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4. Strategies to conserve biodiversity
Stephen Polasky

1 INTRODUCTION

For many biologists the loss of biodiversity is perhaps the single most
important environmental issue at the beginning of the 21st contury (see for
example, Myers, 1979 Wilson, 1992, 2002; Levin, 1999 Pimm, 20013
?,Hnwmﬁ 200031 A 1598 survey of 400 biological sclentists tound that “the
rapid disappearance of specics was ranked as ong of the planct’s gravest

envirenmental worries, surpassing pollution. global warming .. and

other threats (Warrick, 19983, Several studics estimate that current rates ol
exlinction are several orders of magnitude abave the aversge exlinelion rate
through geclogic time (Lawton and May, 1995 NRC, 1995, Pimm et al.,
1995). Loss of tropical forssts where a large portion of global biodiversity
resides is of particular concern.

What is known about present and past rates of extinetion. and estimates
of future extinction rates, howevar, 15 Tar from conclusive. Projections of
how many species are likely to go extinet over the coming century often use
specics-ared curve relationships, which prediet the tolal number of speciey
as a function of the total size of the arca that species could mhabit
{(MacArthur and Wilson, 1947). Predictions of large-scale extinction come
from combining the species-area curve relationship with projections of
current and furure habizat lose Using Lthis approach Wilson (1999) esti-
mated that 27 000 species a yeur are likely to go extinet. Skeptics claim that
biologists have vastly overestimatad the loss of biodiversity (e.2., Lomborg,
2001). Fewer than 1000 species have been documented as having gone
Extinet since 1500 (TUCK, 2003} Bstimating sxtinction rates is complicated
by the fact that we don’t reallv know how many species exist and often have
little record of their passing. There are approximately 1.7 million named
species while most estimates of the total number of species on earthiare in
the range from 5 to 15 million (May, 1985, 1990: Wilsan, 198%; Humphrizs
etal, 1995); Like other large environmental changes (o.z., climate change),
just how much damages human actions have already caused. or will cause if
eurrent teends continne, will not be known until the process is already well
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along, Of course, by then the dic may be cast and the loss ol a large amouny
af biodiversily may be irreversible.

Thouwgh species numbers and extinction rates grab much of the atlention,
Liodiversity is a much broader coneept than just the number of spacies and
the loss of biodiversity 1= more then simply the tumbet of extinetons A
Moss (1990] states: "Conservation biologists now recognize the blodiversity
issue as involving more than just species diversity or endangered spocies,
The issie 15 grounded 1m coneern aboutl melogice! impoverishment az mul-
tple levels of organization.” Biodiversity conservation involves everything
from conserving genstic variability withiz a population, to different popu-
lations within a species, 1o assemblages of specics within ecosystems, o
ceosvslem processces, and g diverse array of ecosysiems.

A number of arguments for the importance of conssrving biodiversity
have been advanced, Many species generats dirgct vse benafits to humuny
lexr oo, elothing, pharmacentiesls and other products: Non-consumptive
use values such as wildlife viewing and ecotourizm, are also significant, Ar
higher levels of erganization, ecosystams pertform a number of valushle
services including nutrient cveling, waste reeyeling, waler punfication, and
climate regulation (Daily, 1997 Opton values for conserving spocies cxist
gven for species with no known current nse value (Fisher and Hanemann,
12861, For example, naw pharmaceuticals or other products may be found
throwsh bioprospecting (Principle, 1989 Weitaman, 1992; Polasky et al.,
1593: Polasky and Solow, 1995; Simpson et al, 19%6; Rausser and Small,
20003, Further, species or other componznts of hiodiversity may have cast-
ence valuz {Brookshire et 11, 1983, Bishop ancd Welsh, 1992) or intrinsic
value as distinel from mstrurmental/utilitanian valoe (Weortan, 1987
Ehrenfeld, |958; Rolston, 19%4).

Threats to biodiversity arise from & wide range of human actions At the
L ol the Hst ol throats s habitat loss end Mragmentaton (Wilson. 2002,
Wilcowe et al. 1998). Czumates of species loss derived from species-arca
relationships noted above are driven solely by habitat loss, Invasive species
are another major threat, partcularly on island ccosvstems whers native
spectes ate nol well adaplod o compete with newcomers, Humans also
overharvest some species. There is evidence of large-seals dechnes n many
fish species and changes in the composition of some maring ecosystems due
to overfishing (e, Jackson et al., 2001 Myers and Worm, 2003). Other
threwts inelude pollution, particularly water pollution m aguatic coosys-
tems, and climate change (Parmessn end Yohe 2003; Root el al., 2003
Paunds and Puschenderl, 200d: Thomas et al., 2004). The effees of climate
change ars particularly important in conjunction with habitat loss and
fragmenlalion thal may prevent the movement of specizs Lo new potentially
suitahle habital ax climale changes
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Conserving biodiversity will require recucing the threats from human
getivity, Restrictions on land uss, introductions of non-native species. har-
vesting, pollution and cmissions of greenhouse gases, all may mpose sub-
gtuntial costs oneat least some portion of socicty,. As m oother areas of
environmental econoemics, an evaluation of conservation strategies requires
assessmenls of dillicall tradeafTs aboul whether the benefits of conserve-
tion exced the costs, For hiodiversity conservation. oblaining guantitative
estirnates of the value of conservation is particalarly problematic. What is
the option vilue for preserving genetie malerial? Whiat is the existznce value
ol preserving an endangerad species? Tow valuable are vanous ceosystems
services? Though some usetul evidence exists, we are far from delmitive
answers on these and scores of oither questions relared o the value ef bio-
diversily conservalion.

Rather than attempting to compare the costs and benefits of conserving
bicdiversity, this chapler focuses on the anslysis of the efficiancy of con-
servaliom strategies. What eonservation stralegy will oblam g conservation
phjective, such as maximizing the rumber of species conserved, a1 loest
cost? Or, ggquivelently, what conservation sirategy will maximize a conser-
vation ohijective given limited resources? Such analysis s important for
comparing the cost-effactiveness of alternative strategies while laraely side-
stepping the dillicult 1ssue of the valuation of biodiversity.

