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This paper explores the geography of ecosystem service benefits, the journey from ecosystem source to
human beneficiary, using a comparative case study of the 2555 ha Cache River wetlands in rural southern
Illinois and the 362 ha Des Plaines River wetlands in urban northeastern Illinois. Applying log-linear and
exponential distance decay functions from source ecosystems to residents of zip code units yields annual
economic values for the Cache River of $28,258e$2,548,793,956 and for the Des Plaines of $531,926e
$216,284,749, with the Cache having greater value at shallow rates of spatial discounting and the Des
Plaines at steeper rates. These extraordinarily wide ranges in estimated value highlight the essential
importance of spatial discounting in ecosystem service valuation and, to a lesser extent, the importance
of the spatial unit to which they are applied. They also highlight the dearth of empirical knowledge on
the geographic context of ecosystem service values and the need to address critical research questions.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Ecosystem services is a core concept of the rapidly developing
interdisciplinary field of ecological economics (Daly & Farley, 2004)
and was adopted as a cornerstone of the landmark Millennium
Ecosystem Assessment (2005) study. The valuation of environ-
mental benefits has long been employed from a disciplinary
perspective in economics, while the integrated measurement of
the economic value of ecosystem services is one of ecological
economics’ critical empirical endeavors (see for example, Arrow
et al., 2004; Daily, 1997; Heal, 2000a, 2000b). In the critical and
contentious piece by Costanza et al. (1997), the best annual esti-
mate of the global value of ecosystem services of $33 trillion, at the
time was greater than the world gross product. The estimate made
headlines and the article is second in citations only to Hardin’s
(1968) essay “The tragedy of the commons” within the ecological
economics field (Costanza, Stern, Fisher, He, & Ma, 2005).

While the integration of ecological and economic concepts has
made a valuable contribution to sustainability science (de Groot,
Wilson, & Boumans, 2002; Kates et al., 2001), the application of
geographical concepts to the analysis of ecosystem services and
their values to society has lagged. Consider the difference in the
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economic valuation literature between revealed preference
approaches, where the values of ecosystem services are statistically
distilled from data on market transactions, and stated preference
approaches, where surveys are used to solicit values directly from
respondents in the absence of relevant market data. Revealed
preference approaches, such as the travel cost method and hedonic
property value models, often directly employ spatial strategies. In
the travel cost method, the demand for a recreation site, whose
entry fee is often zero, is derived from the cost of travel to and from
it, which increases with distance traveled (Mendelsohn &
Markstrom, 1988). The rate at which visitation per capita dimin-
ishes as a function of distance determines a revealed demand curve
for visiting the site. In hedonic property value models, properties
are divided into spatial zones corresponding to presumed intensi-
ties of the ecosystem service or risk. The positive effect of a nearby
ecosystem service flow (such as a waterfront location) or the
negative effect of an environmental risk (such as air pollution) is
then used as an independent variable in a regression explaining the
sales price (or sales price differential) of a piece of real estate.
However, revealed preference approaches often only capture
a portion of the total value of ecosystem service flows, such as
recreational value or value accruing to property owners in the
examples cited above. For this reason, economists have developed
stated preference approaches. The survey technique known as
contingent valuation is the leading example (Bateman, Cole,
Georgiou, & Hadley, 2006; Brouwer, Langford, Bateman, & Turner,
1999; Loomis, 1996; Stevens, Benin, & Larson, 1995) where
system service value: The case of the Des Plaines and Cache River
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a sample of potential respondents is drawn from the population
served by an ecosystem service and asked their willingness to pay
for improvements or maintenance of (or more rarely their
willingness to accept compensation for a diminishment in) an
ecosystem service that is carefully described in the survey. A volu-
minous economic literature (e.g., Bateman, Day, Georgiou, & Lake,
2006; Boyle, Welsh, & Bishop, 1993; Hanemann, 1984; Hanemann,
Loomis, & Kanninen, 1991; Hanley, Schlapfer, & Spurgeon, 2003;
Hein, van Koppen, de Groot, & van Ireland 2006; Kaninnen, 1993;
Loomis, 1990; Mitchell & Carson, 1989; Mullarkey & Bishop, 1999;
Smith & Osborne, 1996) has carefully refined methods for solicit-
ing accurate stated preference valuations from respondents by
dealing with issues such as payment vehicles, question format,
grouping bias, strategic bias, and the hypothetical nature of the
survey. A consensus has emerged that stated preference approaches
have validity, if not precision (Hanemann, 1994; Loomis, 2000;
Mitchell & Carson, 1989; NOAA, 1993; Portney, 1994; Smith, 1993).
However, even with its hypothetical framework, perhaps the most
serious weakness of stated preference approaches to ecosystem
valuation starts at the beginning e the population served by an
ecosystem service e which is defined by the residents of the area
within which the ecosystem service is effectively provided.

