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Foreword

In 1990, when the papers that make up this
volume were commissioned, World Bank
lending for forestry in Asia stood at nearly
$2 billion. In fiscal 1994 alone, more than
$300 million in lending was devoted to
Asian forestry issues. As part of its responsi-
bility for this level of investment, the World
Bank has assisted the borrowing countries
in their efforts to slow the rate of deforesta-
tion in the region, estimated at 3.5 million
hectares a year during the 1980s, while ex-
panding economic growth. This work has
been hampered, however, by a lack of anal-
yses of the key weaknesses in the sector—
for example, low administrative capacity,
inappropriate forest and other development
policies, and limited knowledge of silvicul-
tural and management systems for (tropi-
cal) forests and of the social, cultural, and
environmental dimensions of forest man-
agement.

Over the last few years, the World Bank
and the Asia Technical Department have
provided significant guidance on reassess-
ing and adapting approaches to these is-
sues. The World Bank policy paper The
Forest Sector (1991), Operations Evaluation
Department Review of Forestry Lending

vii

(1991), Strategy for Forest Sector Development
in Asia (1992), and various country-specific
forest sector analyses provide the broad pa-
rameters for Bank work in forestry in Asia.

The papers presented in this volume
were planned to support specific forestry
programs at the country level. Toward that
end, the Asia and Pacific Country Depart-
ments were invited to identify the priority
issues to be studied and collaborated
throughout the process of preparation and
review of the reports. The resulting studies
provide an overview of some of the more
important forestry issues facing countries in
Asia, and this volume is presented in sup-
port of all concerned policymakers, forest-
ers, and development organizations as they
balance the pressures of population and eco-
nomic growth with protection of the
region’s critical forestry resources.

Harold W. Messenger
Director
Asia Technical Department



Abstract

Forests in Asia are under intense pressure
to grow construction timber, provide trees
and underbrush for fuel or leaves for crafts,
and supply medicinal plants, game, fruits,
nuts and so on—for one of the fastest grow-
ing populations in the world. The number
of people living in South Asia alone is ex-
pected to grow by two-thirds during the
next two generations, and governments
across Asia are justifiably concerned about
the degradation or loss this growth may
mean to their forest resources and to their
people. The poor in Asia particularly de-
pend on forests as a source of protein and
shelter.

But beyond the obvious, immediate
causes of deforestation, it is generally recog-
nized that other interrelated forces—eco-
nomic, institutional, and
technical-—contribute more to forest loss.
For instance, the underpricing of timber, or
subsidies, will probably lead to overuse of
wood and eventually to deforestation.

Recognizing that many of the immediate
pressures on Asian forests were caused by

viii

the needs of growing populations and econ-
omies, in 1991 the World Bank commis-
sioned a series of studies funded by a grant
from the Government of Norway to incor-
porate environmental considerations into
economic analyses of forestry operations.
The Environment Division of the Asia Tech-
nical Department (ASTEN) coordinated the
process of preparation and review, and the
World Bank Country Departments for Asia
were invited to identify the specific issues
of concern to operations.

Each of the chapters presented in this vol-
ume represent one of those research top-
ics—from analysis of the logging ban in
Thailand to technical advice on tree im-
provement programs to analysis of the ef-
fect on forests of economic policy in India.
Because the topics represent the interests of
the Asia Country Departments, the volume
provides an overview of the environmen-
tally related priority issues in Asian forestry
and contributes to the critical work of un-
derstanding their complex dynamics.



Preface

History of process

Forests are a major resource of nearly every
country and provide many services such as
cleaning the air, stabilizing the soil, and
moderating runoff. But in Asia they also
have important second and third jobs—
growing construction timber, providing
trees and underbrush for fuel or leaves for
crafts, and supplying medicinal plants,
game, fruits, nuts and so on—for one of the
fastest growing populations in the world.
The number of people living in South Asia
alone is expected to grow by two-thirds dur-
ing the next two generations, and govern-
ments across Asia are justifiably concerned
about the degradation or loss this growth
may mean to their forest resources and to
their people. The poor in Asia particularly
depend on forests as a source of protein
and shelter.