There is a direct analogy here with environmental policy thal alTects
hurnun health, A full cost-benefit analysis requires estimates of tha valuz of
human life, which s & controversial and ansetled area (much hke the vilu-
ation of biodiversity). Even without an answer 1o the value of hueman life
though, cost-cffectiveness analysis shows whers additional expenditures
can have the greatest impaclin terms of ves seved por dollar Such analy-
sis can be quite useful for making intelligent pelicy decisions. OfF course, at
seme poind, the dilficult guestion of whether further expenditores are jus-
tified requires judgments aboul aceeptable tradeolTs between expenditures
amid lives saved (or biodiversity consarvad),

In the nzxt section, two gereral approaches Lo cost-elzotveness analvsis
are deseribed, one by Waitzman (1998) that focuses on a species-by-species
approdchy, and one by Polasky snd Sofow {1999 that allows for analysis of
a habitat approach. In discussing the details of cost-cffective conservation
Slratepy, it is usclul to break the analysis inta two component parts, Tha first
parlinvolves ananalysis of eMicient conservalion plans assuming & planner
with access 1o all available information and the ability to fully implement
plans, Literature on efficient conservalion planning 1s reviewed in Section 3.
The second part involves an analvsis of decentralized decisionmaking,
as¥mmelne information, and other nmplementation ssues which may pre-
chude uttaining an efficient outcome, Implementation and policy issucs are
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disenssed in Section 4 The analysis in Sections 3 und 4 will focus on habitag
conservation strateres hecause habitat loss 15 the dominant threat to bindi-
versity conservition and because tssues related to habital loss invalves nove]
analbyses that are not commuonplace ineconamies. On the other hand. analy-
sis of” harvesting and pallution issuss is very well developed within resource
and envirenmenlz! coonomics with litde new to add here. Though interasr
has inereused dramatically over the past conpls of years, there i3 not yel an
cxtensive literatura within cconomics on invasive species (see Polasky et al,
2005z for a recent review). For the sake of brevity and focus, only lorrestrial
censervation will be discussed in Lhis chaprer. The rapidly growing literaiure
on conservarion in marine systerms and maring reserves will not ke covercd
here (see Botsford et al.. 2001; Sanchinico and Wilen, 2001, J002; Polusky el
al., 20055; end various articles in a special issue of Eeological Applications
in February 2003 for discussion of marine conservalion issues).

2 GENERAL FRAMEWORKS FOR
COST-EFFECTIVE CONSERVATION

‘The preservalion of biodiversity is plagued by the sbsence of a workable
cost-cllectiveness framevwork . 0 (Weitziman, 1995 po 12751

Public and private zroups with a mandats to conserve biodiversity have
limited resources Telative 1o what is necessary Lo accomplish the task. These
groups must scb prioritizs and make diffiealt choices, In essence, conservi-
tion groups face the classic coonomic problem of allocating scarce resources.
For this reason economic analysis should play a more active role in biodi-
versity conservation. This section reviews two cost-cflectivensss lrame-
works with which to analyse biadiversity conservation plans: Weilzman's
‘“Noah's Ark Problem. and Polasky and Solow’s ‘Conssrvation with Scerce
Resources”,

A, Weitzman: ‘The Noah’s Ark Problem’

[ *The Noah's Ark Problam. Weitzman sats oul Lo define a cost-effective
approsch to conservation that 1s both intuitive and rigorously derived from
basic principles. Weiteman medels 1 resoubes constrained moah who
doesn’t have an ark biz enough o fit all specics. The censervation prablem
for the space constrained Neoah is to choose species survival mrobabilities
Lo maximize sxpected utility (rom spacies conservation subject to 4 budge
constraint, Weitzman assumes that the cost of increasing survival prob-
hilitics s 4 linear funclion. He further assumes that wility consists of the
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direct value from the existence of the species, and the ‘distinclivencss” value,
which measures the differencs between a species and its closest genstic
neighbor. The distinctivencss value captures the degree to which each
species adds unique genetic information to the set of surviving species,
Cifven this setup, Weitzman proves that the optimal conservation palicy 1s
an ‘extreme policy” inwhich aich speaes isetther conserved to the maximum
degree possible or not conserved at all (wath the possible exception of asingle
fractionally conserved species). This result ccours because the objective
function is convex and the constraint is linear in probabilities. The expected
direct value from cxastence 1s simply the som of direet utzlivy value for each
species limes its survival probability, which is linear in probabilitics. The
distinctivenass value 1= convex in probabilities, The intpition for this resull
cart be most zasily scen from an example with two related species. Supposs
the distinctiveness value of conserving only one of twe species is the same
regardless of which of the species is conserved, ¥ = V{11 =V(2). Lzt the dis-
tinetiveness value ol conserving hoth species be V(1,20 Because of ths
rzlatedness of the species, adding the second species does net increase the
distinctiveness value by as much as adding the first species so that; Wil 21
Vi) + WiZi =2V how consider g problem in which the survival probubil-
ities cannot excesd one: P, +F,= L. Assuming the constraint is binding,
with Py =pand P, =1 p, the expected distinetivenass pavollis equal to:

P, P.V(1,2)+ P (1-POV( )+ (1-P P V(2)
= p(l—pIV(L2)+ p?V + (1 - pl¥
=pil —piViL2 -2V +V

Sinee V(1,2) - 2V = [, this expression is maximized by setting p=10 or
p=1. In words, it is beiler W congerve one species [or sure rather than
having a chance of conserving both species with an equal chanes of con-
SErVIng no species Compared to consarving @ single species, the loss [rom
having na species excecds the gain from adiing a sceomd specics.

.H.Emoq Weltzman's approach, which species should be conserved is deter-
mined by a simple ranking criterion:

where R, is the ranking criterion scare for species J, I, is the distineriveness
value added by species 7 £ s the direet existence value ol species £ AP, s
the change in the probability of survival of species i, and C, is the cost of
Increasing the survival probability of specics 1 The conservation budget
should be allocated to conserve the highest ranking specizs.
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Weitzman's conssrvation allocution rule 1s exceedingly simple and ntui-
tive, It the real conservalion pronlem were the sume 45 1he consinined
‘Noah's Ark Problem’ there would be litthe left to discuss, with the excep-
tiom of how large a budget should be given to Weah. Thers are at least two
reasons that real conservation problems are not the same a5 the ™oah’s
Ark Problem”. First and foremost, consarving specics tvpically requires
comserving the habitat ol the speeics, Many species live in the same habilut
s thar one cannet isodate the elfcet of a strategy on the survival probabl
ity of a single species. Ineconomic terms, habitats exhibit Joint production’
providing increased survival probabilities for ¢ number of species simultan-
eoushy Second, the costs of mereasmyg survival prebabilities are unlikely o
be linear. 1t 15 reasonable 1o cxpect that there may be sonie critical :F_w
size (or which the mareinal change in species survival probahilities is high
per unit of additional area, and heyend which the marginal change talls,

B. Polasky and Solow: ‘Conserving Biological Diversity with
Scarce Resourees’

Polasky and Solow describz a simple general approach to conserving bio-
diversity under & budgat constramt. The conservation problam is to choose

atfordable conservation strategy ¢ from the sel of polenial conservation
slrategies § to maximize expected hiodiversity comserved:

inﬁv INxIBAx)
.ﬁ__ o= = B

where x is a particular culeeme [rom the set of possible outcomes, &, Dix)
is the biodiversity measure of outcome x, Pix) is the probability of
culeame & under conservation strategy s, (el 1s z,._w cost of strafegy s, m:a
i 15 the size of the conservation budget. Formally, this problem s virmally
the same g5 maximizing expected utility under a budget constraint, with
03 plaving the role af the urility functien.

