sites were
equivalent. Of course, in reality not all the functions are equal and
it may take many years for a restored mitigation site to replace the
lost functional capacity at the impacted site. Indeed the mitigation
wetland may never achieve the same level of wetland function that
is lost.

We further simplified our investigation by focusing on four wet-
land services: flood damage avoided,®® safe and abundant drinking
water supply,® recreational fishing opportunities,?® and a com-
bined service of neighborhood aesthetic amenities or recreational
viewing opportunities (e.g., having nice views or seeing song birds
in your yard or neighborhood) and educational opportunities
(e.g., having wetlands near schools or along public paths to allow
structured or unstructured educational opportunities).*! We chose

37. In order to simplify data collection and analysis, we calculated indicators only for
wetland impact (i.e., development) sites that fell within Lee County and we truncated wa-
tershed analyses at the Lee County boundary. Locations shown are not exact for all sites
due to information limitations in some public documents. Also, we included trades that
were not finalized and, thus, some sites may not have been given final approval,

38. Wetlands retain standing water and reduce the velocity of surface water flows
more effectively than other land types. The services provided by this function are primarily
associated with damage avoidance.

39. Wetlands, by trapping water that would otherwise be lost to drainage or evapora-
tion, are an important source of freshwater to underground aquifers. Also, because they
rap nutrients and filter impurities, wetlands often improve aquifer water quality.

40. Wetlands influence surface water quality and, therefore, recreational fishing op-
portunities, through filtration of runoff and by routing runoff water to aquifers which later
discharge water into streams and estuaries. In estuarine areas, the recharge of groundwater
aquifers can affect surface water salinity.

41. Onme service that most wetlands have the capacity to provide is described as “natu-
ral, open space, and visual amenities.” The value of these services is enhanced if the wet-
land exists where open space and scenic vistas are scarce, and where the wetland attracts
wildlife that adds to visual amenities and recreational viewing activities (i.e. bird-watching).
All else equal, beautiful wetlands in remote inaccessible areas are less valuable than beauti-
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these four because they generally encompass the range of services
both dependent on ecosystem functions and valued by large num-
bers of people. Lessons learned from examining these services,
however, should be directly transferable to other services.

B. Data Sources

After selecting the case study area, we collected as much socio-
economic, demographic, topographic, hydrological, and environ-
mental data as possible for areas around the wetlands that were
mitigated at the Little Pine Island bank. We necessarily cast a wide
net because it is difficult to determine a priori how many indicators
might be needed to reflect relative wetland values, how many
would be required to provide a useful basis for scoring trades, or
how many could be determined from available data. Fortunately,
such data are becoming easily available at low cost in many regions
of the United States.

The extent of available GIS data for Florida is perhaps the best
one can hope for, with roughly 240 layers (computer maps) availa-
ble.*? These maps encompass the following categories of informa-
tion: cultural (e.g., demographic data, city boundaries, historical
sites), habitat (for various wildlife or overall biodiversity), hazards
(e.g., flood plains, flight obstructions), satellite imagery, physical
(e.g., topography, bathymetry), planning (e.g., natural areas,
marine sanctuaries), property (e.g., land values), and transporta-
tion (e.g., roads). While GIS data are not absolutely necessary to
analyze differences in landscape conditions or to develop indica-
tors, they do make the analysis much easier. Florida is unusual in
that a large variety of data from government agencies has been ref-
erenced using spatial coordinates (georeferenced) and is thus suit-
able for GIS analyses.**> The database also provides detailed spatial

ful wetands where they can be seen. There are obvious wradeoffs between this wetland
service and others, such as endangered species protection, where lower accessibility and
exposure to people may be preferred.

42. The data are readily available on the internet. GeoPlan Center, University of Flor-
ida, Florida Geographic Data Library, at http://www.fgdlorg (last visited April 23, 2001)
[hereinafter FGDL].

43. We used a variety of the available GIS data types for our wetland landscape analy-
ses. Many of these data types, such as roads or land use classifications, are available for
almost all areas of the United States. However, Florida's land cover data have exceptionally
detailed land cover categories, including ones for invasive plant species. In addition, un-
common data have been gathered such as the location of driving, paddling, and hiking
paths; aggregate land values for each section-township-range; the locations of sensitive spe-
cies of fish, bird, fur-bearing animals; and the locations of biodiversity hotspots. Jd.
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data from federal government agencies including the full set of
census demographic data such as age, income, and residential
housing type.**

The amount of landscape data collected for this project was
generally satisfactory. However, time and budget constraints pre-
cluded organizing, standardizing, and analyzing all available data
to develop all the indicators that might be useful. Certain critical
types of data, such as information on the prevalence and distribu-
tion of storm water management devices (useful for evaluating the
availability of substitute services for flood protection), were unavail-
able and are shown as blank columns in the analysis tables to stress
their importance and the need for additional data.

C. Setting the Geographic Range of Analysis

As Heal et al. explain in this issue, different services operate on
different spatial scales.*> Appropriate areas for evaluating services
were defined using 1) watershed boundaries in cases where water
movement was a concern,*® 2) county boundaries when human
choice was the important variable, and 3) immediate surrounding
neighborhood for services that accrue locally. These boundaries
were used to define the likely users of a service, the area in which
access to a service is possible, and the area over which services
might be scarce or have substitutes. Physical boundaries were va-
ried based on the nature of the functions providing the services or
the mobility of users.

We use different spatial scales to assess potential use rates of
various wetland services: the local neighborhood, the watershed, or
county. Use rates are assessed locally, for example, if we assume
that only local populations will benefit. This would be the case for
example, with certain aesthetics benefits, such as the enjoyment of
scenic vistas or open space that require ownership, access, or adja-

44. In addition to the data made available from FGDL, the SFWMD planning depart-
ment provided a GIS coverage to us that reflected predicted changes in land use and an-
other showing locations of public water supply wells and wells used for agricultural,
landscaping and commercial/industrial uses. Additional data were collected from a variety
of government web sites. Some of this web-based information was used in tabular form and
related to GIS files. Some EPA data were included on the FGDL data disks. Other EPA files
were downloaded from the EPA website or requested directly from EPA.

45. Heal, supra note 17.

46. The watersheds we used were defined by the SFWMD and were generally smaller
than the 8-digit HUC code watersheds defined by the USGS and used by the EPA in the
Index of Watershed Indicators web site. See U.S. Environmental Protection Agency, Index of
Watershed Indicators, hitp://www.epa.gov/iwi (visited Apr. 16, 2001).
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cency. We use a 0.5-mile radius circular neighborhood for most
services related to viewing and aesthetic services, assuming that wet-
lands within one half mile of a park or public trail have the poten-
tial to increase the presence of birds and other wildlife at those
public areas. The presence of parks indicates that more people will
have access to those services than they would if the service were
provided in remote or inaccessible areas. We assume that proximity
to wetlands improves aesthetic benefits to neighborhood home-
owners. The presence of school-age children and/or schools in the
vicinity of a wetland is assumed to indicate greater potential de-
mand for educational opportunities. Land cover data (e.g., percent
urban land use and the associated impervious surface area within
this neighborhood) were used to estimate the relative amount of
surface water a wetland might receive, the likely level of pollutants
in that water, and the resources the wetland might protect.

Use rates for other services are best assessed over broad areas
when resources and beneficial outcomes are distributed over space
and time. For example, recharge to the aquifer improves drinking
water supply over the extent of the aquifer, and improvements in
nearby fish habitats can improve fishing opportunities and fishing
success rates many miles away. Just as groundwater may cross water-
shed boundaries,*” humans will likely cross county boundaries
when selecting recreation sites, especially if living near a county
border. Nonetheless, the county is a convenient political boundary
with distinct zoning ordinances, regulations, and land use patterns,
and thus proves useful when examining human use and preference
aspects of landscape setting. Unfortunately, data for the countyasa
whole provide little information for differentiating between sites,
since all of the study sites and the mitigation bank are within the
same county. For example, fishers, boaters, and birders in the
county could not be further differentiated with respect to their
proximity to each recreational site, although we considered the lo-
cations of boat ramps, hiking trails, and other features that re-
flected local access levels to wetlands. In situations where wetland
trades take place across a broad geographic area, a great deal of

47. Groundwatersheds may be defined for a particular aquifer to include the
recharge and discharge zones of that aquifer and may also include areas in which wells
have been or may be drilled to access the aquifer. Although groundwater does not necessa-
rily remain within watershed boundaries, which are defined based on surface water drain-
age patterns, the lack of information defining “groundwatersheds™ forced us to use
watersheds as the service area for groundwater recharge as well as other hydrological wet-
land functions.
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data reported at the county level are available that would permit
inter-county comparisons of likely users.*®

In some cases, biophysical information can be used to create
measures of a particular wetland’s service area that are more de-
tailed than a simple circular neighborhood. For example, a wet-
land’s immediate service area for surface water purification services
can often be delineated using elevation data and GIS analysis tech-
niques.* Unfortunately, thg relatively straightforward GIS tech-
nique that makes this delineation possible relies on fine scale
elevation data (i.e., Digital Elevation Model data of 1:24000 resolu-
tion or better), which were not available for Florida. Even if such
elevation data were available, however, the flat terrain and the nu-
merous canals in the region, which strongly influence water flow,
may still have precluded accurate delineation of contributing and
receiving areas.?°

D. Identifying Site-Specific Indicators for Valuation

This section discusses the development of quantifiable indica-
tors for three of the four building blocks of value—capacity utiliza-
tion, scarcity and substitutability, and service risk.*! Indicator
selection proved the most challenging, and important, part of the
case study. The questions we ideally would have answered were
listed earlier in Table 2; however, data and time limitations pre-
vented us from including or measuring all of the indicators that
might answer those questions and thus contribute significantly to
capturing a site’s value. Our eventual goal is to refine the list of

48. For example, county-level information can be used to examine recreational use
rates as collected by the US Fish and Wildlife Service.