Loomis (1996) has pointed out that errors introduced in stated
preference valuation studies by inaccuracies in survey responses
are often dwarfed by inaccuracies in geographically demarcating
the population served by an ecosystem service. Bateman, Day, et al.
(2006) liken this problem to the horse in a rabbit and horse stew.
Smith (1993) concluded that “Definitions of the extent of the
market are probably more important to the values attributed to
environmental resources as assets than any changes that might
arise from refining our estimates of per-unit values.” Boyd (2008)
argues that the value of ecosystem services follows the old real
estate mantra of “location, location, location.” In particular, these
and other authors argue that, too often, mean household values for
ecosystem services derived from stated preference studies are
extrapolated over a political jurisdiction e a district, county, state,
province or nation e with the assumption that values do not vary
spatially within that jurisdiction. This assumption can lead to
ecosystem valuations that err by an order of magnitude or more. In
contrast to a political jurisdiction is the concept of an economic
jurisdiction: the area over which an ecosystem service has value to
residents. Moreover, an ecosystemmay not generate equal flows of
value throughout the economic jurisdiction, but rather be subject
to distance decay. A spatially-sensitive valuation function that
traces often diminishing flows of ecosystem services from natural
capital sources to human beneficiaries applies these geographic
concepts. This form of spatial discounting is analogous to tradi-
tional economic discounting that compares values over time.

In order to reveal the limitations of aspatial empirical
approaches to benefit estimation, consider the benefit transfer
approach. Here (1) per hectare values of a list of ecosystem services
from various ecosystem types are drawn from existing literature
(e.g., Costanza et al., 1997), (2) medium or low spatial resolution
remote sensing data (e.g., Landsat satellite imagery) are used to
estimate the hectares in each ecological type and (3) these are
multiplied and added up. Using this approach, Anielski and Wilson
(2007), for example, estimated the annual value of the ecosystem
services of the Mackenzie River basin, encompassing 1.7 million
km2, largely in Canada’s Northwest Territories, at $448.3 billion.
This may be a good rough estimate of the potential value of these
services at the location where they are generated, but the human
population of the Northwest Territories is only 43,000, yielding
grossly high annual per capita ecosystem service benefits of over $1
million. Compare this to a case study in the central UK concerning
water quality improvements in the badly polluted River Tame
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(Bateman, Day, et al., 2006). Willingness to pay (WTP) for
improvements declined to zero at a distance of only 29 km
demonstrating a very finite economic jurisdiction for ecosystem
service provision. The spatial resolution at which ecosystem types
are measured is critical (Konarska, Sutton, & Sutton, 2002), with
finer resolutions more accurately measuring often small or linear
ecosystems like wetlands and riparian zones that have the highest
value. However, the larger problem with benefit transfer is that it
measures the potential economic value at the ecosystem site, rather
than its actual value when accrued to individuals and households
residing at some distance from the site.