What makes this problem dilferent [rom a standard cconomic expected
utility maximization problem comes from delining the measure of bio-
diversily, INx), and translating # conservalion strategy inte a ?.n.w_ma__:ﬁ.
distribution ovar possible molegeal outcomes, £, g Thers arsa range ol
potential biodiversily measures that could be used, includmy i.. szizs rich-
ness (the number of specics), measures of species diversity that includes &
premium for taxonomic distinctiveness (Vane-Wright ot sl 1991 Faith,
1992 1904: Weitzman, 1992; Solow at al.. 1993; Solow and Polasky, 1994),
measures of relative shundances of specizs (see Mupurran, |98, 2004), ar
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reasures ol ceosystem properties such as productivity (Nasem et al . 1994,
19945 Tilman et al., 1996 Hector et al. 19999, stability (Tihman and
Powning, 1894 MeGrady-Steed o m_: 1997, MNaaem and Li 1597,
resilience (Hollings, 1973 Perrings et al. 1995 Carpenter et al. 1999
Walker ct al.. 199% Scheller oy al., 200 H yor Em value of ecosysiom servicey
(Costanza et al., 1997, Daily, 1997: Dialy et al., 2000,

There are also different approaches for determining how conservalion
strategics ::_._mn om Lhe probability of various potential ouleomes ocour-
ritg depending in part on what objective s used for D0x), Understanding
the likelihood of outcome x ocourting under strategy 5, Pix), requires
understanding biological cause-and-eifect relationships in relalion to man-
agement actions. In other words, 11 reguires inteprating biological know-
ledge into an eccnomic decisionmaking lramework. Thers is a long
tradition of this kind of integration in biceconamic models of eptimal har-
vesting (e.g., Clark, 1900} but thes integration is in its infancy for modelng
conservation of habitar or invasive species comtrals Biologists are not often
used to thinking i terms of marginal analvsis useful in analysing policy
alternatives. Economists often ignore orsimplity biclegical relationships in
seomomic models, Integrazion of biological refalionships with decision-
making approaches [rem econemics will vltimarely make such approaches
of sreater value

Integrated biveconomic madels of conservaliom siralegy may turn out 1o
be & rich avenue of research, but such models are unlikely to give neat ana-
¥tic solutions as in Weitzman (1998}, Even when a measurs of species
diversity 1% uszdl, a5 in Weitzman (1998), the conservalion sirateay is rarely
specific to a single species. As stressed in the introduction. the key threats
Lo species consetvation are loss of habital end invasive spacizs. Conserving
habitat, or protecting an ecosystem from invasion, _J._,.___nu:u‘. pronvides pro-
leetion for multiple species withim an ecosystem (joint production). Joint
production along with spatial and dynamic relationshins maks conserva-
tion problems complex. While the Noah's Ark rule works for a space con-
strzined Moah, modern Weahs thal seck to conserve hiodiversity through
habital protection or invasive species control have 4 lougher challenge in
determining cost-effective conservation stratesies, This challenpe is taken
up in the pext szetion,

3 COST-EFFECTIVE CONSERVATION STRATEGIES

This section reviews work fram conservation biclogy and economics on

Strategies o conserve blodiversity via habitat preservation and control of

Invasive species. As compared Lo the general frameworks of Section 2. this
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section is more specific about the details of conservation strategies. Of the
two 1ssues, habitat conservarion and invasive species control, far more
leraturs wo date hus been direcied toward habvtat conservation. The bulk of
this section will review habitat conservation strategies. The small Rieraturs
an contrelling invasive spacizs, which has been starting to grow more ripidly
within the past couple of years, will be covered at ths end of the section,

A. Habitar Conservation: the Reserve Site Selection Problem

The widespread conversion ol land to human dominsted uses in many
argas has lefr small fragmented islands of more natural habnal cepable of
supparting & wide range of biodiversity. Vast areas of temperate forests and
grasslunds have been converted (o Tirmlands, pasture and urban develop-
ment. While some temperate areas have shown slower rales ol convarsion
in recent v2ars or even regrowth of forests, habirat destruction i tropreal
developing countrics hys contmuzd unghated, In response to the loss of
habitat, conservation biologists heve proposed cslubhishing o svstam of
formal protected areas to preserve kev temnants of remaining nalural
habitut. 11 1s estimated that protected areas now cover 11,5 per cant of land
globally (Chape etal.. 2002} Yeb recent stodics show that curment protected
arzas are inadequate to conserve il of biodiversity {Rodrgoes el al | 20040
With an expanding human population and tnmet human needs, particu-
larly in tropical developing countries, there will be limits on how much land
will be devoted to meet conservation phieciives

What lands should De sst asade as nature reserves 1o conserve biodiver-
sity miven Lhe other prossmyg demands on Tand use is o classic sconomic
problem. In fact, this is an execellent problem with which o explain basic
sconomic congepts such as opportunity cost ar the optimal allocating of
scarce resources under a budget constraint to biologists who may be
unfamiliar (or skeptical) shout the relevance of ceonomic tools. Therz s a
large literature. written mostly by conservarion biclogists though eccone-
sl have become more sctive in recent yvears. on setfing priorities for
habital conservation.

A simple yet instructive approach 1o systematic consarvation planning is
the “reserve site selection’ problem. In the standard formulation of this
problem, a conservalion planner chooses sites to include in a conservation
reserve network to represent the maximal number of species within the
reserve netwark, subject to a consiraint on the total number of sites that
can be mcluded:

M E“M.v ;
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P
o

(2)

(3]

where p; is an mdicator variable for speeies ¢ survival (1= 1 11 species f sur-
vives and y.=Nas species § goes extinct) for all 7 € 1, where Tis the set af all
spevics: x, as an indicator vanable for whether site f is selected (x = 1 iF site
i1s selected in the reserve network and x; =0 it site j s not selected) for all
J & J, where J 15 the szt of all potenuial teserva sites; IV, is the sut of sites in
which species / pocurs; and & is the number of sites that may be included in
the reserve netwerk. This is an inleger programming problem that is called
the maximal coverage problem’ in operations feszarch (Church and
Revelle, 1974; Underhill, 1994: Camm et al., 1998). Even rzasanahly larzz-
sized problems with hundreds of sites can be solved usimg branch-and.
bound algorithms (Church et al.. 1996: Csuti et al.. 1997 Prossey et al.,
1997 Ando et al | 1995). . .