49. An elevation map can be manipulated to generate an outline of the areas from
which surface water would drain into the wetland (contributing areas) and the areas that
are likely to receive runoff downslope of the wetland (receiving areas). The contributing
areas represent the areas from which wetlands can sequester nutrients, sediments and con-
taminants in order to protect downstream resources in the receiving areas or beyond.,

50. Other researchers looking at water flow have been forced to make similar com-
promises. See, e.g., Comprehensive Conservation, Permitting and Mitigation Strategy, A Water Qual-
ity Functional Assessment of South Florida Wetlands, at http://www.sfwmd.gov/org/pld/proj/
wetcons/waterq/wq_techpub.pdf (visited Apr. 16, 2001) (using a 300-meter (0.2-mile) cir-
cular neighborhood to study wetland risks from nutrient and toxic runoff).

51. Functional capacity, as measured by a biophysical wetland assessment system, is
the foundation of our value indicator system. Functional capacity indices would be derived
outside of the analysis presented here and would be combined with the other value indica-
tors to ensure that appropriate functions exist on a site in order to create a service. Be-
cause functional capacity indices had not been developed for all sites, we assume, for this
demonstration, that all sites have equal functional capacity.
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indicators into a minimum set that captures the bulk of value, but
for this initial implementation we included a broad list of measures
even if they were somewhat redundant with other indicators. The
sections below explain how we selected indicators and, hopefully,
will provide insights for other researchers’ efforts. Because the pur-
pose is illustrative, detailed data and rankings for each site are
tabulated only for the provision of one service—safe abundant
drinking water. Indicators selected for the other services (flood
control, recreational fishing, and aesthetics/viewing/educational
opportunities) are included in footnotes.>® The scoring method is
described and its results are analyzed in section V.

1. Capacity utilization.

Our service capacity indicators for the service of supplying safe,
abundant drinking water are chosen to reflect landscape compo-
nents that cause a function to have value in that location. The in-
dicators will therefore also reflect the loss in value that might result
from converting a wetland site to another use. In developing the
indicators, we considered many potential sources of value for wet-
lands services, however, a function only becomes a valued service
where and when that service is in demand. For example, a wet-
land’s ability to improve and protect drinking water quality has so-
cial value due to health and aesthetic improvements, wherever or
whenever quality is impaired. Similarly, a wetland’s ability to in-
crease drinking water quantity through aquifer recharge is valuable
wherever there are municipal and industrial users with non-arte-
sian wells or declining water tables, since it reduces the costs of
extracting water (deeper wells are more expensive wells). Recharge
is also valued if it prevents the need for costly desalinization in aqg-
uifers with the potential to be intruded by salt water (which can
result from insufficient recharge). These linkages between the ag-
uifer recharge function of wetlands and private and public benefits
provide a basis for defining wetland value indicators.

The initial steps in representing the value of wetland depend
first on the existence of necessary functions (which can be deter-
mined through the functional assessment scores of HGM or other
conventional techniques) and second on the necessary landscape

52. A full account of the indicators we chose and their scores for all senvices is forth-
coming. Lisa A. Wainger, Dennis M. King, James Boyd, & James S. Wakeley, Expanding
Wetland Assessment Procedures: Development of Relative Wetland Value Indicators (2001) (manu-
script on file with author).
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conditions being present to allow the function to become a service.
For example, whether or not a wetland site may provide drinking
water services depends on whether the wetland is hydrologically
connected to an aquifer used for drinking water. Once these basic
criteria are met, the relative benefits of having the service in a par-
ticular location are examined. In particular, the landscape setting
must facilitate delivery of the service in a location where people will
use and value it. In the case of safe and abundant drinking water,
the wetland’s ability to increase recharge and purify incoming
water becomes increasingly valuable (i.e., the site has a higher ca-
pacity utilization) as more and more people use the water for
drinking and as the water entering the wetland becomes more and
more polluted. Therefore, capacity utilization indicators for safe
drinking water services should reflect either the number of water
users, the quality of incoming water, or both.

Available data were resolved into five different indicators of a
site’s relative capacity utilization in providing safe and abundant
drinking water (Table 3). The first indicator, the number of major
public water supply wells within 0.5 miles of the site, directly re-
flects the extent to which the wetland provides valuable recharge
and purification services (i.e., safe and abundant drinking water
services) for current drinking water supplies with the largest num-
bers of beneficiaries. While aquifers supplying drinking water may
be recharged by wetlands located throughout the aquifer’s
recharge zone,® which typically extends further than 0.5 miles
from the supply well, keeping land near a well in wetlands can be
particularly valuable in preventing local drawdown and
contamination.>*

The second capacity utilization indicator, the number of per-
mitted water supply wells within 0.5 miles of the site, reflects the
number of water users competing with municipal sources, al-
though not all wells may be accessing the same aquifer. In Florida,
permits are required for all commercial wells (landscaping, agricul-
tural, industrial, etc.) and for public water supply, but not for pri-
vate (household) water supply. As a result, the number of

53. U.S. Corpes OF ENG’Rs, CENTRAL AND SOUTHERN FrA. ProjecT COMPREHENSIVE RE-
viEw StupY, FINAL INTEGRATED FEASIBILITY REPORT AND PROGRAMMATIC ENvIL. IMmpACT
STATEMENT, at 3-26 (1999) [hereinafter S FLa FR/PEIS].

54. Drawdown refers to lowered watertables that occur in the vicinity of a well when
pumping rates exceed the rate at which water can flow in from the surrounding aquifer.
Increased recharge from wetlands can prevent drawdown, but persistent drawdown can in
turn cause wetlands to dry up and thus be a risk factor for wetland persistence.
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permitted wells may significantly underestimate the number of
drinking water wells in areas of low and medium density residential
development, where houses are likely to be on private, unpermit-
ted wells.

The third capacity utilization indicator, the total population in
the census block containing the wetland, is used as a proxy for lo-
cal water consumption.”® A more sophisticated approach to esti-
mating water use could weight water consumption on the basis of
income.

The fourth and fifth capacity utilization indicators—the dis-
tance to the nearest animal feeding operation, and the existing row
crop area within 0.5 miles of the site—both relate to the quality of
the water likely to enter the wetland and, therefore, the degree to
which the wetland’s ability to purify water will be utilized. The
proximity to animal feeding operations and row crops were se-
lected because these are two of the most common and significant
sources of surface water contamination.?®

2. Scarcity and substitutability.

All other things being equal, the value of a particular service
increases as its scarcity increases. The availability of either identical
services or substitutable services will determine scarcity. Ideally,
drinking water scarcity would be directly reflected in drinking
water prices. However, for a number of reasons, the price paid for
water in a region is typically not a good indicator of its scarcity or

55. Census “block group” data provide information on a wide range of demographic
variables such as population age structure, education, ethnicity, income, and neighbor-
hood characteristics such as housing type for relatively small areas. The size of a bleck
group is dependent on population density; block groups usually contain between 250 and
550 housing units. In our study, the median size of a block group was roughly two square
miles.

56. We produced similar tables of the sites’ senvice capacity for flood control, recrea-
tional fishing opportunities, and aesthetics/viewing/educational opportunities. The in-
dicators used for flood control were: number of house units in floodplain, percent major
roads in floodplain, distance of wetland to watershed outlow point, neighborhood prop-
erty value, and presence of culturaily important structures in flood plain. The indicators
used for recreational fishing were: distance to watershed outflow point, whether wetland is
on major river or shoreline, whether there are seagrass beds within 0.5 miles, whether
there is rowcrop area in the site vicinity, number of boat ramps in county, and fishing pier
capacity in county. The indicators used for aesthetics / viewing / educational opportuni-
ties were: number of recreational trails within 0.5 miles, number of parks / recrcational
facilities within 0.5 miles, number of schools within 0.5 miles, number of houscholds in
census block, number of children ages 5-17 in census block, distance to park, preserve or
patch of large forest, neighborhood land values, and number of globally rare species in
neighborhood.
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TasLE 3. Capacity utilization for the service of safe, abundant drinking
water. The minimum and maximum values are shown in bold.