Economic estimates of ecosystem service values are extremely
sensitive to the geographical definition of economic jurisdiction.
For example, in a study in the San Joaquin Valley of California, Pate
and Loomis (1997) showed that restricting benefits to the political
jurisdiction (California) would underestimate the benefits by at
least $300 million, but Bateman, Day, et al. (2006) found that
applying mean household WTP bids to the political jurisdiction
(water utility service area) resulted in estimation of total benefits
that are 16 times higher than when the economic jurisdiction is
used. Moreover, some ecosystem services (e.g., waste treatment
through denitrification), may be abundant in some landscapes (e.g.,
those with a high percentage of watershed area covered in
wetlands) such that the incremental value of this service is low or
zero. In other landscapes where the service is scarce, while the
need for it is high (e.g., in urban and agricultural landscapes with
high nitrate inputs), it may have a very high value on the margin.

There have been relatively few stated preference studies that
incorporate spatial discounting into the economic analysis of
ecosystem services. Brouwer and Spaninks (1999) found a signifi-
cant spatial decay of value for preservation of peat meadowland
while the studies of Bateman, Langford, Nishikawa, and Lake
(2000), for preservation of water quality, and Martin-Lopez,
Montes, Carlos, and Benayas (2007), for sustained biodiversity,
returned similar results. Several studies also found spatial decay of
ecosystem service value for improvements to environmental
benefits. Loomis (1996) returned a shallow spatial decay of value
for salmon recovery while Bateman, Cole, et al. (2006) found
a steep spatial decay of value for improved water quality. Georgiou,
Bateman, Cole, and Hadley (2000) also found a decay of service
value in the respondents’ stated preferences for environmental
improvements. A spatially-aware valuation was included in the
2003 research of Hanley et al. for environmental improvements
which resulted in significant spatial decay for both use and non-use
values. Koch et al. (2009) examined the non-linearity in ecosystem
services and demonstrated how assumptions of spatial linearity
may not accurately represent the natural processes of ecosystem
flows.

This paper applies geographical analysis, especially in the
context of stated preference valuation approaches, to identify the
spatial extent of the market, to define the economic jurisdiction,
and to evaluate ecosystem service flows. The empirical vehicle is an
analysis of the value of two wetland ecosystems in Illinois: (1) the
fairly small and ecologically undistinguished Des Plaines River
wetlands in the Chicago urban area and (2) the larger, ecologically
distinctive Cache River wetlands in rural southern Illinois. In
exploring these two wetlands, we are not focusing on accurately
measuring the per capita or per household value of specific
services, but rather investigating the effect of different distance
decay functions on the absolute and relative value of these two
wetlands. The analysis is guided by the following research ques-
tions. (1)Which hasmore economic value, a small urbanwetland or
a large rural wetland? (2) What types of distance decay functions
are available and how does their application impact the estimated
value of thewetlands? (3)What spatial units (e.g., census tracts, zip
system service value: The case of the Des Plaines and Cache River
7.001



J. Kozak et al. / Applied Geography xxx (2010) 1e9 3
codes, counties) should distance decay functions be applied to?
Through exploring answers to these questions, we hope to serve
the larger goal of outlining a geographical approach to the analysis
of ecosystem services, especially from the demand side e who
benefits from ecosystem services and by how much e rather than
on the supply side e how does the spatial configuration of
ecosystems affect ecosystem service generation.

Methods

The critical importance of spatial heterogeneity in human
settlement patterns in determining ecosystem service value is
demonstrated using two Illinois wetland ecosystems e the 2555 ha
Cache River wetlands in rural southernmost Illinois and the 362 ha
Des Plaines River wetlands in metropolitan Chicago (Fig. 1). The
Cache River wetlands consist largely of cypressetupelo swamps
such as Heron Pond, Buttonland Swamp and Little Black Slough
lying in an abandoned channel of the Ohio River. They have been
designated as a Ramsar site (wetland of international significance)
and contain the Cypress Creek National Wildlife Refuge and an
active Nature Conservancy restoration project. The wetlands
contain over 100 state threatened and endangered species and have
been the subject of extensive ecological research (Lant, Loftus,
Kraft, & Bennett, 2001; Middleton, 1995, 1999). The Des Plaines
River rises in southeasternWisconsin and runs 241 km to the south
to join the Kankakee River to form the Illinois River southwest of
Chicago, IL. Immediately west of the City of Chicago, in suburban
Cook County, the largely fragmented Des Plaines wetlands form
a series of ponds and emergent, shrub, and forested wetlands in
narrow strips of county forest preserves. The river constitutes the
largest continuous area of open space in the Illinois portion of the
metropolitan area. An ongoing demonstration project illustrates
Fig. 1. The Cache River and Des Plaines River wetla
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the wildlife habitat and water quality improvement benefits of the
wetlands (see http://www.wetlandsresearch.org/).