In some respects, the reserve site selection psroblem Tesembles the Noah's
Ark problem. with the cellection ol reserves sites censtituting the consar-
vation network playing the role of the ark. There 15, however, one import-
ant dilferznce between the two problems. In the Moah's Ark problem each
species 1s chosen individually, Tn the reserve site selection problem, sites that
conlain numernus species are chosen. Because of the petentially compli-
cated paltern of overlap in speeizs there isn't a simple mcthod for finding an
aptimal solution. In choosing sites, complementary sites that add dilferent
specics than are represented in other selected sites are more valuable than
sites with higher species richmess but mors overlap (Pressey et al., 1993),

By solving the reserve site selection problem tor different levels of the
constraint on the number of sites that can be included in the reserve
network one can trace out an accumulation curve showmng the number of
specigs that can be representad for various sized conservation natworks
Csuti et al. (1997) solved [or an accumulation curve for terrestrial verte-
brates in Orggon. The aecumulation curve is initially quite steep as numer-
QUS specics co-occur in Lhe same biologically rich siles, but declines quickly
ey the first few sites. Over 90 per cenl of all terrestrial vertehrate specics
m Oregon were included in & reserve network of five sites and over 93 per
cent werg included in ten sites In tolal 23 sites were needed o melwds 2l
species, with the last sites adding only one or Lwe species as a time.

The reserve site selection problem cen be translated o u budgect
constrained rather than site constrained problem by incorporating the
cosl of including site 7 in the reserve network. Doing so, the consiraint in
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equztion (3) cun be rewritten as: X ¢;x,= B, whers < is the cost of including
site §in the reserve network and & 15 the lote! conservation budget (Andeo
et al., 1995 Polasky et al., 2001 In this case, the accumulation curve
hecames a4 cost eurve showing the minimun: total cast necessary Lo repre-
senl g given number of species in the nebwork. Ando et al. (1958) used det
anaverage valoe of agricultural land and endangered species by county o
sivlva tor hath a budeet constrainzd and a site constrained reserve nebworl,
By choosing siles thal have a high species represented per dallar ratio rather
than the biologically rich sites, the budget constramned solution resulted in
the same number of endangered species represented in selecied siles 2l one-
third to one-hall' the cost of the site constrained approach. Under the
budget constrained approach, sites with lower land costs in the interor
mountain skates are included more eften whereas the site constraincd solo-
ton ineludes ore sites with high land cests such as coastal Southern
Califernia. Both Ande et al. (1998) and sk oL al, (20001 found low
costs for conserving the majority of species with steeply risimg cosls as solu-
tions approgch complate representation,

Ata global scale, Balmlord el al. (20030 used cost-eectiveness analysis
to find that Iarge efficiency gains could be made by redisinbuting conser-
vation efforls onward tropical developing countries where the costs of pro-
tection are low and the benefits ol protection are high, They found a “gross
mismateh batween bensficial conservation projects that are coneentralec
in tropical developing countries and current conservation spending that is
heavily skewed toward temperate developed eouniries, They find that cosd
differences among sites range over several orders of mupmilude, which is
greater Lhan the variance of hiological benefits. Balmford =t al. (2003) con-
clude that Fatlure e meorporate costs inlo conservation planning will resalt
in missed opportunities for greater conservation elficieney. This study high-
hgzhts imporiant differences in costs and benefits of conservation dacross
countries. However, the stody was limited in the type of cost data 1 usad.
focusing on management costs while nol meorporating land purchase or
oppartunity costs that are likely 1o make up a large traction of conscrvis
Lion cosla More work snalvsing cost-cfTective conservalion siralegies &
international scale would be highly benefical,

In almost all applications, information about costs or Denefits of con-
servalion is incomplete. Seversl sluchics have analysed reserve site selection
when information about species ranges is incomplete. Polasky et al. (2000)
use heuristic methods to maximize expeclal specics representation 1 4
reserve nelwork given only prababilistic informaation about species ranges.
Camtn et al, (20023 solved the cxpected species representation probler
using linear approximations to achisvs a solution arliiranly close to the
aplimal solulion using linear programming techoiquas, Overall, selutions

[
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Lo cxpecled spocics representition problem tend to be similar o solutions
assmming presencefabsence date. One difference between the approsches,
however, is that two nearby sites can be included wnder Lhe probabiliste
approach. where doing so increases the probability of representation
tor some set ol species, bul not under the presencelabsence approach,
Ingorporating uncertainty opens several important dimensions for research
including species persistence probabilities, threats of habitat comversion

and stochasuie evenla some of which are discussad in the n2xt subsection,

B. Modeling Land Use and Species Persistence: Bevond Reserves and
Bevond Hepresentation

Lilumately what is of imporiance is the long-term survival of odiversity,
Tast because species are currently representad inside a resarve nevwork doey
not necessarily guarantee their persistence over Ume: Resarvs sites may be
too small o susiain a viabls popularion: There may be drouwght, disesss or
other stochastie cvents that wips out lecal populations. Cenditions m
reserves may become less hosmuable Lo species over Ume dug to natural suc-
cession of climate change Similarly. species cutside of the reserve system
will not necessanly perish, Many specizs can tolerate some level of human
activitw and habitat disturbeinee. Some specics thrive in human dominated
landseapes, though these species are not necessarily species that humans
prefer (e, tats and mpeens). Further, not all land cutside of reserves will
be hesvily impacted by buman actvitics (at leastin the nowr term). For Lhese
reasons, conservation analysis must progress bevond mere représentation
(a5 the reserve sile selociion approach) and address likely persistence,

Another faet pushing analvsis bevond consideration of reserves s the
fact that the vast majorty of lund liss outside of protectad areas. For con-
servalion of biodiversity 1o be successlul Tousghly 90 par cent of Tund that
fies outside of formal protected arsas must contribute to conservation
goals Many analysts huve pomted out the need to move beyond reserves
and analyse the likely conservation ouwlcomes sy & Tunction of what is
happening on Lhe entire landscape {eg., Franklin, 1993; Miller, 1996;
Feid, 1996; Wear et al., 1996: Diaaly el al., 2007; Polasky el al, 2005h:
Rosenzweig, 20037, Miller (1996, p. 425) summed up a landscape approach
asfollows: “biodiversity will he retained w the extenl that whole regions arc
managed cooperitively among protected areas, farmers, foresters and other
neighboring land users.’