Site 1,6 2 3,10 4 7 8 9 LPI
Total score 1475 237 237 778 123 736 723 0
population in

census block rank 3 2 2 3 1 3 2 i
# Permitted

water supply score 9 2 3 11 0 0 40 0
wells within 0.5

miles rank 3 2 2 3 1 1 3 1
Major public

water supply score N N N 2 N N N N
wells within 0.5

miles rank 3

Distance to

nearest animal score 10 14 13 4.3 2.7 34 none none
feeding

operations rank 2 1 1 2 3 3 1 1
Existing rowcrop

area (m?) in site | score | 841626 0 0| 212230 0 0 | 1253480 0
vicinity (within

~0.5 miles) rank 3 1 1 2 1 1 3 1

value.’” As a result, we must find other indirect indicators of scar-
city and substitutability.

Identifying reliable indicators to quantify these components of
value, however, can be extremely difficult. Because wetland services
that are locally scarce may be regionally abundant (e.g., freshwater
fishing opportunities), scarcity indicators may depend largely on
the choice of geographic range. And while some services can be
replaced by distant ecosystems rather easily (e.g., existence value of
rare species), others cannot (e.g., safe drinking water). We largely
avoid this problem, however, because three of the four services we
chose to analyze cannot be easily transported between regions or
accessed by users traveling between regions (drinking water provi-
sion, flood prevention, and the combined service of neighborhood
aesthetics/local recreational viewing/educational opportunities).
Only the service of providing fishing opportunities presents major
problems for determining an approximate service area range.”®

We examined scarcity to a first order by examining the abun-

57. There are relatively few real markets for water. While water is often priced, distor-
tions and imperfections in the markets for water mean that prices bear only a loose rela-
tionship to value. See Kenneth Frederick et al., Economic Value of Freshwater in the"United States
(Resources for the Future Discussion Paper 97-03, 1997).

58. Fishing opportunities are clearly abundant within the county, so we did not deal
extensively with this issue for the scarcity indicators. However, we considered the scarcity of
water quality functions that contribute to regional fishing quality by examining scarcity of
natural land uses on a watershed basis.
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dance of wetlands over the appropriate service area, which for safe,
abundant drinking water was the watershed. While wetlands were
assumed to be the major source of supply for the services under
consideration, other natural systems were considered as potential
substitutes for some services (e.g., upland forests can trap nutri-
ents, sediments, and contaminants). In identifying substitute ser-
vices, we focused on finding variables that had the greatest
likelihood of differentiating between sites. We also limited our
analysis to substitutes that provide essentially the same service (e.g.,
other birding opportunities) as opposed to possible substitutes that
varied greatly from the original service (e.g., substituting golf for
birding as recreation). These assumptions may be adequate for
short-term analyses, but they should be revised as new information
warrants.

The scarcity of and availability of substitutes for a wetland’s ser-
vice of contributing to the supply of safe abundant drinking water
(i.e., purification and recharge functions) depends largely on ac-
tions of aquifer users (residential, agricultural and industrial with-
drawal rates relative to supply), land use in the aquifer recharge
zone, aquifer characteristics (for which data is usually poor), and
climate characteristics (which are largely imposed on the region as
a whole rather than being site-specific). In Florida, where shallow
aquifers are used for drinking water, the linkage between land use
and water supply is unusually direct. According to a Corps of Engi-
neers report for the area,? any natural area has the potential to be
a groundwater recharge area to shallow aquifers, and, therefore,
any wetland loss can be considered to decrease the drinking water
supply incrementally for Lee County.

Six indicators were identified to evaluate the relative scarcity
and substitutability of the safe abundant drinking water services
provided by each wetland site (Table 4). Four of the six indicators
are framed in terms of land use and its relationship to recharge
and water usage. These include percentages of the wetland’s water-
shed that are currently wetlands, in natural uses (including but not
limited to wetlands), and being used for agriculture, as well as the
ratio of developed to natural land in the watershed. The percent-
age of the watershed in wetlands is a direct measure of wetland
scarcity, and the percentage of land in natural uses reflects the
availability of substitutes (assuming that natural uses are the next

59. S Fra FR/PEIS, supra note 53.
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best substitutes for recharge provided by wetlands). The percent-
age of land in agricultural uses represents the relative importance
of the purification and recharge functions provided by wetlands
(i.e., more agricultural acreage means more need for purification
and recharge from wetlands). The ratio of developed uses (resi-
dential, industrial, agricultural) to natural uses was used as a proxy
for the proportion of impervious surfaces to potential recharge sur-
faces within the basin (i.e., the relative scarcity of recharge area
within a watershed).%°

The last two indicators—the total population in the watershed,
and the level of excess capacity in the current drinking water sup-
ply—both address scarcity by quantifying the relative intensity of
drinking water use within the watershed. In Lee County as a whole,
the scarcity of safe and abundant drinking water is apparent from
growth projections and remaining aquifer capacity as reported in a
recent water supply assessment.®! Population is expected to grow
by almost 60% by 2020 and industrial, commercial and agricultural
needs are also projected to increase for a total increase in demand
of 54%. Although excess capacity of water supply is not quantified,
the report states that alternative water supplies will be needed to
meet demand in the near future. The high cost of alternatives
mentioned (e.g., aquifer storage and recovery, desalinization of
deeper aquifers, and increased use of reclaimed water), demon-
strates the lack of readily available substitutes for supplying the
county with water. We used this information to qualitatively rank
water scarcity in Lee County (relative to the other counties that
were discussed in the report) with the indicator “Level of excess
capacity in current drinking water supply.” This indicator did not
vary over the scale of this analysis but may be more important in
areas which use deeper aquifers for drinking water and which are
not as rapidly replenished by precipitation. Since water supply was
not quantified, excess capacity is a qualitative measure of drinking
water scarcity (supply — demand), and the watershed population is
a proxy for regional water use (demand).®® While some of these

60. Land use classifications have a typical percentage of impervious areas associated
with them. As impervious area increases with land development, surface runoff to water-
ways increases, thereby preventing aquifer recharge.

61. DisTrICT-WIDE WATER SuppLY ASSESSMENT TEAM, DISTRICT-WIDE WATER SurrLy As.
SESSMENT: South Florida Water Management District, West Palm Beach 227 (1998).

62. The indicators used for flood control were percent flood plain in wetland, per-
cent of watershed in natural uses, percent development with stormwater management de-
vices (SWM), and percent existing development in watershed that could be retrofitted with
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scarcity indicators may seem redundant with certain capacity utili-
zation indicators, these indicators are calculated at a larger scale
and are intended to represent regional aspects of scarcity versus
the more local aspects of demand relative to supply that are consid-
ered under capacity utilization.

TasBiLE 4. Scarcity/substitutability for the service of safe, abundant drinking
water. The minimum and maximum values are shown in bold.

Site 1,6 2 3,10 4 7 8 9 LPI
% Watershed score 7 32 7 32 12 32 20 80
in wetland

rank 3 1 3 1 3 1 2 1
Total score | 246000 | 60000 | 246000 | 60000 18000 | 60000 £500 0
population in
watershed rank 3 3 3 3 1 3 1 1
% Watershed score 19 56 19 56 33 56 70 100
in natural
uses rank 3 2 3 2 3 2 1 1
9, Watershed score 13 24 13 24 [J 24 9 0
in agriculture

rank 2 3 2 3 1 3 1 1
Ratio
developed to score 41 2:3 4:1 2:3 3:2 3 25 1
natural land
in watershed rank 3 2 3 2 3 2 1 1
Level of excess
capacity in score low low low low low low low n/‘a
current drinking
water supply rank 2 2 2 2 2 2 2

3. Risk.

Since the value of a wetland as an economic asset is based on
the value of the stream of services it is expected to provide through
time, value depends on current as well as future conditions. There-
fore, a wetland value indicator should reflect expected changes in
site and landscape features that affect service flows and their val-

SWM. The indicators used for recreational fishing opportunities were percent riparian
zone of major streams or shoreline in wetland (by watershed), percent watershed with
impervious surfaces, percent watershed in agriculture, abundance of alternatve fishing
sites, trends in fish catch per unit effort or other evidence of fishery health, and percent
economy dependent on recreational fishing. The indicators used for acsthetics / viewing /
educational opportunities were percent riparian zone of major streams or shoreline in
wetland (by watershed), percent watershed with impervious surfaces, percent watershed in
agriculture, abundance of alternative fishing sites, rends in fish catch per unit cffort or
other evidence of fishery health, and percent economy dependent on recreational fishing.
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ues. In areas of rapid economic development or expected land use
changes, the risk of future service flow disruptions can have a sig-
nificant effect on wetland values. Since these risks are not uniform
throughout a watershed, their effects can vary widely from one wet-
land location to another.