We will begin the analysis by making two simple estimates of
the value of the supply of ecosystem services generated by these
wetlands at the source. The first draws from pre-existing literature.
Lant and Roberts (1990) in “Greenbelts in the Cornbelt” found
a mean annual value of $100 per household. A meta-analysis of
economic valuations of fresh water ecosystems in the U.S. by
Wilson and Carpenter (1999), of contingent valuation studies of
wetlands by Brouwer et al. (1999) and wetland meta-analysis
results of Brander, Florax, and Vermaat (2006) support this value as
a good approximation.

The second approach is a benefit transfer analysis of the
ecosystem services of gas, water, and disturbance regulation, water
supply and waste treatment, habitat, and culture/recreation as an
estimate of ecosystem service values for the two wetlands at the
source. For the 2414 ha of wetlands and 141 ha of lakes and rivers in
the Cache (see Fig. 1), the annual value using benefit transfer is
$66,673,000 while for the 125 ha of wetlands and 236 ha of lakes
and rivers in the Des Plaines, the annual value is a more modest
$6,141,000 (Table 1). Given that benefit transfer estimates a value
for the Des Plaines that is 9.21 percent of the Cache value, we can
then proceed with a per household annual value of $9.21 for the
Des Plaines compared to $100 for the Cache.Wemake no claim that
these are the “correct” values, but rather an estimate of annual
value per household at the source, to which a spatial discounting
function is then applied.

In order to explore the effect of spatial discounting, all counties,
census tracts, and zip codes within 500 miles (805 km) of each
study area were included in the study (Fig. 1). Only two studies
were found that estimate distance decay in service value over space
from the source ecosystem. Bateman, Day, et al., (2006) found that
nd areas and surrounding county populations.

system service value: The case of the Des Plaines and Cache River
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Table 1
Annual values of Cache River and Des Plaines River wetlands using the benefit
transfer approach.a

Cache River Des Plaines River

Lake/river Wetland Lake/river Wetland

Total hectares 141 2414 236 125

Gas regulation $0 $639 $0 $33
Water regulation $769 $72 $1287 $3
Water supply $299 $18,347 $500 $952
Disturbance regulation $0 $17,478 $0 $907
Waste treatment $94 $4005 $157 $208
Habitat $0 $1059 $0 $55
Culture/recreation $32 $5436 $54 $282

Total (1994 US$) $1195 $47,040 $1999 $2443
Subtotal (2007 US$) $1652 $65,019 $2764 $3377

Total (2007 US$) $66,671 $6141

a For unit values of each service see Costanza et al. (1997). Values in $1000/yr
(2007 US$).
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for the River Tame in the central UK, the willingness to pay (WTP)
for river-based ecosystem services declined in a log-linear fashion
reaching $0 at a distance of 29 km. Pate and Loomis (1997) found an
exponential decay of WTP value with a 472 km half-life for wetland
improvements in California to support salmon populations. Based
on these two studies, we developed a series of spatial discounting
functions where values decline in a log-linear manner reaching $0
at 1, 10, 100, 1000, and 29 km (from the Bateman et al. function)
from the source ecosystem. The relevant distance decay functions
(where d is distance and ln is the natural log) are:

1 km limit: lnðWTPÞ ¼ lnð$100Þ � 4:605d (1)

10 km limit: lnðWTPÞ ¼ lnð$100Þ � 0:4605d (2)

100 km limit: lnðWTPÞ ¼ lnð$100Þ � 0:04605d (3)

1000 km limit: lnðWTPÞ ¼ lnð$100Þ � 0:004605d (4)
Fig. 2. Empirical and speculative distance
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29 km limit: lnðWTPÞ ¼ lnð$100Þ � 0:1588d (5)