The maost well-developed approach to medeling species persistznce is
population viability analysis (Scule, 1987; Boyee, 1992; Beissinger wnd
MeCullough, 2002). Populstion viability aualvsis incorporates demo-
graphic, genetic and environmental stochasticily to predict the hikelihood
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ol survival ol a species with a given static population. This analyvsis can be
combinad with 4 landscape analvsis that provides the distribution of
habitat. Several economic studics have combined spatially explicit bio.
logical medels with human land use decizions w iind iradeotls betwean
specics persistence and the valug of economic production activities In par-
ticular, a number of papers have traced out production possibilicy rontiers
tor the value of timber production and species persistence for a single or
smell number of forest dwelling specizs (eg.. Monlgomery 2l gl 1992
Haight. 19935 Hol and Bevers, 1998; Marshall 2t al., 2000: Bohwederetal |
2000 Calkins et al., 2002: Nalle ¢t al., 2004). Montgeomery et al. (1994)
combined a population Biclogy mode for the spotted owl with economic
maodels of the villue of timber harvest to estimate & marging! cost curve for
inereasing owl survival probabilities, The results showed thal margingl
vosts of incrzasing owl survival were low for survival probabiiities below 90
per cent but increased sharply for survival probabilitics above 90 per cani.

Land use decisions simultznecusly attect a large set of species so conser-
vation planning would ideally move bevond a species-by-species approach.
Several papers have sxpanded the landscape level analvsis o include a
arge number of specizs (Montgomery et al . 1999 Lichtensten and
Montgomery, 2002: Polasky ctal., 20053b). Doing so necessitates a chang:s
i approach becanse detail intensive population biology modeling becomes
umwicldy with a large set of species Montzomery et al. (1999} used the
percentage of habita! conserved under varicus land use decisions in
Monroe County, Pennsylvana Lo construct probabilities of survival for
147 Dird species that currently inhabit the county. Polasky er al, (200510 vsad
& spatially explicilt model of the conssquences of alternative land use
decisions.on the persistence of various species and the value of ageicultural
and forestry production, based on conditons i the Willgmetts Basin in
Oregen. In thair analysis of efficiznt land wse patlerns, they found that a
large fraction of species conservation could be obtained at low cost, For
example, thew found it was possible Lo obtain 96 per cent of the maximum
species persistence value while also obtaining 93 per conl of Lthe maximum
comnmacdity production valve: Trving to increase either objective from this
point, however, resulled in dramatie reductions in the value of lhe othar
olieciiva. In comparizon, runming a reserve site selection analysis that
assumes no biological valuz for lands outside of reserves shows both
lower scores and more continuous tradeells bereeen bological and eco-
nomic objectives

Virtually ali ol tie Tindscape analyses done Lo dete have been static, This
is perhaps not surprising since these analyses requirs integrating spatially
explicil biological and ceonomics models. Adding dynamics on top of this
is @ daunting task. However, there are important dynamic clomenis o
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conservation that canmet be ignored, Costello and Polasky (2004) analysz
a dynamic reserve sile selection problem inowhich cach site currently unoro-
tecied has a prebability of being developad during that period. A conser-
vation agency would like to proiect as many sites as possible as early as
possible but fuces consttainls on when funds are weaileble. The mods! s
golved using stochastic dvnamue programming, which limits the size of
problems that can be handled. However, a heuristic selution that involves
selecling sites that combime hign biclogical value added per unit cost plus
face a high development threal performed guine well Tor a set ol small-scale
prablems (whether this remains trus for large-scale problems 15 uncleur),
This result provides some suppaort Zor the “hotspots strategy” that gives high
pricrity to conserving places of high biodiversity or high endemism and
facing immancnl threats (eg.. Myers, 1588; Mitlermeter et al., 1998; Myers
et al.. 2000}, The hotspot approach was recently criticized by Kareiva amd
Mlarvier (20031, though some of the eriticisms, sueh 43 1znoring cost and
issues of complementarily among siles have been addressed 1o the litere-
Lure discussed above,

In genezral, unforeseen changes originating sither from the economic side
[development gelivity or changesm relative prices), from the hiologieal side
(biological invasions. disease outbreaks) or from changes in the plysical
environment (hydrology, climate changz), mean that once-and-for-all con-
servalion decistonmaking 15 mapproprisle. Conservation decisionmakmg
should adapt to changing conditions and be forward looking, trying to
anticipate what moeiv He ahzad. This latter point is especially important with
irreversible outcomes, such as cxtinetion. The path breakmg work by
Arrow and Fisher (1974) highlights the valoe of aveiding irveversible out-
comes prior W the resolution of uncertainty, finding that there is an option
value to maintainimg Aexibility. Recont work by coomomists and ccologists
has alse emphasized the importance of preserving the resilience of ecosys-
tems and of wvoiding potentially damaging and difficeli-to-reverse shifts
between alternative coosysier stales (eg., Perrings et al., 1995: Carpanter
elal., 1999; Walker et al., 1999; Dasgupta and Miler, 2003).

Solving for optimal selutions in spatizlly explicit integreted biological
and economic models, with either dynamics or uncertainmy, can be quite
difficult, While oplimal solutions are a uszful benchmark thay are nola pre-
requisiic for analvsis to be usell to decisionmakers. Tn fact, given how sub-
optimal most land yse and conservation policy is at pressnt, most
well-grounded analysis can only help o improve the situation. One quite
usefil approzch is to blend the tvpe of analysis discussad in this section
with predictions of likely land use that will result under various policy scen-
arins. The next section takss up issues coneerning policy and implementa-
lion issues related to conserving biodiversity,
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4 CONSERVATION POLICY AND
IMPLEMENTATION ISSUES

The previous section focused on the question of optimal conscrvation
plans. This sectien focuses on the guestion of how comservation plens
might be implemented, The fundamental problem raised by biodivarsity
comservation 15 the mismateh betwsen the scale at which benefits acerue
and the seale at which land use decisions are typically made. Censervation
often generates widespread bensfits meluding global public goods such
as species existence value or carben sequesirztion. But most decisions
affecting habitut are local land use decisions made by mdividual lend-
ownears, small communities or local governments. Because local dacision-
makers do net receive the full benefits of conservation they will not
wpically have adequate incenlives to conserve Like most issues in cnvi-
ronmental ceenomics the question is how to internalize the externalitiss (in
this cuse the positive caternalities from widespread conservation henefits).
To some exlent, thers may be ways that lecal decisiormakers can caplurs
at least some of Lthe benefits of conservation, The first part of this section
acdresses the degree 1o which biodiversity conservation can pay for itself.
To the extent that local decistonmakers receive adequate returns from con-
serving biodiversity, there is no need for sxplicit conservation policy at a
highzr scale of governence (mational or international). owever, to the
degree that conservation benelits cannaot be intemalized directly, there is
rale for exphicil policies to promete conservation. The second part of the
seetion will laok al conservation policies at Lhe national level, in particular
the US Endangered Species Act, The final part of this section will lock at
consarvation polcies at the mremational level, in paricuiar  the
Convention on International Trade m Endangered Species and the
Convention on Biological Diversity.