The growing population in Asia is ex-
pected to exacerbate the usual causes of de-
forestation—conversion to agricultural
uses, demand for fodder and fuelwood
(four-fifths of Asia’s timber demand), and
logging. The Food and Agriculture Organi-
zation of the United Nations has estimated
that forests disappeared in Asia at the rate
of 3.5 million hectares a year during the
1980s, and already this historically wood-ex-
porting region is showing a wood deficit. In
fact, imports of timber and forest products
will cost the region an estimated $20 billion
annually by 2000.

But beyond the obvious, immediate causes
of deforestation, it is generally recognized
that other interrelated forces—economic, in-
stitutional, and technical-—contribute more
to forest loss. For instance, the underpricing
of timber, or subsidies, will probably lead
to overuse of wood and eventually to defor-
estation.

Environmental economists, extending
these lines of argument, are now recogniz-
ing that an even more basic factor than any
of these may be what lies behind those
forces—that is, what happens, or does not
happen, in the economic valuation of natu-
ral resources or the services they provide.
What is the economic chain of cause and ef-
fect that is set in motion when, for example,
a lake is polluted and the loss of its fish or
surrounding vegetation is ignored as a cost
and the service is considered “free”? It is
now recognized that the destruction of envi-
ronmental resources or services is never
without cost. One of the main messages of
this publication is that when forest re-
sources are destroyed, whether through log-
ging, agricultural activities, or exploitation
for fuelwood, the loss is not free and if the
full costs of the use—erosion, loss of
biodiversity, or release of carbon dioxide
into the atmosphere—are not borne by the
private or public user, they will be paid by
society as a whole, or future generations.

The social, political and economic dynam-
ics that cause the environmental costs of
overuse, degradation or destruction to be
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overlooked by national planners are of
course very complex. But this report de-
scribes a number of common interlinked ac-
tions (or results of inaction) that can be
identified and addressed. For instance,
when degradation or depletion is not re-
ported in national income indicators, policy-
makers receive a badly skewed picture of
income generation (chapter 2). And as
noted earlier, the institutional and policy
structures of many countries muddle the en-
vironmental management picture even fur-
ther and create conflicts in objectives (as
when programs for intensifying agriculture
production encourage the clearing of for-
ests) or unwanted incentives (usually
through subsidies) to overuse natural re-
sources (chapters 3 and 4).

Recognizing that many of the immediate
pressures on Asian forests were caused by
the needs of growing populations and econ-
omies, in 1991 the World Bank commis-
sioned a series of studies funded by a grant
from the Government of Norway to incor-
porate environmental considerations into
economic analyses of forestry operations.
The Environment Division of the Asia Tech-
nical Department (ASTEN) coordinated the
process of preparation and review, and the
World Bank Country Departments for Asia
were invited to identify the specific issues
of concern to operations. A steering commit-
tee selected proposals for funding, and after
the research topics were refined through
discussions within the departments, the pa-
pers were submitted to rigorous peer re-
view and revision. Several seminars were
held to allow further discussion and to
make tighter application to Bank experience.

Another part of the exercise funded by
the Norwegian grant and participated in by
Bank staff was a multilateral effort under
the direction of the Food and Agriculture
Organization of the United Nations. Two
publications have already been published
from that effort, Economic Assessment of For-
estry Project Impacts and Assessing Forestry
Project Impacts: Issues and Strategies.

In the Foreword to Strategy for Forest Sec-
tor Development in Asia, published by the

World Bank in 1992, Daniel Ritchie wrote,
“More than perhaps any other sector, for-
estry captures the interrelationships be-
tween economic growth, environmental
preservation, and poverty alleviation.” This
volume that is based on research developed
and carried out by World Bank staff and
consultants—and representing the interests
of Asia Country Departments—is presented
here to provide an overview of the environ-
mentally related priority issues in Asian for-
estry and contribute to the critical work of
understanding their complex dynamics.