Similarly, the following equations specify an exponential decline
in values from the source ecosystem with spatial half-lives of 1, 10,
100, 1000 and 472 km (from Pate and Loomis). The relevant
distance decay functions are:

1 km half-life: WTP ¼ $100e�0:693147d (6)

10 km half-life: WTP ¼ $100e�0:0693147d (7)

100 km half-life: WTP ¼ $100e�0:00693147d (8)

1000 km half-life: WTP ¼ $100e�0:000693147d (9)

472 km half-life: WTP ¼ $100e�0:0014685d (10)

Fig. 2 shows graphically on a semi-logarithmic scale how these
functions result in a decline of relative value over distance from the
source ecosystem. Note that these mathematical forms do not
exhaust all possibilities for spatial discounting functions. Rather
they reflect two straightforward mathematical forms that prior
empirical research (Bateman, Day, et al., 2006; Pate & Loomis, 1997)
has shown fit the data well.

The spatial unit of analysis to which spatial discounting is to be
applied is also of critical importance. Three candidates are counties,
census tracts and zip codes, with each having strengths and
weaknesses. In order to develop an accurate empirical distance
decay function through regression, where distance is an indepen-
dent variable explaining willingness to pay, the number of spatial
units in the economic jurisdiction should exceed about 100.
Counties are thus too large when distance decay functions are
moderate to steep, though they are appropriate for studies of
national scope. Census tracts are smaller, especially in urban areas,
and have extensive demographic data beyond population totals.
However, in rural areas, census tracts can be too large to accom-
modate steep distance decay functions. Their use also requires
decay functions on a semi-log scale.

system service value: The case of the Des Plaines and Cache River
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Fig. 3. Comparison of ecosystem service values for both Des Plaines and Cache using the datasets at three scale levels including census tract, county, and zip code area. Examples are
shown of a 1 km half-life exponential distance decay function and a 10 km log-linear distance decay function.
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a careful tracking of respondent addresses so they can be placed in
the proper census tract. Zip codes lack the demographic data
associated with census tracts, but are of more equal area making
them a better choice in sparsely populated areas, especially when
Please cite this article in press as: Kozak, J., et al., The geography of eco
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distance decay functions are steep. However, they can be too large
in urban areas when distance decay functions are very steep. They
also afford an easy correspondence between respondent addresses
and location of zip codes. Data can be obtained on zip code
system service value: The case of the Des Plaines and Cache River
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Table 3
Total ecosystem service value (2007 US$) with varying distance decay functions for
Cache and Des Plaines wetlands using zip codes as spatial unit of analysis.

Zip codes Cache Des Plaines

WTP $100/HH WTP $9.21/HH

Log-linear decay $ $
WTP at 1 km 28,258 531,926
WTP at 10 km 148,450 4,260,461
WTP at 29 km 513,095 8,917,557
WTP at 100 km 4,482,309 17,368,916
WTP at 1000 km 440,603,656 70,653,000

Exponential decay $ $
1 km half-life 108,227 3,138,262
10 km half-life 2,187,200 14,308,678
100 km half-life 203,734,815 49,195,140
472 km half-life 1,718,747,054 162,774,499
1000 km half-life 2,548,793,956 216,284,749

Benefit transfer 66,671,000 6,141,000

HH: Household.
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boundaries and resident population totals from the U.S. Census
Bureau (2009). The results across these three spatial units that
utilize distance to centroid are compared in order to observe the
impact of the choice of spatial unit on benefit estimates.

The value of ecosystem services is evaluated starting at the
Cache with $100 per household and at the Des Plaines with $9.21
per household (see below). These figures are reduced on a per
household basis using the distance decay functions shown in
Eqs. (1)e(10) where d is the distance from the ecosystem boundary
to the spatial unit centroid. Discounted per household values are
then multiplied by the number of households in each zip code,
census tract, or county area. Values for individual spatial units are
then summed to attain a total value estimate appurtenant to each
distance decay function for each wetland.

