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Spemes Distributions, Land Values, and
Efficient Conservatlon

Amy Ando, Jeffrey Camm, Stephen Polasky, Andrew Solow*

Efforts at species conservation in the United States have tended to be opportunistic and
uncoordinated. Recently, however, ecologists and economists have begun to develop
more systematic approaches. Here, the problem of efficiently allocating scarce conser-
vation resources in the selection of sites for biological reserves is addressed. With the
use of county-level data on land prices and the incidence of endangered species, it is
shown that accounting for heterogeneity in land prices results in a substantial increase
in efficiency in terms of either the cost of achieving a fixed coverage of species or the

coverage attained from a fixed budget.

The establishment of biological reserves in
which development activity is prohibited or
otherwise regulated is a common tool for
species conservation. By making use of
county-level data on the distribution of en-
dangered species within the United States,
Dobson et al. showed that a large number of
endangered species are contained within a
relatively small number of counties and
concluded that “[i]f conservation efforts and
funds can be expanded in a few key areas, it
should be possible to conserve endangered
species with great efficiency” (I, p. 553).
This implicit equation of efficiency with
the number of counties needed to achieve a
given coverage of endangered species is rea-
sonable when land prices are homogeneous.
However, a better definition of efficiency
takes account of differences in land prices
between counties. Counties targeted in (1)
included some of the highest priced land in
the United States. Land purchases within
these counties could quickly exhaust limit-
ed resources and lead to a lower total cov-
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erage than if the same resources were ex-
pended elsewhere. Even if land is protected
by conservation easements or other regula-
tions, rather than by outright purchase, pro-
tecting land in these counties may come at
high opportunity costs.

Here, we study the effect of heteroge-
neous land prices on the efficient selection
of reserve sites. We considered two versions
of the reserve site selection problem (2).
Under the first version, known as the set
coverage problem (SCP), the objective is to
minimize a loss function such as the number
or cost of reserve sites subject to the con-
straint that all species are covered. Under
the second version, called the maximal cov-
erage problem (MCP), the objective is to
maximize coverage subject to the constraint
that the loss not exceed a specified amount.

Both the SCP and the MCP are exam-
ples of integer programming problems (3).
Effective methods for solving them have
been developed, and off-the-shelf optimiza-
tion software has progressed to the point
where it can be used effectively on large
versions of the SCP and MCP (4). These
methods have been applied to reserve site
selection (5), and we applied them here.

We used county-level data on the esti-
mated distribution of endangered species
compiled by the U.S. Environmental Pro-
tection Agency Office of Pesticide Pro-
grams (6). These data, which are essentially
the same as those used in (I), record by
county the occurrence of all plants and
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animals protected or proposed for protec-
tion under the Endangered Species Act, as
of 1995. The data cover a total of 911
species, subspecies, and populations and
2851 counties.

The corresponding county-level data on
1992 agricultural land values, in dollars per
acre, have been compiled by the U.S. De-
partment of Agriculture (7). Although it
would be preferable to have the value of
undeveloped land, the value of agricultural
land, which reflects land market conditions,
is a reasonable proxy. Values are available
for 2822 counties in the species distribution
list. We estimated the 29 missing values,
which occur mainly in counties with mini-
mal agricultural land, using values from pre-
vious years, neighboring counties, or both.

The goal of the analysis presented here
was to compare optimal site selection when
the loss is measured by the number of sites
with optimal site selection when the loss is
measured by the cost of the sites. To make
this comparison, we assumed that all species
within a county were covered in a site of unit
area. Because the size of the unit area serves
only to scale cost, for convenience, we took
it to be 1 acre. More importantly, this as-
sumption implies that all species within a
county can be covered in the same unit area.
In reality, not all of the endangered species
within a county co-occur in the same site,
and different species require reserves of dif-
ferent size for survival. In practice, the design
of reserve sites, which is the subject of a large
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Fig. 1. Cost versus coverage for site-minimizing
(solid curve) and cost-minimizing (dotted curve)
solutions.