A, Markeling Biodiversity: Can Biodiversity Conservation Pay for ltself?

Though some of the benelits from conserving biodiversity generata global
public goods, other conservation benefits gensrate private goods that may
be sold in markets potentially generating roiurns to local landowners.
Given the problems that arse with conssrvation pohey, Lo be discussad
below, making “conservation pay’ therchy generating direct incentives 10
landowners and other local decisionmakers 1o conserve s an atlractive
aption (Heal, 2000k Daily and Ellison, 2002; Pagiola et &1, 2002), In fact,
soms conservation biologists and zconomists have made the peint that con-
servation will kely ocour only to the extent thal it is used and generates
relurns, e, Tusg it of lose it” (Jantzen, 1992; van Kooten and Bulte, 20000,
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Perhaps the most straightforward wav in which species conservation cun
generais retuns o landownsrs and local communities is through zca-
rouris, Melere kased lowrism s one of the fastest growing segments of the
everall tousistn industry, which zenerated esumated revenues of 5463
bilhon in 2001 {Werld Tourism Organization. 2002). Areas wilh unigue
resources or charismabe megafuung (eg Krueger National Park, Serengsti
Matiomul Park. Yellowstone National Park) have the polentia] to generale
large amounts of revenue. Examples of successful development ol naruze
based tourism include Costa Ricu, where about 1 million tourists spent
approximately 51 billon m 2000 {Daily and Elhson, 2002, p 178 and
South Africa, which generated owver 52 hillon in nature based tourism
revenue i 2000 {World Tovrism Organization, 2002), Other examplos of
gcotourism are analysed and summarized in Maille and Mendelsohn
(1993}, Alyward et al. (1996), Wunder (2000} and Lindberg (2007

Eeotourism, howsver, raises its own set of problems. As ccolcurism
bacomoes more suceesslul iU brings more loursts and mors economic activ-
ity Loy the area, thereby increasing the danger of damagmg the very copsys-
tems that provide the attraction (Liu et al., 2001} A second major issue
with cocrourizm 1s Lhat of who caplures rents that might be sensrated from
ecotourism, Large revenue figures, as quoted in Lhe proviows paragraph, do
not sy anything about the size of rents created from scatcurism bacauss
costz are nol ineluded. Prosuming there gre posibive rents once costs arg
subtracted from revenues, what share of rents goes 1o international com-
panics, national governments, and local communitizs? An important issue,
in terms of both cquily and provdding the ight set of inceriives s to insure
that fecal communities receive an adequate return from scatourism,
Receiving an adequite return is sspecially important in cases where wildhit
damages crops or livestock. Much ol the push for community based con-
servation was the recognition that local commmaities will nat have 2nough
ineentive 1o conserve unless they are given access 10 eCotoUTISI TRVETILLS
or other benefits gensrated by conservation (Barbicr, 1992: Wells and
Brandon, 1992; Western and Wright, [994). Giving local communities
more control over resources and a larger shee of the rovenoe siream,
however, requirss that national governments and companies cede some
control over rescurces and revenues Lo local commmunities, lssues of power
and contrel gver resources are major stumbling dlocks that often prevent
adequate sharing with local communiiies.

Biapraspecting is another potential way in which hiodrversity conserva-
lion may generate markel tewszrds that could provide incentives lor
consgrvation, Bioprospecting is the systematic search for nselul genetic
mittarial from plant or animal species for development of valuable pharma-
cenlicals or other products. An agrsement in 199] betwssn Merck
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aned Costa Rica’s Instituto Macional de Biodiversidad (INBio) provided
51 millhen te INBio. Despite the initial exciternent, bloprospecting has
tailed to provide much T any spur to conservation. There have bezn no
other majer deals signed since the Merck I Bio deal. Questions have been
raised as well about how much difference the deal has made in slowing
deforestalion or other forms of habitat less in Costa Rica. During the
19905, Costa Rica had one of Lthe highest rates of deforestation in Latin
America with average annual losses of lerest area axcesding 3 per cent
(World Resources Institute et al,, 2000),

Whether there are likely 1o be significant rents generated by bio-
prospecting, and how to share these renis are open questions. Simpson
et al. (1996) showed that economic returns from hoprospecting ars likely
to be quitz small, Tar woo small 1o genarate adequate incentives for conse:-
villron (though a different view is given in Rausser and Small, 2000). If
there are significant rents from boprospecting, 1t is unclear how those renis
should be allocated between local communities and countries in which the
biological resources are located and companies or countrizs supplving
imtellectual discoveries that turn these biological Tesources mto valnable
products, The rent allecation issue has been the subjeet of a heated debate
Fetween develeping countries and developed countriss (partivularly the
US). There is a strongly held feeling by some - develaping biodiversity-
rich countries that the application of the intellectual property rights under
the azgis of the World Trade Organivation’s Agresment on Trade Related
Aspeets of Imellectual Property Rights (TRIP:) would result in global cor-
porations prefiting from biological resources and traditional knowledge
without giving local communitics their fair share, This has led some to
refer ta bioprospecting as *biopiracy’. On the other side, the US failzd Lo
ratify the Convenuon on Biolegieal Divarsity largely because it fell there
wis not adequate protection of miellectual property rights the way the
Convenlion was drattad. In economic lerms, iF adequate returns are not
given ¢ the host community or country supplving the biological rescurces,
there will be insufficient incentives to conserve habitat on the ground. On
the ather hand, i adegquate returns are not given Lo the company supply-
ing the mnovation, there will be insufficient incentives to develop new
praducts, On the latter wssue several analysts have pointed out the often
large gap between the private retums o a firm commercializing a new
product and the social returns from such an innevation (Mendelsohn
and Balick, 1995 Koo and Wright, 19993 Other than vertically integrating
the suppliers of biological resources with the suppliers of intellectual
resources, there does not appear to be an éasy solution to the incentives
problem nor o the bitler political dispule over what is o tfair sharing of
the rénts.