Results

How valuable are the Cache and Des Plaines wetlands? The
answer depends upon the rate of spatial discounting and the spatial
unit to which it is applied. For the rural Cache, census tracts, and
even more so counties, are large relative to the economic juris-
diction when steep distance decay functions are applied (Fig. 3),
while zip codes offer a much larger number of spatial units of
analysis (Table 2). However, for the urban Des Plaines wetlands,
census tracts offer a somewhat larger number of spatial units at all
distance decay functions except the steepest e log-linear with
a 1 km limit. If associated demographic data are required, use of
census tracts is warranted. On other grounds, however, zip codes
are preferable because they providemore spatial units of analysis in
rural areas with steep distance decay and they are of more uniform
spatial extent.

If zip code values are taken to be correct on these grounds, use of
census tracts would result in values that range from 0 to 163
percent of the zip code-derived values for the Cache and 17e99
percent for the Des Plaines (Table 2). Use of counties generates
nonsensical values for the Cache at steep rates of distance decay
and values that range from 48 to 305 percent of zip code-derived
values for the Des Plaines. In general, the steeper the distance decay
function, the greater the error introduced. When values decay to $0
in less than 10 km, researchers should consider mapping the resi-
dences of respondents individually or possibly in neighborhood
clusters.

Using zip codes as the spatial unit for comparison of spatial
discounting functions, the annual value of the Cache River wetlands
varies over nearly five orders of magnitude from $28,258 with
a log-linear decay with a 1 km limit to over $2.5 billion/yr with
Table 2
Comparison of zip codes, census tracts, and counties as spatial units for conducting spat

Spatial unit Zip codes Census tracts

Study area Cache Des Plaines Cache

Spatial discounting function Spatial
units >$0

Spatial
units >$0

Spatial
units >$0

Economic val
(% of zip code

Log-linear decay
WTP $0 at 1 km 5 59 0 0
WTP $0 at 10 km 33 227 1 163
WTP $0 at 29 km 143 380 3 53
WTP $0 at 100 km 1314 1809 20 78
WTP $0 at 1000 km 12,872 11,865 22,825 98

Exponential decay
1 km half-life 20 179 1 17
10 km half-life 629 949 27 72
100 km half-life 12,871 11,865 855 84
472 km half-life 12,871 11,865 22,825 99
1000 km half-life 12,871 11,855 22,825 99
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a spatial half-life of 1000 km (Table 3). The $66.7 million/yr figure
derived from benefit transfer is exceeded at shallow log-linear
distance decay functions of 1000 km or half-lives of 472 or
1000 km, but falls below benefit transfer results at steeper rates of
spatial discounting. For the Des Plaines, the estimate spans nearly
three orders of magnitude from $531,926/yr at a 1 km log-linear
decay to $216 million/yr at a 1000 km half-life. The benefit transfer
value lies between the values calculated for a log-linear decay with
10 km and 29 km limits. These results show that the values of the
Cache and Des Plaines wetlands are not well known without
knowingwhich distance decay function describes the rate of spatial
discounting from the source ecosystem and thus defines the rele-
vant economic jurisdiction.

Which is more valuable, the Cache or the Des Plaines
wetlands? The answer depends upon the rate of spatial dis-
counting. Despite a value at the source only 9.21 percent that of
the Cache, the Des Plaines is more valuable at steep log-linear
decay functions with a limit of 100 km or less or at spatial half-life
of 1 or 10 km (Table 3). Fig. 4 (log-linear) and Fig. 5 (half-life)
reveal, using zip code boundaries, how these results are based on
the trade-offs between value at the source ecosystem and the
population of beneficiaries within the economic jurisdiction. For
log-linear distance decay functions (Fig. 4), a 1 km limit yields few
beneficiaries in the rural area of the Cache but a highly populated
river corridor of beneficiaries for the Des Plaines; 10 km from the
Cache yields a small rural population of beneficiaries in south-
ernmost Illinois but benefits much of suburban Chicago for the
Des Plaines; 29 km from the Cache yields benefits extending into
ial discounting. Note: County values were not calculated for the Cache.