We examined three types of risk that could disrupt wetland ser-
vices. The first was the risk that the wetland will be unable to pro-
vide a function at all because it is developed (e.g., drained and
filled to support structures or agricultural production). The sec-
ond was the risk that the wetland will not be able to function at
current levels due to its functional capacity being exceeded or de-
graded (e.g., excessive nutrient inputs). The third was the risk that
changes in adjacent land uses that may not affect the wetland di-
rectly, would preclude or diminish the capacity of the wetland to
provide functions or services (e.g., by disconnecting the wetland
from other watershed features).

The first type of risk—that the wetland will be developed—is
only relevant in this case for the mitigation bank. We know the
impact sites were at maximum risk of development since they were,
in fact, developed. Obviously, a site for which a development per-
mit is being sought would also be at higher risk for development
than the bank site. The risk of development is at a maximum at the
impact sites and at a minimum at the bank site, regardless of how
the indicators are measured. Although this particular type of risk
provides no basis for comparing wetland impact and mitigation
banking sites, we left this variable in the analysis because of its use-
fulness when applied to choosing wetland preservation / restora-
tion sites.

Using the available data, we were able to identify five indicators
to represent the risk that a wetland would be unable to continue
contributing to the service of providing safe, abundant drinking
water (Table 5). These indicators dealt almost exclusively with the
risk of service flows being disrupted or capacity being exceeding.
The first indicator shown in Table 5 attempts to capture the effect
of invasion by woody exotic species (melaleuca, Brazilian pepper,
or Australian pine) which often negatively influence drinking
water availability by lowering the water table (to a much greater
degree than native species) and potentially allowing salt water in-
trusion. To indicate the degree of the future threat from woody
invasive species, we used the minimum distance between each wet-
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land site and sites that are either mapped as invaded by woody ex-
otics on the land use coverage or recently treated for invasives.

Research has shown that proximity to animal feeding opera-
tions, increases in agricultural land within the watershed, and in-
creases in impervious surfaces in the watershed can threaten
surface and ground water quality.®® We have considered these
threats using two indicators, one for current “nitrogen risk” and
the other for future contamination issues due to proximity to
animal feeding operations. The indicator for nitrogen risk is in-
tended to represent risks to wetland function from pollution run-
off. The risk level was developed by researchers at SFWMD to
represent the relative threat to functional loss in wetlands based on
the expected pollutant loads associated with existing nearby land
uses.®* The distance to animal feeding operations may look similar
to the one used in capacity utilization, but here it is being mea-
sured from predicted future land use. A map of predicted land use
for the year 2020, which was developed by the SFWMD Planning
Office was used to assess this risk.

The remaining two indicators in Table 5 deal with aspects of
water level change due in one case to human activities and in the
other to natural forces (which are augmented by human activities).
We did not calculate values for the “hydrologic change™ indicator
because we did not have appropriate data, although useful data
undoubtedly exist. We nevertheless included the column in our ta-
bles because we feel that a risk assessment is incomplete without
assessing either the trends in groundwater levels or changes in
groundwater level due to the planned water infrastructure projects
mentioned in some of the planning documents. Finally, we used
wetland elevation to represent the risk of the wetland being inun-

63. SuzannE B. BRICKER ET AL., SPECIAL ProjJecTs OFFICE & THE NaT'L CENTERS FOR
CoastaL Ocean Science, NOAA, NATIONAL ESTUARINE EUTROPHICATION ASSESSMENT: Ef-
FECTS OF NUTRIENT ENRICHMENT IN THE NATION'S Estuaries (1999); Pamela A. Matson et
al., Agricultural Intensification and Ecosystem Propenties, 277 Science 504 (1997); William T.
Peterjohn & David L. Correll, Nutrient Dynamics in an Agricultural Watershed: Observations an
the Role of a Riparian Forest, 65 EcoLocy 1466 (1984).

64. Comprehensive Conservation Permitting and Mitigation Strategy, A Water Qual-
ity Functional Assessment of South Florida Wetlands (2000) (unpublished manuscript, pre-
pared for the South Florida Water Management District, on file with the author). The
particular assumptions made regarding pollutant loads are described in this report. We
selected only the nitrogen risk indicator as an example, but information on phesphorus
and toxics were also available. U.S. Envt’l Prot. Agency, et al., Wetland Water Quality Fune-
tional Assessment: Results for Lee County Wetlands, at hup://vaww.sfivmd.gov/org/pld/proj/
wetcons/waterq/wq_lee.htm (last visited April 23, 2001)
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dated due to sea level rise. We produced similar tables of the sites’
service risk for flood control,®® recreational fishing opportunities,®
and aesthetics/local recreational viewing/educational
opportunities.®’

TasLE 5. Risk for the service of safe abundant drinking water. The
minimum and maximum values are shown in bold.

Site 1,6 2 3,10 4 7 8 9 LPI
Distance to area invaded

with non-native invasive

plant species score 2.1 1.8 0.4 0.1 1.3 0.3 24 0.9
(mi) (malaleuca,

brazilian pepper,

australian pine) rank 3 3 1 1 2 1 3 2
Nitrogen risk score med low. low med med low low low
from lapd use

w/in 300 m rank 2 3 3 2 2 3 3 a
Distance to animal

feeding score 10 14 18 4.3 2.7 34| none| none
operation (mi)

(future land use) rank 2 3 3 2 1 1 3 3
Hydrologic change

(gw table score

drop, stream

diversion) rank

Wetland score 5 5 5 15 10 10 5 5
elevation

(5 ft accuracy) rank 2 2 2 3 3 3 2 2

V. ANaLysis oF ResuLts

In this section we examine our indicator results for each site
and compare scores between sites and the mitigation bank. Since
the indicators we have developed do not use a common unit of
measure, such as dollars, the scores cannot be directly combined.
We are currently developing methods for combining indicators
that will account for the relative importance and comparability of
individual measures. However, for this initial report on our work,

65. The indicators used were: wetland elevation (5ft accuracy), planned water diver-
sions, development planned on adjacent sites, and change in percent impervious surface
within watershed.

66. The indicators used were: distance to area invaded with non-native invasive plant
species, nitrogen risk from land use w/in 300 m, distance to animal feeding operation (mi)
(future land use), stream buffers required along nearest stream, and trends in recreational
fishing demand.

67. The indicators used were: distance to area invaded with non-native invasive plant
species, wetland elevation (5ft accuracy), and projected population change of school-aged
(5-17) children.
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we do not create a single score representing value for each wet-
land. Instead, we present a simple system for aggregating the indi-
cator scores for each indicator type and for aggregating all
indicators for a given service. We do not deal with the issue of
weighting the services relative to one another as this is beyond the
scope of this study.

A. Score Ranking

We use a ranking procedure to produce a simple qualitative
measure of the relative strength of each value indicator at each
site. For each indicator, scores for all impact sites and Litde Pine
Island are fit to a normal distribution; values in the top (highest
value) third of the distribution (percentile rank > 2/3) are as-
signed a value of 3; the middle third are assigned a value of 2; and
the bottom third (percentile rank < 1/3) are assigned a value of 1.
If an indicator value falls on the 1/3 or 2/3 percentile, we give the
site the higher rank. When indicators are binary (yes/no), sites
with a favorable (value enhancing) characteristic are given a
ranked value of 3 and other sites are given no score.*®

Ranks are assigned so that high rankings always indicate high
value. In other words, capacity utilization indicators are ranked
high when location gives a wetland an increased likelihood of pro-
viding a valued service; scarcity indicators are ranked high when
the services are scarce over the measured area; and risk indicators
are ranked high when the risk of future service loss is low.

1. Graphical displays.

We display these ranks in two formats. First, we use vertical bar
graphs to show the distribution of scores between sites for each
type of indicator: capacity utilization, scarcity, and risk (Figures 4-
6).%° This allows us to compare the performance of different sites
for a particular indicator type. Second, we examine all of the indi-
cator types for a single service by summing the number of occur-
rences of each possible score and dividing by the total number of
scores (Figure 7). In the horizontal bar graphs, the percent of all

68. For example, in Figure 3 we examined whether a2 major public water supply well
fell within 0.5 miles of a site. Since site 4 is the only site for which this was true, thatsite is
given a score of 3 and scores for other sites are blank. When aggregated scores are com-
pared using the percent of indicators at each rank (Fig. 6), the score of a site with a rank
on a yes/no question will improve, but scores do not decrease at sites vith no score.

69. Functional indicators were not available for all sites.
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scores that ranked either 1, 2 or 3 are shown as separate colors.
This representation allows us to examine whether scores for all in-
dicator types were consistently high or low for a particular service.