~F
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Siveregles to congeree hiodiversity L
B. Mational Conservation Policy

[n some [ormitous circumstances, conservation may gznerats suflicent
returns Lo private parties to make conservilion pay. Biodwersity conserva-
tion, however, creates many goods and services that generate benefits that
accrue far bevond local decisionmakers, incloding global public goods: For
thiz reason, thare is a clear rationale for conservalion pohey by govern-
ments a5 well 45 aclions by non-governmental conservation organizations

At the national level, there are a number of policies related 1o conserva-
lion. One of the maost important, and controversial, is the LS Endangered
Species Act (ESA). The ESA has proved Lo be a powerful teol for cunser-
vationists and a magnet for criticism for aroups promoting private properly
rights and dersgulation (Brown and Shogren, 1998). The twa central pro-
visions of the ESA arc comlained in Seetion 7. which prohibias federal gov-
ernment aclions that cavse “jeopardy’ (Le. risk of sxiinetion) ta listed
species, and Section %, which prohibits publie and privite partics (Tom
.H..m._mw:,w, listed species, “Taking' includes causing harm to species, where
harm includes adverse habitat modification from otherwise lagal land vses,
The E5A has caused changes in timber hgrvesimg plans i the Pacilic
Morthwsst to protect the spotied owl and the Southeast to protect the red
cockaded woodpecker, in residential and commercial development, plins in
Southern California and elsewhere.

One eriticism of the ESA samong ceonomists 1s that 1t fails to create posi-
tive incentives Lo conserve, and wolse, may create perverse incentives that
actually result in less protection for histed specics (Innes et al. 1998),
Because a landowner may face land use restrictions and s not guaraniecd
compensation for lost valuz, there is an incentive to prevent histed speciss
from becoming established or preventing their discovery (Mann and
Flummer. 1995, Polasky and Doremus, 1998), There also may be incentives
to race Lo develop in order to beat the imposition of the ESA (Tnnes, L257),
A second criticism of the ESA is that it does not weigh costs and benafits
of actions but is an absolute prohibition against harming listed species.

Several mitiatives were begun in the Chntlon Adminisiration in an
attempt 1o maks the ESA more flexible and less ensrous on private
landewners. Landowners subjzet 1o ESA prohibitons were cncouraged to
file Habitat Conservation Plans (FICP). Landowners with an approved
HCP would be guaranteed ‘no surprises’, so that costs of further prohib-
ions to protect the listed species covered by the HCP would be the gov-
ernment’s responsibility not the landowner's, and “safe harbors’, so that a
landowner that improved habitat for a listed species would not be penulized.

More lundamental reforms in conservation policy call for more market
based regulatory approachss and more voluntary (less proscriptive)
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approaches. One such proposal is to institute a system of transferable devel-
opment rights (Field and Conrad, 1975 Mills, 1980; Panayotow 1994:
Merrifield, 19%0; Renard. 1999 Thersnes and Simons, 1999: Weber and
Adamowicr, 2002), Buch transferable development rights (TDRs) would
operate mich like s myrketable pallution permits or individual transferable
quolas (1TQs) in fisheres management. As with markstable pollulion
permits and 1TQs, TDRs face guestions abeout the eMeent number of
permits to issue as well as questions about how ta allocate the permits
A problem that is arguably mors severe with TI3Ry than with marketable
pollution permits or ITQs 1s figuring ont what consiilutes an squivalent
trade. For conservation purpeses, the spatial pattern, extent and quality of
hubitat matter. Allowing trades on an equal arca basis is not likely to be a
sensible policy. Instead. trading ratios should be esizblished based an thz
relative contnbution of particular land paresls to conservation goals
However, the contribution of particulsr pereels is net constant but in
general depands upon the overall pattern of land use m a region. How 1o
design a reusonably effsctive yel workable TDR scheme gven land hetero-
genzity and interdependent values iz an open guestion.

Another approach to comservation is to use direel pavments for conser-
vatien. Proponents of this approach argee that the dircet approach is the
mast sficient means of promating conservation (Ferraro and Kiss, 2002:
Ferrato and Simpson. 2002). Ferrare and coauthors srgve that by directly
targeting and paying for conservation, this method can deliver more in
terms of conservalion per dollar spent than indirect schemes that like inle-
grated conszrvation and development projects. Direct payment schemes
also have the sdvantage of being voluntary rather than coercive, Costa Rica
has instituted & system of payments for ccosystam services: mitigation of
greenhouse gas emissions, walershed protection. hediversity conservation,
and seenic beauty. Many developed countries have some form of “green
payments’ m their sgricultural policies that pay farmers who adopl civir-
onmentally friendly management practices or land uszs (QECD, 20011
Smith and Shogren (2002) outline a valuntary payments scheme for kind:-
wErsity conservation similar to the US Conservation Reserve Pragram, in
wilehl farmers receive payvments 1o retire land from getive production.
Many local communities it the TS have recently passed boad tssnes to raise
meney for the purchiase of open space. In 2000, 174 out of 210 opsn space
bend issues wers passed, raising 87,5 billion for the purchase of open space
i The Trust for Public Lands). A number of non-governmeantal organiza-
tions, such as the Mature Conservanes, raise substantal amounts of meoney
usedd to purchase imporiant habitat for conservalion,

Many peolicies alfecl conservation outcomes besides those that are
expresaly aboul comservation. Any policy thar afllects land wse decisions,
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including agricultural and forestry policy, the placement of infrastructyre
and local zoning ordinances potantially has impacts upon conservation,
Often these policies promote zctivity that is harmiul to conservation,
Coordinaling policies and removing subsidies for activitios burmfal 1o the
conservation of Modiversity remain high on the wish list of reforms by can-
RErvALIONIStS i MOst countries,

. International Conservation Palicy

Some of the benzfits of biodiversity conservation may spill beyvond national
koundaries, and mdeed may be global in scals, such as existence value for
species. Adequately dealing with such henelits requires international palicy
and internationalinslitutions, At the international level, thers are vwe major
conventions related to hiodwersity conservation. the Convention on
Internations] Trads in Endangered Speces (CITES) and the Convention on
Biological Diversity (CBI), as well as other programs and policies.