Counties

Des Plaines Des Plaines

ue
value)

Spatial
units >$0

Economic value
(% of zip code value)

Spatial
units >$0

Economic value
(% of zip code value)

32 17 1 48
545 34 1 279

1576 55 3 178
2374 82 20 116

20,096 98 1186 99

298 29 1 305
2033 75 27 129

16,387 96 855 98
20,096 99 1186 101
20,096 99 1186 101

system service value: The case of the Des Plaines and Cache River
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Fig. 4. Geography of ecosystem service values calculated for zip codes for both Cache
(left) and Des Plaines (right) river wetlands based on log-linear distance decay func-
tions reaching $0 at 1 km, 10 km, 29 km, 100 km, and 1000 km.

Fig. 5. Geography of ecosystem service values calculated for zip codes for both Cache
(left) and Des Plaines (right) river wetlands based on half-life exponential distance
decay functions at 1 km, 10 km, 100 km, 472 km, and 1000 km.
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Missouri and Kentucky, but the entire Chicago Metropolitan area
for the Des Plaines; 100 km from the Cache yields benefits across
a broad region of southern Illinois, southeast Missouri, western
Kentucky and southwest Indiana within which the largest city is
Paducah, KY, but for the Des Plaines includes all of the southern
Lake Michigan region as far as eastern Iowa and Green Bay, WI;
1000 km produces benefits throughout the central U.S. as far as
Atlanta, GA, Baton Rouge, LA, Oklahoma City, OK, and Cleveland,
OH for the Cache and covers the entire Midwest for the Des
Plaines.

Spatial half-lives produce benefits over wider zones than log-
linear decay functions and, for half-lives of 100 km or longer,
include benefits beyond the 500-mile wide study area (Fig. 5). They
thus yield total benefits 2.8e45 times greater than corresponding
log-linear functions (Table 3).
Discussion

These results yield an important empirical conclusion: eco-
system services with steep rates of spatial discounting yield far
higher values in densely populated urban than in sparsely popu-
lated rural areas. This is a critical conclusion for environmental
policy. For example, Ruhl and Salzman (2006) found that wetland
mitigation banks in Florida yielded wetland losses in and near
urban areas, with compensating wetland mitigation in rural areas
with lower property values. Mitigation banks, of course, pursue this
strategy to maximize real estate values of former wetlands lost to
development and minimize real estate values on mitigation sites.
Yet, while themitigation bankmay have preservedwetland acreage
and evenwetland function, therewas certainly a net loss of wetland
ecosystem service values to people in this process of spatial rear-
rangement. As Boyd (2008) points out, ecosystems providing
services in and near urban areas are particularly valuable, even
though land use development pressures are also highest there. This
conclusion is reinforced because ecosystem services are more likely
to be scarce in urban than in rural landscapes and therefore more
valuable per household at the margin.

A second, methodological, conclusion is that ecosystem service
valuation methods that are not spatially-aware yield unreliable
results when distance decay in values exist. Fortunately, con-
structing spatially-sensitive valuation functions can be generated in
a straightforward manner. A stated preference study must start
with a spatially stratified sample of respondents from multiple zip
codes, census tracts, or counties that lie at a range of distances from
the source ecosystem out to a distance at which responses are
likely to approach $0. Distance from the zip code, census tract, or
county centroids to the source ecosystem can be easily estimated
using GIS. Once respondent locations are obtained, valuation bids
can be regressed on distance to yield a linear, log-linear, or expo-
nential distance decay function. This function can then be applied
across zip codes, census tracts or counties where per household
values are greater than $0, thereby generating an economic juris-
diction from which total benefits can be calculated, spatial unit by
spatial unit, as was performed above for the Cache and Des Plaines
wetlands.

If the straightforward methods described in the above para-
graph are followed routinely, each study will build an empirically-
estimated rate of spatial discounting. The number of these
estimates can grow over time, just as cumulative contingent valu-
ation studies have enabled meta-analysis of ecosystem service
values e though with the caveat that most of these studies are not
spatially-aware.