2.  Caveats.

In presenting scores, we try to minimize subjective choices, but
even our limited manipulation of the indicator results involves cer-
tain biasing assumptions. For example, when we present the per-
centage of scores at each rank (Figure 7), we implicitly assign equal
weight to each indicator, although we recognize that not all indica-
tors influence site value equally. Moreover, in assuming that the
index scores are normally distributed, we introduce several other
potential sources of bias into the scoring.”

In considering the analysis results, it is also important to re-
member that we have not incorporated the site-based functional
indices that would be a critical component of a complete analysis.
Due to inconsistent data availability for sites, and to emphasize the
landscape component of the analysis, we instead assume that all
the sites had the same functional capacities. Therefore, our results
only differentiate among sites based on the presence of landscape
factors that enhance or detract from service value. Further, by not
including the functional indices, we fail to confirm that the neces-
sary functions exist for services to exist.

B. Comparison Between Impact Sites

Indicator scores and ranks for wetland sites are shown in Tables
3-5 and presented graphically in Figures 4-6. The indicator ranks
clearly distinguish between the best and worst sites for each indica-
tor and when ranks are compared across all the services, they iden-
tify sites that consistently rank either high or low, regardiess of the
service being examined. The relative value of the intermediate
sites, where scores for a particular indicator type were inconsistent,
is less clear and requires further analysis. Figures 4-6 show how sites
compare for each of three indicator types—capacity utilization,
scarcity/substitutability, and risk—for the service of safe and abun-
dant water provision.

1. Capacity utilization.

Capacity utilization indicators were the easiest to develop given

70. See discussion infra Part VLF.
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available spatial data and, therefore, we measured more of these
indicators than any other type when all four services are consid-
ered. For the drinking water service (Figure 4), we saw consistency
among indicators for particular sites. Scores tended to clump in
the low, middle, or high range for some sites (e.g., sites 1,6 and 4
had three high scores and one or two medium scores, and LPI had
low scores for all 4 indicators),”* although some sites’ indicators
scored at both extremes (e.g., sites 8 and 9).

When viewed for all four services (not all data are shown), the
indicators again show clear distinctions between some, but not all,
sites. Sites 1,6 and 4 score high in capacity utilization across three
of the four service types, but they score somewhat lower for support
of recreational fishing. On the other hand, site 7 ranks the lowest
across all service types and has only one high score for all the in-
dicators. The remaining sites show a mix of indicator scores. Site 9,
on Pine Island, remains inconsistent when all services are consid-
ered: it has relatively high scores for recreational fishing, low scores
for flooding and drinking water, and moderate scores for aesthet-
ics. The mitigation bank on the adjacent island scores low for all
services except for a moderate to high score for the recreational
fishing service.

2. Scarcity and substitutability.

The scarcity indicators showed the same pattern as the capacity
utilization indicators in that some sites’ scores were consistent,
while others were not (Figure 5). Sites 1,6 and 3,10 scored consist-
ently high, site 7 is inconsistent, and sites 9 and LPI scored consist-
ently low. Sites 2, 4, and 8 ranked consistently high except for the
percent of watershed in wetland indicator. These sites are within
the same watershed, and because this watershed had the highest
proportion of wetlands among the watersheds studied, this indica-
tor was ranked the lowest for all sites within the watershed.

The rankings for sites 2, 4, and 8 show the sensitivity of our
results to the scale chosen for examining scarcity. Although these
sites have fairly different characteristics in their immediate neigh-
borhood, they received the same low scarcity score because they
fall within the same watershed, which is rich in wetlands. In addi-
tion, because this indicator scores lower than any other indicator
for these sites, the weight it is given will tend to decrease the overall

71. Sites shown as ## represent sites {(e.g., 1,6) that are too close 0 differentiate for
the analysis.
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1,6 2 310 4 7 8 9 LPI
Site

I Total population in census block

D # permitted w ater supply w ells within 0.5 miles

1 Distance to nearest animal feeding operation

[ Existing row crop area (m2) in site vicinity (w ithin ~0.5 miles)
[ Major public water supply wells within 0.5 miles

Ficure 4. Bar graph showing the ranked scores at each site for capacity utilization indica-
tors for the service of providing safe abundant drinking water (1 = low value to 3 = high
value). See Table 3 for raw scores and Figure 3 for site locations.

site scores proportionally. In this demonstration, we gave each indi-
cator an implicit weight of one and, therefore, these sites appear to
have relatively high value since most ranks are two or three. How-
ever, if wetland percentage within the watershed is a major con-
cern, as it arguably could be, this indicator should carry more
weight, which would reduce the overall scarcity rank and value
accordingly.

3. Risk.

Viewed as a group, risk indicators show some consistency within
sites and work moderately well to distinguish between sites when
there are more than two risk indicators for a service (Figure 6). For
instance, site 4 shows generally low scores for risk across all four
service types, meaning that the site is considered to be at relatively
high risk of service flow disruptions regardless of which service is
being considered. For drinking water, site 4’s scores are somewhat
inconsistent since the proximity of agriculture and an animal feed-
ing operation create one type of risk,”? whereas the site is the most

72. Simultaneously, proximity to agriculture contributes to high value for capacity
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Rank
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0 MLl L1 L1 L1 L e
1,6 2 3.10 4 7 8 9 LPI

Site
W % w atershed in w etland
[ Total population in w atershed
0% watershed in natural uses
O % w atershed in agriculture
[ Ratio of developed to natural land in w atershed
M Level of excess capacity in current drinking v ater supply

FiGure 5. Bar graph showing the ranked scores at each site for scarcity/substitutability
indicators for the service of providing safe abundant drinking water (1 = low value to 3 =
high value). See Table 4 for raw scores and Figure 3 for site locations.

protected from risk of sea level rise compared to other sites due to
its higher elevation. On the other hand, Site 9 on Pine Island
shows high scores for risk across indicators and service types, indi-
cating that the site is relatively protected from risk factors.

C. Comparison Across All Indicator Types

Figure 7 shows how sites compare for all indicator types com-
bined (capacity utilization, scarcity, and risk) for the service of pro-
viding safe abundant drinking water. The figure shows a nice
separation of values between sites and a clear distinction between
impact sites and LPI. LPI and site 7 have the largest proportions of
indicators ranked 1 and the lowest proportion ranked 3, tending to
indicate an overall low value for these sites for this service. Sites 4
and 1 show the lowest proportion of indicators ranked 1 and
among the largest proportions ranked 3, indicating that these sites
are high value relative to other sites.”

utilization scores. Scoring will eventually need to consider the balance between the contri-
butions to and deductions from value due to these competing influences.
73. Flood damage avoided showed a similar pattern to the drinking water service in
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Rank
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1,6 2 310 4 7 8 9 LPI
Site

M Distance to area invaded w ith non-native invasive plant specles (m)
malaleuca, brazilian pepper, australian pine)

O Nitrogen risk from land use w /in 300 m

O Distance to anima! feeding operation (mi) (future land use)

O Wetland elevation (5 ft accuracy)

Ficure 6. Bar graph showing the ranked scores at each site for risk indicators for the
service of providing safe abundant drinking water (1 = low value to 3 = high value). See
Table 5 for raw scores and Figure 3 for site locations.

D. Were Scores Consistent Across Services?

When we compare the results for all services, we see that some
sites consistently rank higher than others regardless of the service
being evaluated. In other words, sites that rank highly for one ser-

that Sites 4 and 1 again ranked highly by showing the lowest proportion of indicators
ranked 1 and Site 1 shows the highest proportion of Rank 3 (>85%). Sites 9 and LPI
ranked poorly, showing both the lowest percent of rank 3 and the highest percent of rank

Site scores for Recreational Fishing services show less of a distinction between sites
than indicators for other services. Site 1 remains one of the best sites with the lowest pro-
portion of rank 1, but shows only the 3rd highest proportion of indicators of rank 3. Sites 2
and 3 show the greatest proportion of indicators at rank 3, followed by Site 9. LPI and Site
9 no longer come in last for this service, but still have among the largest proportions of
indicators of rank 1. Overall, it is more difficult to show distinctions between sites because
of the low variability in rank scores.