CITES has provisions Lhat allowe prohibitions on internationa] trade in
endangered species (for speeics hsted under its Appendix 1} and reguiation
of internationy trade (for species listed under its Appendix 1T} Because it
is focused on trade, CI'TES deals primarily with high-profile species that arc
harvested either for food, medicines, pets or trophics. CITES does not
dirzctly address issues of habitat loss and fragmentation or contral of invi-
sive species. The most high-profile and controversial action taken under
CITES was the ban on trade in ivory that began in 1989, Prior to the
ban, rampant poaching of African clephants had caused an HPDTORIMEALE
3l per cent decline 1n elephant populations (Barbier et al., 13901, Poaching
and population decline wus i severe preblem in Fast Alrci, while Southern
African countries [Botswana, Malawi, Namibia, South Alrica, Zimbabwe)
had relatively hesithy slephant populations, The Southern African coun-
tries opposed the ban arguing that selling ivory providad a large financial
reason tor conserving elephants and the resources to prevenl posching.
Muny cconomists predicted that the hen weuld be inefective, driving
trade into the black markel whers high prices would pravids large ihcen-
tives to keep pouching (Barbier and Swanson, 19800, Ty pracucee, the vory
ban has been largely & success storv. Poaching of elephants declined and
elephant populations in East Alrica receverad. The han appears to have
been successful because it acted not only to restrict supply but also w0
reduce demand, The major demand for ivory 1s largely for display pur-
Poses, Banning ivory caused a large decling in this demand because most
would-be consumears do not wish to purchase and display an illegs] item,
Van Kooten and Bulie (2000) provide a useful summary of sconomic argu-
ments about the ivory ban.
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Trade bans on products from other endangered species have nol provean
to be as effective as the ivory ban. Black market trade in many items bannzd
undder CITES is alive and well (Webster, 1997). The work of Brown and
Lavton (20007 on the rhinoceros provides one economic argument [or Wity
CITES may be ineflective lor curtailing poaching of some species. Demand
for rhine is fueled by use of ground rhing hom in traditional Asian medi-
cine: Medicinal demand is unlikely to decling even with the imposition of &
trade ban. The case of thino horn 1s more likely to resemble the case of
legal drugs, which iz a large and thriving mdustry despite being illegal,
than il 15 e resemble the case for ivory,

The Convention on Biologieal [ivarsity was one of two high-profile con-
vantions discussed at the Earth Summtin Rio de Juneiro in 1992, the other
being the Convention on Climate Change. The goals of the CBD are to
conserve brodiversity, sustainzbly use biodivarsity, and sguitably share the
bensfits from wse of genetic resources. Fhis last goal has been at the center
of debates over sharing rents on bioprospecting as discussed sbove, The
CBD provides guidinee to national governments on bicdiversity issuzs,
however it is up to natenal governments thamselves to take action. The
CBD atsell has no enforcement power Unlike the Climate Changs
Comvention, which spawned 4 et of ongoing international negotations Lo
addrass emissions of greetnhouse gases, the CBID has spawnad limited intar-
st und hitle aetion since its inceprion,

There is at present a striking negative correlation between the global dis-
tribution of sconomic wealth and the global distribution of biological
wealth. As Balmford et al. €2003) point out, most of the cosl-effective turgels
for conservalion gecur in developing countries while most of the comserva-
tion resourcas are in developed coumirizs. Thersfore, an effective and
cfficient conservation strategy mav require large income transfers from eco-
nomically rich but relatively biodiversity-poor temperate coustries to
biodiversity-rich but ceonomically poor tropical countrizs. Thers s a
number of mechanisms under which this might occur. One approsch is 10
arrange for direet conservarion payments through bilateral agreements or
through rultlateral institutions like the Global Environmental Fund.
A second approach is 1o regulate international trade, cither through CITES,
or through other trade agreements. A third approach is to try 1o foster mies-
national markets for the sustainghle use of hiodiversity, This can be done
githar by tinding marketable nroducts that relv on the sustainable use of -
diversity {as discussed ahove in subsection A), or thraugh the creation of
environmental markets via TDRs, carbon sequestration credits, or other
mcans. See Barbier (2000) [or 2 summary of inlernational policy approaches
to addrass biodiversity conservation.
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5 SUMMARY

Grreal strides have been made over the past decade in combining economie
and biclogical analysis in integrated models of biodiversity conservation.
However, there remam many unanswered quastions snd much more work
remains 1o be done. For cost-effectivencss analvais, we need better maodels
of how strategies affect long-term persistence of elements of biodiversity
and the production of ceosystem services. This will reguire advances in
ccology and econemics and the links botween the bwo fizlds, Existing
appreaches zenzrally do not de an adequare job of incorporating dynam-
s and uncertamty, Guoing beyvond cost-effectivensss analysis, econamists
and olhers will need to be able provide reliable cvidence of the values of con-
serving biodiversity to be able to justify expenditures on conservation, As
mentioned in the introduction. the valustion of biodiversity presents somc
difficult challenges. Another important arca where lurther work 15 neces-
sary is how to provide the right szer of incentives for conservation io
Iandowners and other decsionmakers. Designing incentive schemes that
mearporate heterogeneity and spatial relatienshins bul can be sdministered
in a simple manner can be demanding. Designing and implementing incen-
tive schemes are particularly demanding in developing countries whers
thers is the additional handicap of bmited cxisting msututions. Additional
work on conservation policy and implementation issues is particularly
important in developing countries, which contain & large shars of hiadi-
versity, have rapidly growing populations, and have wrgent needs for ceo-
nome development. Given the rapid pace of change and the snormity of
the threats to biodiversity, there 1% 4 pressing need for reszarch that can
provide insights and information useful for conservation.
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5. Corporate sustainability
Stefan Schaltegger and Roger Burritt

| INTRODUCTION

This chapler providss an overview of and discussion shoul current
approsches 1o corporzie sustainability. Considerable interest has _u»pn| gen-
erated in the notion of corporata sustainahility for a number of reasons,
Corparations provide a practical, divect point of contact fir the mmple-
mentation of government policy. Many largs corporations control maore
resources than many soversign nations, Muanagements of corporations
that seek 1o guin a competitive advanlage are beginning to approciale ..:_p...
necessity for promoting corperate sustainability initiatives as a way of
dilferentiating themselves from competitors as well as of reducing costs of
undertaking business and risks associated with operations. For sxample,
since the concept of ecologically sustainable development appeared
{Commission for the Future, 1937) and the related “precantionary prineiple’
wis introduced (Commonwealth of Australia, 1990, p. 9), environmental
risk has becomne a growing cencesm (Schaltegger etal,, 2003, pp. 1953-203),
There is now greater focus on the management of environmental j_.,“_.n_;
through voluntary means. A forther factor promoling corporats d.:__n..,..nﬂ in
sustainabilily 1s that when problems occur, such as severe or persisten!,
corporate impacts on the environment, communication with stakeholders
i3 an important way of irying te minimize damage before or after the
event, A dislinction should be mads hetween sustainability and EEEEEA
development, The former is taken here to represent the goal or end peint ol
the process of sustwinable development. .
The term ‘corporate sustainability” links the pensral approach to sustain-
ability with sustainability al the corporate level, Section 2 examines the ques-
tion as to what motivates managerstoaddress sustainability issues within the
corporate milien. Section 3 briefly introduces some of themain aspects of the
general concept of sustainability and its inks with the corporate level. The
fourth section examines the characteristics of and challenges for corporale
sustainability in greater depth and considers what is currently included
I corporate sustainability. Scction § discusses the directions corporate
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