SCIENCE ¢ VOL. 279 ¢ 27 MARCH 1998 ¢ www.sciencemag.org



Fig. 2. Selected sites for coverage of 453 species in the United States. Sites
in the site-minimizing solution only are shown in yellow, sites in the cost-

and growing literature (8), requires detailed
information about species distributions and
range requirements.

We began our analysis by finding the
optimal solution for each of a range of
values of the site-number constraint and
calculating the cost of the solution. The
results in terms of cost and coverage are
shown in Fig. 1. For example, the cost of
covering 453 species, which can be
achieved by selecting a minimum of 20
sites, is $75,700. On the other hand, the
cost of covering all 911 species, which can
be achieved by selecting a minimum of 212
sites, is $1,020,600. It is often possible to
attain the same level of coverage with dif-
ferent sets of sites of equal number. For
example, a coverage of 453 species can be
achieved by 33 different sets of 20 sites. As
a result, cost is not uniquely defined. For
example, the cost of covering 453 species in
20 sites ranges from $74,749 to $79,049.
The solutions presented in Fig. 1 were se-
lected without regard to cost.

A striking feature of Fig. 1 is its oscilla-
tory behavior for coverage between about
650 and 800 species. Within this range, it is
possible to achieve increased coverage at a
reduced total cost. This effect occurs be-
cause sites selected to achieve one level of
coverage need not be selected to achieve a
higher level of coverage. If coverage is in-

www.sciencemag.org ® SCIENCE « VOL. 279 « 27 MARCH 1998

shown in green.

creased by dropping particularly expensive
counties and adding less expensive coun-
ties, total cost may fall. This behavior is
particularly pronounced because of the ex-
tremely high estimated land value in San
Francisco County, which is an order of mag-
nitude larger than the next highest value.
As San Francisco County is added to and
dropped from the set of selected sites, total
cost rises and falls markedly.

Next, the cost-minimizing solution was

“found for each of a range of coverages. The

results are also shown in Fig. 1. As expect-
ed, the cost of this solution is less than the
cost of the solution that minimizes the
number of sites. For example, for coverage
of 453 species, the cost of this solution,
which includes 41 counties, is $22,582.
This value is around 30% of the cost of
achieving the same coverage by minimizing
the number of sites. Alternatively, if the
conservation budget is fixed at $100,000,
the cost-minimizing solution covers about
750 species, whereas the site-minimizing
solution covers only about 590 species. The
difference in cost is even more marked
when the site-minimizing solution'includes
San Francisco County, which only enters
the cost-minimizing solution at the last step
to achieve complete coverage. To make the
comparison without the dominating effect
of San Francisco County, we repeated the

REPORTS

minimizing solution only are shown in blue, and sites in both solutions are

analysis under the extreme assumption that
land in San Francisco County is free. For
coverage of up to about 700 species, the cost
of the cost-minimizing solution is 25 to
50% of the cost of the site-minimizing so-
lution. As coverage increases beyond 700
species, the relative difference in cost de-
clines until, at complete coverage, the cost
of the cost-minimizing solution is 93% that
of the site-minimizing solution. This con-
vergence is due to endemism: To cover a
species endemic to a single county, both
solutions must contain that county.

The locations of the sites selected under
the two solutions (with San Francisco en-
tered at full cost) for coverage of 453 species
are shown in Fig. 2. Although the two
solutions are similar, the cost-minimizing
solution includes sites in the Inner-Moun-
tain West and the Midwest that are not
included in the site-minimizing solution.
Although these sites are not especially rich
in species, this deficiency is offset by their
low cost. In areas common to both solu-
tions, the cost-optimal solution achieves
efficiency by avoiding costly sites and se-
lecting nearby sites that have fewer species
but are less costly. By including twice as

" many sites at 30% of the cost, the cost per

site under the cost-minimizing solution is
less than one-sixth of that under the site-
minimizing solution.
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These results should not be interpreted

as actual policy prescriptions. As in (1), the
experiments presented here are stylized.
However, these results serve to underline
the importance of considering both ecolog-
ical and economic factors in efficient spe-
cies conservation.

1.

2.
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