Results for Aesthetics / Viewing / Educational fit a pattern similar to Recreational
Fishing or Flood Damage services. Again, LPI is clearly one of the least valuable sites for
this service since it has only a small proportion of indicators ranked 3 (~5%) and greater
than 60% of indicators ranked 1, which is the greatest proportion of any site for this ser-
vice. Site 1 again looks relatively valuable for this service since it has the greatest propor-
tion of indicators at rank 3 and the lowest proportion of rank 1 of all sites.
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FiGure 7. Bar graph showing the percentage of all indicator scores falling within each of
the three ranked values (1 (white) = low value to 3 (black) = high value). Rank scores (1-3)
are summed over all three indicator types (capacity utilization, scarcity/substitutability,
and risk) for the service of providing safe abundant drinking water. The percentage of all
indicators at a given rank is shown for all impact sites and the LPI mitigation bank. Sce
Figure 3 for site locations.

vice tend to rank highly for other services. For example, site 1 (and
adjacent site 6) shows consistently high service values and site 7
generally shows consistently low service values. This consistency
across services suggests that determining the relative importance of
individual services is not necessarily critical to determining relative
site values.™

E. Factors Affecting Final Scores

The level of land development was an important factor in rela-

74. If we want to create a single score for each wetland site, and if wetlands score
differently on different services, we would have to determine how much the score for each
sexrvice should count towards the final score. If wetlands score consistendy regardless of
service, then the weighting of services is not important. Helping locales set priorities to
determine service weights can be done through various means and has been accomplished
using “stakeholder” groups made up of interested parties and citizen juries. Sez, Thomas C.
Brown et al., The Values Jury to Aid Natural Resource Decisions, 71 Laxp Ecox, 250 (1993).
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tive site scores. For example, sites 1 and 3 both score highly be-
cause of their ability to offer a “last defense” of the estuary. Both
sites sit near the outflow of a watershed that has become relatively
developed and depleted of wetlands; they scored highly because of
upslope pollutant sources and local wetland scarcity. Conversely,
site 7 had consistently low values due to the minimal benefits it
could offer in its sparsely populated suburban, but still disturbed
setting.

The poor performance of site 7, apparent in the aggregate
scores (e.g., Figure 7), shows the potential importance of an indica-
tor weighting scheme. While site 7 did not offer a wide range of
services—few opportunities to contribute to recreational services,
for example—the services it did offer were scarce in its setting.
Therefore, weighting scarcity more highly than other indicators of
value would have led to a higher relative value for site 7. Similarly,
Site 4 has special characteristics that generate high ratings in many
categories, but loses value due to the fact that its watershed is rich
in wetland resources and at risk from agricultural activities (see
Parts V.B.2 and V.B.3). The high values for Site 4 originate from
location characteristics such as its position between agricultural
land (including an animal feeding operation) and two public water
supply wells. It also borders a nature preserve. In spite of these
significant advantages, Site 4 scores only in the middle to high
range of all sites and does not achieve the highest score as we origi-
nally thought it might.

Both these examples indicate the importance of using a weight-
ing scheme to assign relative importance to indicator types before
aggregating scores. Such a system would allow the relative impor-
tance that a community places on, say, future risk factors versus
current scarcity, to be included in the final scoring. However, the
aggregation of many indicator scores creates other difficulties.
When multiple indicators are combined using a weighted sum, for
example, indicator values may counterbalance one another and ef-
fectively cancel each other out. The greater the number of indica-
tors, the greater chance there is for the message to get muddled.
Alternative aggregation methods exist to combine indicators such
as multi-criteria statistical methods, which allow the overlap be-
tween indicators to be statistically removed. Other techniques use
set theory to create sets of indicators that either support or oppose
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an objective and ranks their degree of membership in that set.”
The fact that there is no single agreed-upon strategy and, ulti-
mately, no completely objective method for weighting scores, sug-
gests that indicators may need to be represented in several ways to
be effectively interpreted. For example, weights could be based on
various risk profiles that weight future risk to a greater or lesser
degree.

F. Passive Services

Throughout this article, we have focused on “active use” wet-
land services, which require some interaction between people and
wetlands (e.g., access, proximity, and adjacency). However, wet-
lands may also provide significant value through so-called “passive
use” services, which do not require active participation by people.?®
We used active use services in order to clarify the distinction be-
tween functions and services (as discussed in Part II.B.) and to
show how maintaining a distinction between them can improve the
criteria for comparing wetland values. However, a focus on active
use services may tend to bias our results such that sites readily ac-
cessible to people score more highly in all cases.

In some cases, ignoring passive use values could be an impor-
tant omission when comparing wetland sites. For example, if small
wetlands of low functional level for habitat are traded for a large
wetland capable of supporting rare species, passive use services
such as existence and bequest values are well supported and the
large wetland is more valuable for these services.”” In these cases,
the functional capacity indicators which measure biodiversity or
habitat quality may need only minor supplementation from land-
scape indicators to serve as sufficient measures of a wetland’s value
for passive uses. For example, landscape indicators are important
for understanding whether a given site plays a critical role in pre-
serving connections between habitat patches.

G. Were Services Compensated at the Miligation Bank Site?
The key question of this pilot project has been whether our

75. E.g., P. Nyramp ET AL., MurLTicrRITERIA EvaLvaTioN v Prystear Prasxixe (1980).

76. See supra note 7.

77. Existence and bequest values are values that people place on knoving a species
exists or that certain species might be available for their children or fuwre relations to
enjoy even if they or members of their family never plan to see the animal or visit the
habitat.
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WVI system provides a different, more accurate assessment of miti-
gation trades than current practice. Although we were not able to
address all the key questions identified in Table 2 in our evaluation
of wetland trades, we nevertheless found that the site-based indica-
tors provided some useful distinctions, at least between the sites
whose scores were most consistent.

Overall, the wetland impact sites that are on the mainland score
consistently higher than the LPI mitigation site. However, judging
whether these were “good” trades, in terms of whether services lost
at the impact sites were compensated at the bank, requires more
information than presented here. A comparison of service value
will be influenced by the relative weight assigned to the indicators
and to the services considered, the services not considered (e.g.,
passive use services), and the values of the functional indicators—
none of which were included in the scores. However, with more
work on indicator aggregation, we will be able to address how land-
scape components contribute to value in order to augment existing
functional indicator methods. Despite the limitations, our analysis
shows that the LPI mitigation site provides only a subset of the ser-
vices provided by the impacted wetland sites. The bank, which sits
on an undeveloped island, scores low on value indices that rely on
having upland sources of pollutants, such as agricultural land and
developed land. It scores low for flood damage avoided because it
does not have structures in the flood plain to protect. And it scores
low for drinking water services because the groundwater on the
island does not appear to be connected to regional water sources.
This is not surprising, since services that rely on the presence of
resource users and sources of pollutants in order to be valuable
cannot be scored as highly when the wetland providing services is
in an isolated island setting distant from people, structures, and
agriculture.

The story is more complicated, though, since the LPI mitiga-
tion site scores reasonably well on indices related to recreational
fisheries because of its proximity to shoreline, sea grass beds, and
aquatic preserves. It also ranks moderately high on indices related
to aesthetic benefits and viewing-related recreational uses. These
scores result from a scenic driving road, statewide rare species, and
nearby recreational facilities—although the same trans-island road
that provides viewing opportunities for drivers and passengers also
harms many species. Currently, there are no globally rare species
on the island, and the island setting prevents most terrestrial spe-
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cies from immigrating. Therefore, the value of passive use services,
while not evaluated explicitly, is likely not exceptional at this
location.

The relative level of risk for the bank and the impact sites may
be one of the critical issues for examining trades. For mitigation
banks that are being created through restoration, the issue of fu-
ture performance (i.e., functional level achieved) due to manage-
ment actions must be considered. For example, the LPI site is
currently overrun with invasive species which are being removed in
stages as the bank credits are sold. If, for some reason, the bank is
not completely bought out and the invasive species remain, the risk
to functions and services from re-infestation could be considerable.
However, various mechanisms (e.g., insurance bonds) are typically
used to manage risk in these situations as is being done on LPL
Other types of risk were judged to be quite low since the property
is state-owned and is set aside as a preserve.”

VI. LEessons FOr FUTURE RESEARCH

As the first application of a theoretical model to a real-life prob-
lem, we anticipated a number of challenges and were not disap-
pointed. By identifying these challenges we hope to facilitate
continued development of a standardized wetlands valuation meth-
odology. Below we list the major issues that require further
refinement.

A.  Functional Assessments

Because site scoring information was incomplete or inconsis-
tent between sites used in LPI trades, we ignored potential differ-
ences in the functional capacity at various sites. Instead, we
assumed that the same level of functional capacity was gained and
lost as a result of each mitigation trade, and that the only differ-
ences occurted as a result of where functions were provided. Dif-
ferences in the level of functional capacity at different sites could,
however, be at least as important as differences in landscape factors
in determining wetland value. Therefore, considering the gains
and losses in functional abilities could have significantly changed
our results.

78. An important indicator we did not include was whether the land was publicly or
privately held. Government ownership of the LPI mitigation bank tends to imply low risk of
land conversion and accessibility for recreational uses, although, at present, a fence pre-
vents access to the site.



470 STANFORD ENVIRONMENTAL LAW JOURNAL [Vol. 20:413

The ability to carry out this type of analysis would be greatly
improved by developing datasets that reflect functional assessments
scores from assessment systems that have been standardized and
applied uniformly to all wetland sites being compared. Without
comparable assessment methods being applied to all wetland sites,
we cannot judge whether services that could be performed are, in
fact, being performed at various locations.