Amid this dearth of knowledge about how ecosystem service
values change on the journey from source ecosystem to human
Please cite this article in press as: Kozak, J., et al., The geography of eco
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beneficiary, where does research to improve this knowledge base
begin? Below are some critical research questions to be addressed.

1. How does the environmental system that conveys services
from source ecosystem to beneficiaries (or the human system
that takes beneficiaries to source ecosystems) affect the spatial
pattern of ecosystem service values? The global mixing of
atmospheric gases conveys the ecosystem service of climate
regulation provided by carbon sequestration sites to the entire
human population, while water-derived ecosystem services are
distributed spatially within the context of nestedwatersheds at
various scales with values flowing in a downstream direction
from upstream ecosystems. For example, the Des Plaines and
Cache wetlands reduce the flux of soluble nitrates to the Gulf of
Mexico thus marginally diminishing Gulf hypoxia. The value of
outdoor recreational sites decays as a function of travel costs to
them. Crops are pollinated and pests devoured by insects
inhabiting that field and the neighboring woodlot, but many
ecosystem services are conveyed over much larger areas, for
example by migrated wildlife or by gene flow.

2. Under what circumstances is the economic jurisdiction coinci-
dentwith the political jurisdiction? For example, like in a school
district, all those served by a specific water source benefit
equally from an improvement in the quality of that source.

3. Does distance decay in environmental risks behave spatially in
the same manner as distance decay in ecosystem services?
Pollution, natural hazards, and other environmental risks
diminish human utility within an economic jurisdiction while
ecosystem services augment it. Does spatial analysis of the
journey from source to impacted residence differ or is it simply
the obverse?

4. How does the pre-existing supply of ecosystem services in
a location affect the incremental value of additions or reduc-
tions in service flows? The easiest to explain example of an
ecosystem service is oxygen production through photosyn-
thesis, but O2 is so abundant it has no value at the margin.
Other ecosystem services, such as flood peak reduction, may be
so abundant in forest and wetland-rich watersheds that the
incremental value is similarly zero, while the incremental
value of flood peak reduction provided by wetlands may
be many times the published per hectare estimates in inten-
sively developed flashy watersheds upstream of urbanized
floodplains.

5. Are most ecosystem services of primarily local value and, if so,
what role does the constellation of services play in defining
a region and its quality of life? Many routine cultural ecosystem
services (e.g., gardening, biking, jogging, fishing, picnicking,
boating, hunting, casual scenery and wildlife viewing) likely
have steep rates of spatial discounting such that most of their
value accrues within a small range. The constellation of these
cultural and recreational opportunities and their availability to
the local population is an important part of a region’s sense of
place. Ecotourist visitation to National Parks, or to international
wildlife refuges to view charismatic megafauna, while impor-
tant, is perhaps the exceptional cultural ecosystem services
with shallow rates of spatial discounting that prove the steep
distance decay rule.
Conclusions

Based on the above discussion, it could be speculated that most
of the services generated by the Cache and Des Plaines wetlands
have distance decay functions close to the one identified by
Bateman, Day, et al. (log-linear with a 29 km limit), yielding an
system service value: The case of the Des Plaines and Cache River
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annual value for the Cache of about half a million dollars and for the
Des Plaines of about nine million, despite its smaller size and lesser
ecological distinctiveness. Or perhaps they have a spatial half-life of
about 10 km, yielding an annual value of $2.1 million for the
Cache and $14 million for the Des Plaines. Or maybe the two study
sites have different rates of spatial discounting because the two
regions have different constellations of competing recreational
opportunities and substitutes for the regulatory services these
ecosystems provide. Or, even more likely, each individual service
has a different rate of spatial discounting with gas and climate
regulation borne of carbon storage having none. Or maybe use
values like recreation and water supply have a steeper distance
decay function than non-use values like existence values as Loomis
(1996), Pate and Loomis (1997) and Bateman, Day, et al. (2006)
found. Clearly, this spatial analysis of ecosystem service values
raises more questions than it provides answers and, until answers
are found, wewill have only a vague and flawed notion of the value
of ecosystem services to people.
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