B. Scale Issues

All of the trades we examined fell within a single county and we
limited data collection to that county in order to facilitate data ac-
cumulation. Unfortunately, however, truncating our analysis at the
county boundary caused biases in certain indicators. For example,
indicators that were calculated based on the land use in a circular
neighborhood around a site tended to be lower for areas where
data for the complete circle were not available because the site was
near the edge of the county. Coastal wetlands also tended to have
some downward bias for the same reason. This truncation problem
did not occur in indicators that were based on some larger analysis
regions (e.g., census blocks) because those indicators used average
or total values for the regional unit. These data, though, may be
unrepresentative of the immediate area around a wetland site
(which may or may not be a problem depending on what the indi-
cator represents).

Additionally, cutting off analysis at the county boundary could
have biased indicators of service scarcity. A service that appears
scarce within the county may not be scarce when a larger region is
considered, and that larger region may be accessible to the popula-
tion within a county. Also, we only considered the portion of the
watersheds within the county to evaluate scarcity of water re-
sources, but these watersheds extended beyond the county borders
and therefore route water resources from outside the county into
the area. Including data for areas larger than the county would
have allowed us to better understand the setting of the county in
terms of neighboring resources.

Further work is needed to more adequately address what consti-
tutes a service area over which goods can be considered either
scarce or substitutable. We also need to develop an understanding
of what are acceptable substitutes by further studying the effective-
ness of human-made substitutes such as storm water management
devices.
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C. Data Availability and Applicability

The SFWMD was wonderfully cooperative in providing informa-
tion for this study, and the data distributed by the University of
Florida GeoPlan Center were invaluable. We found, however, that
comparable agencies in other locales are not equally willing and
prepared to distribute information. To facilitate analyses such as
these, data need to be organized, standardized across regions, and
made available to researchers. Despite excellent data availability in
Florida, we were missing critical data, particularly for scarcity and
risk analyses in several cases.” For example, an important risk fac-
tor that could not be easily included was risk to drinking water
from saltwater intrusion. More specific information about
pumpage rates at particular well fields would have allowed a spatial
comparison of that risk, particularly if it could be combined with
aquifer characteristics. While more and better data would obviously
improve the analysis, the cost of improving data is not always justi-
fied by the gains in indicator precision. Future research will need
to determine the acceptable level of precision for these types of
indicators and whether focusing on a limited number of relatively
robust indicators is sufficient to make reliable wetland
comparisons.

The biophysical data for wetlands are currently collected as a
matter of course when applying the standard assessment methodol-
ogies (e.g., HEP and WET). This makes determination of func-
tional capacity indicators relatively straightforward. To impute the
value of the wetlands, however, requires social and economic data
that are more difficult to come by. Although people are required
to keep track of and report economic information for a wide vari-
ety of reporting uses (whether it be tax returns or SEC filings), the
data necessary for valuing ecosystems are not collected specifically
for this purpose. As a result, we had to develop site-specific indica-
tors by relying on data generated for other purposes. As the bio-
physical and socio-demographic data are combined, data that may
have been averaged over different spatial units (census block
groups, watersheds, counties) will be brought together and com-
pared even though some data more accurately represent condi-
tions near the site than others.®® These data scaling issues are

79. Finescale data such as tax assessment maps, for example, need to be made availa-
ble, preferably in a format appropriate to GIS software.

80. The more homogeneous the area around a geographic point of interest, in our
case a wetland site, the more likely it is that the values related to the area will remain
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certainly not new, but further examination of the influence of ag-
gregation on results is required. The key challenge, then, is to de-
velop appropriate data at appropriate scales.®!

D. Umbrella Indicators

With further analysis of the relative contribution of individual
indicators to value, we hope to find some variables that can act as
screening variables (e.g., when a globally critically endangered spe-
cies is present), and preclude the need to collect multiple variables
for each sub-indicator. Such “umbrella indicators” were also used
as part of the Exxon Valdez restoration effort. Rather than creating
many indicators to assess the health of the marine ecosystem, the
restoration plan used a small number of indicators that “bundled”
many others. For example, the bulk of the oil spill research effort
was directed at studying and restoring individual species, and the
Restoration Plan outlined restoration strategies for twenty-four dif-
ferent species or categories of organisms.®* Restoring habitat for
the most sensitive species incorporated the requirements for re-
storing the area’s ecosystems services.5?

E. Local Knowledge

Interviews or more extensive collaboration with local manage-
ment officials could have provided a deeper understanding of the
important local issues and easier access to data to improve indica-
tors. The influence of some data that were not readily available to
us, such as zoning and other restrictions, would have allowed us to
quantify some critical scarcity and risk indicators. For example,

consistent as the scale of analysis changes. In general, smaller areas will tend to contain
more homogenous conditions while larger areas will tend to mask heterogeneity over
space.

81. A related challenge is to develop data that allow comparisons between regions
locally and nationally. An example of data that support this goal is the EPA web site that
examines watershed indicators nationwide. U.S. EPA, Index of Watershed Indicators, at htip:/
/www.epa.gov/iwi (last visited Apr. 16, 2001). However, states could also develop and pub-
lish data that compare counties in terms of natural resources. Understanding the county's
role in providing services would help to interpret the standing of indicator values esti-
mated for the county. For example, if the county holds the last remaining habitat in the
state for a species, that information would help to judge the importance of a scarcity indi-
cator, even if the value was the same (e.g., all showed low scarcity) for the population of
sites being compared.

82. Exxon VALpez O1L SpiLL Trustee Councit, 1997 Status ReporT 4 (1997).

83. James Salzman & Juge Gregg, Ecosystem Services and the Exxon Valdez Restora-
tion (2001) (unpublished manuscript, submitted to EPA as part of EPA grant R82612-01,
on file with the author).
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water supply does not appear to be an immediate problem in Lee
County, but an understanding of expected growth rates and
planned development in the county would improve the under-
standing of the importance of the contribution of any given wet-
land to drinking water supply. Some adjacent counties are
developing expensive water supply projects such as desalinization
plants—understanding the population and development levels that
necessitated such undertakings could help Lee County make deci-
sions based on an understanding of the costs involved with the in-
cremental loss of wetlands.

F. Scoring Methods and Index Development

The indicators explored in our analysis are bits of information
that in some way identify the value of a wetland site’s services. Indi-
vidually, the indicators tell us something about whether the service
is present, its relative magnitude, and the benefits generated by a
service at a particular location. Compiling the indicators paints a
more coherent picture of wetland value and provides a much
richer sense of the landscape-driven service value of wetlands than
was apparent with any individual indicator.

The method we used to assign ranks to indicator values is rela-
tive. The value of a site depends on the set of other sites being
examined. We used our relatively small data set to define the distri-
bution of which sites would be considered “good” for a particular
indicator, or not. We chose to use the range of measured scores as
the full range of values for scoring, though further thought needs
to be given to the relevant population used for determining the
distribution and whether the differences between sites are impor-
tant given the variability of the population.

Additionally, we have not adequately dealt with the issues of in-
dex construction (the combination of sub-indicators into a single
index) and indicator aggregation. A composite index would be de-
sirable for a variety of reasons. By their very nature, composite indi-
ces summarize a complex array of data and rankings into a smaller
set of more easily digested information. In principle, the indicators
we developed can be aggregated to derive a single number index-
ing a site’s wetland value. In practice, aggregation is laden with
methodological difficulties although new techniques are being ac-
tively investigated.

Aggregation procedures are naturally subjective. For an aggre-
gate index to have institutional validity it must be constructed with



474 STANFORD ENVIRONMENTAL LAW JOURNAL [Vol. 20:413

a transparent methodology. In general, the validity of a given
methodology is often determined by its ease of use, its ability to
help interpret masses of data, and its broad scale acceptance. A
sound scientific basis that considers a range of social viewpoints
should guide the judgments made in the index’s construction.

Perhaps the most fundamental issue is the degree to which ag-
gregation is pursued. The more aggregation, the greater the sim-
plicity and interpretability of the final result. The tradeoff is that
aggregation obscures potentially valuable data and insights regard-
ing the sites. Composite indices are averages of sub-indices, and
the single values that they produce may conceal inconsistencies be-
tween the individual components or sub-indices. More condensed
(aggregated) data may be more easily presented and digested by
decision-makers but less condensed data have greater scientific
utility. The question is, how should the appropriate balance of
complexity and simplicity be achieved?

A set of relevant indicators will often exhibit redundancy or
cross-correlation. For example, in Table 4 (scarcity of drinking
water), the percentage of the watershed in wetland and the per-
centage of the watershed in agriculture are almost perfectly in-
versely correlated. These indicators are measuring complementary
things since more wetland (or more natural area) will tend to
mean less agricultural area. An aggregate index must ultimately
cull redundant or correlated indicators that provide relatively little
additional information regarding service values.

An understanding of indicators’ comparability is necessary for
them to be meaningfully aggregated. For instance, a simple addi-
tive weighting model requires that indicators be standardized (i.e.,
normalized) to common units. Standardization ensures that equal
changes in the level of different indicators reflect equal changes in
the social value they measure.?*

Sub-indicators used in developing composite indices must be
weighted to arrive at a meaningful composite score. Too often, the
specific weighting used is implicitly presented, rather than explic-
itly derived. For example, a simple average across indicators im-
plies that each indicator indexes social value equally. This will
almost never be true. Instead, different weights should be assigned
to different indicators and sub-indices based on statistical analysis

84. See generally Scott G. Leibowitz & Jeffrey B. Hyman, Use of Scale Invariance in Evalu-
ating Judgement Indicators, 58 EnviL MONITORING & AssessMenT 283 (1999) (discussing the
use of standardization to compare ecological end points).
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and techniques designed to illuminate relative social preferences
for the various services.

To create a composite score of wetland value, it is not just the
sub-indicators and indicators that must be combined, but also the
individual services must also be weighted. Indicators representing a
single service value allow for an unambiguous ranking of sites only
when the sites are identical in all respects but the one influencing
that service. But, as was the case in our study, sites will be better
than others in certain respects and worse in others. When this is
the case, the overall ranking must consider the different weights
given to service values derived from a set of different services. Is a
site that provides more effective flood prevention preferred to one
that more effectively supports drinking water supply? These kinds
of tradeoffs are unavoidable.

Ultimately, there is no substitute for using some method to
elicit public preferences and to assign relative weights to specific
ecosystem services. Ranked preference surveys can be used to as-
sign relative weights to services. Such surveys can be simple and
inexpensive and can yield defensible indicators associated with in-
dividual and community preferences for ecosystem services. As an
example, respondents can be asked to express the intensity of their
preferences for one service over another by ranking pairs of ser-
vices on a 1-5 scale (equal importance to absolute importance). Va-
rious statistical methods can be applied to the results of paired
preference surveys to arrive at relative service weights or rank
orderings of services.

Despite their necessity for making tradeoffs fairly among user
groups, value comparisons across services create the same
problems as any non-market valuation exercise, because revealed
values are unavailable.®® There is no entirely satisfactory method by
which “true” social preferences can be elicited. Because a signifi-
cant portion of the regional economy in Florida is based in tour-
ism, people may have quite different perspectives about whether

85. See Paul Smith & John Theberge, Evaluating Natural Areas Using Multiple Criteria:
Theory and Practice, 11 EnvrL Moyt 447 (1987).

86. Revealed values are those that are measured by observing what people pay di-
rectly for goods and services or by observing their actions. Techniques such as hedonic
pricing or travel cost are used to reveal the dollar amount that people pay for environmen-
tal amenities. The environmental values measured include what an individual is willing to
pay to enjoy an environmental amenity (e.g., the additional amount they are villing to pay
to buy a house in an area with clean air) or their willingness to accept compensation for
the loss of an amenity.
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their economic wellbeing depends on maintaining aesthetics and
recreational fishing opportunities. Direct surveys of the prefer-
ences people have for various wetland services, and how they be-
lieve their livelihoods and quality of life depend on them would
provide more evidence to help define tradeoffs among wetland ser-
vices. Particularly instructive might be differences in service prefer-
ence weights assigned by sample respondents selected from
populations at different geographic scales. It may also be useful to
have services scored from particular points of view (e.g., developer,
wetland scientist, water engineer, economist, resident, tourist, etc.)
and examine the degree of consensus among the viewpoints.

G.  Develop Information to Quantify Risk to Wetland Functions or
Services

Sophisticated techniques have been developed to assess risk,
but these techniques rely on making many simplifying assumptions
about the systems under study that are often not appropriate for
evaluating risk to ecosystem services.®” Risk in complex ecological
systems is not easily quantified, but the variety of techniques availa-
ble to deal with aspects of complex systems such as non-linear be-
havior (e.g., thresholds) continues to grow. We developed
indicators for a few known risk factors, but the exact relationship
between such issues as nutrient inputs and loss of function is not
well established. It is not realistic to expect to find simple relation-
ships given the complexities of natural systems, but continued re-
search into ecosystem collapse and recovery will continue to
improve our risk assessments, as will new techniques for dealing
with uncertainty.

VII. CoONCLUSIONS

In this study, we set out to demonstrate how location-specific
information could be used to improve decision-making regarding
wetland mitigation banking by including objective measures of eco-
nomically important variables. We sought to explore the feasibility
of a landscape-based wetlands valuation system. This exploration
required laying out a clear system of indicators that represent sig-
nificant values, identifying data that were capable of measuring

87. Ses, eg, U.S. ENviL. ProTECTION AGENcY, Health Risk Assessments, at httpy//
www.epa.gov/ncea/healthri.htm (last visited May 3, 1999).
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these indicators for each site, and combining the data into a form
amenable to policy decisions.

‘We were able to show how certain aspects of available geo-refer-
enced data sets could be used to evaluate the importance of wet-
lands at particular locations and thereby infer value from
landscape characteristics. These location-specific characteristics in-
dicated the wetland’s relative advantage in providing valued ser-
vices, and revealed when scarcity or risk of service disruption
tended to adjust the value of a wetland’s services upward or
downward.

We stopped short of quantitatively evaluating relative value for
three reasons. First, we did not have consistent or reliable data for
all impact sites on the level of function (though we note that much
of this information is gathered as a matter of course for current
wetland trades). Second, we did not have sufficient information to
weight indicators in terms of their importance to social value. Fi-
nally, we did not have sufficient information to weight services rela-
tive to one another (although this was more a function of the
limited budget and pilot nature of this project than analytic diffi-
culty). Our difficulties demonstrate that there are inconsistencies
in the way wetland functions are evaluated for trades and present
some interesting challenges for incorporating scientific under-
standing and public preferences. However, they do not present in-
surmountable obstacles to implementing such a system.

Our results show that some sites were ranked about the same
(high or low) in relation to the other sites regardless of the service
being addressed. This outcome implies that determining the rela-
tive weights (i.e., social preferences) for different services may be
relatively unimportant for assigning relative wetland values in this
particular case study. In other mitigation trades, this result may not
hold. On the other hand, understanding the relative contribution
of types of indicators to the overall value of a site is likely to be
extremely important for distinguishing between sites because these
indicators vary widely with location. To make these indicators use-
ful, though, requires that the weighting factors used when combin-
ing sub-indicators be carefully assigned so that each indicator
reflects a comparable contribution to a site’s social value.®®

While our system may not yet be at the “easy-to-use” stage, we
hope that it provides a useful framework for making land use plan-

88. In particular, risk factors were important in reducing the value of one site that
otherwise would have rated highly (Site 4).
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ning and conservation priorities more explicit and transparent
and, thereby, more easily reviewed by the public and discussed
among interested parties. Determining the relative importance of
indicators, particularly risk factors, to wetland value will undoubt-
edly be quite challenging. Yet, the fact that we are basing value on
easily observable characteristics provides the solution to the prob-
lem. The indicator value method we describe offers a way to extend
the usefulness of existing economic studies by breaking ecosystem
service value into measurable component parts. This disaggrega-
tion of the landscape components that contribute to value should
allow information about one wetland to be transferred to other
wetlands with similar characteristics. Adequate characterization of
the wetland in terms of its landscape setting would need to be ad-
ded to existing economic studies to forward this goal. With enough
information, a conjoint, or other analysis,®® of wetland characteris-
tics and their relationship to expressed values could allow us to
devise weights for some of the indicators used here.

In spite of the difficulties, we believe this method warrants fur-
ther development. The explicit recognition of the landscape char-
acteristics that confer values to wetland services in various locations
can make an important contribution to understanding and main-
taining the aspects of wetlands that people value the most. Many of
the difficulties we encountered could be overcome in time, particu-
larly if economic studies were developed to address some of the
issues raised by this demonstration.

The indicator system provides a new and more inclusive means
for considering land use tradeoffs. The wetland functional indices
used traditionally for wetland “valuation” fail to address many of
the most critical aspects of value. The system developed here helps
to reveal the value of wetlands at particular locations and offers the
ability to make decisions based on both sound ecological and eco-
nomic understanding, thereby providing a basis for more effective
and efficient trade in ecosystem services.

89. Seg e.g., M.D. Morrison et al., Valuing Improved Wetland Quality Using Choice Model-
ling, in U. SouTH WALES, CHOICE MODELING REs. Rep. No. 6 (1998) (discussing the use of
“choice modeling” to quantify non-use environmental values of the Macquarie Marshes).