Tools, policies and institutions,
and technologies

Chapter 1 addresses the economic issues in
conserving biodiversity in West
Kalimantan, the third largest Indonesian
province, which is rapidly losing many of
its highly diverse ecosystems—an estimated
50 percent of the original forest, for exam-
ple—and the rich biodiversity they support.
Conserving biodiversity in West
Kalimantan, or anywhere else, is an eco-
nomic proposition because alternative land
uses are considered economically attractive.
The authors, William B. Magrath, Charles
M. Peters, Nalin Kishor, and Puneet Kishor,
describe their preliminary work in organiz-
ing data on these costs in the form of a
schedule of the marginal costs of habitat
preservation, or a biodiversity supply curve.
The supply curve is then used in a prelimi-
nary exploration of a number of policy is-
sues such as biodiversity valuation and the
justification for international compensation
for biodiversity compensation. These experi-
ments give rise to additional questions,
which will be explored in future work.

In chapter 2, Claudia W. Sadoff addresses
the issue of not reflecting the cost of envi-
ronmental degradation or resource deple-
tion in national income indicators. While
recognizing that measurement of the inter-
dependence of economics and ecosystems is
complex, the author nevertheless considers
the exercise critical to sound environmental
management if, as the celebrated economist



]J.R. Hicks suggested, income is a “guide for
prudent conduct.” The author applies two
natural resource accounting methodologies,
user cost and depreciation, to Thailand’s
forestry-related income between 1970 and
1990 to assess the effect of the country’s log-
ging ban on its forests. According to
Sadoff’s estimates of forest depletion-ad-
justed income, the average annual cost of
deforestation in Thailand over the past two
decades has been roughly 2 percent of the
country’s real gross domestic product
(GDP). The annual losses of forest assets
have been, on average, equivalent to more
than 20 percent of the total manmade capi-
tal depreciation that is currently recorded in
Thailand’s national income accounts. None
of these costs are reflected in the standard
calculations of GDP. Clarifying what the
variables mean to the computation, the au-
thor discusses the policy implications of
these and other results of the application of
the two natural resource accounting meth-
odologies for Thailand and for environmen-
tal economics in general.

Government policy that has negative im-
pacts on forests in India is the focus of chap-
ter 3. The author, Arnoldo Contreras-
Hermosilla, sets the discussion in a world-
wide context, however, by describing the
policies of other governments that have un-
intended negative impacts on forestry, such
as the policies in Costa Rica on livestock
and trade that have encouraged the conver-
sion of forests. In India government policy
has an especially powerful effect on forests,
because they are mainly the property of the
state. This and the following chapter on in-
stitutions together provide a clear analysis
of how policies and the procedures of gov-
ernment agencies can inadvertently work at
cross-purposes to the goal of sound man-
agement of India’s forest resources.

In chapter 4 Augusta Molnar, Malcolm
Jansen, and J. Gabriel Campbell analyze the
current status of India’s forests and waste-
lands (defined according to the National
Wasteland Development Board as lands
that are used far below their productive po-
tential). The authors describe the potential
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for developing these resources and discuss
the key environmental and economic issues
underlying various alternatives. Institu-
tional arrangements that show promise for
the development of forests and wastelands
by user groups are examined. And finally
the authors outline a potential strategy for
biodiversity conservation. The chapter was
one of three background papers for India
for the World Bank Forest Sector review
(1991). There are overlaps among the three
background papers, and the complementar-
ity between this chapter and another of the
papers, included here as chapter 5, is partic-
ularly strong.

Vast areas of forest land worldwide have
been degraded and are unproductive, and
many countries raise forest plantations on
these sites. The Food and Agriculture Orga-
nization of the United Nations reports an in-
crease in plantation forest in the tropics of
18 million—44 million hectares over the de-
cade 1980-1990. Not all of these plantations,
however, are as productive as they could
be. G. Sam Foster, Norman Jones, and Erik
D. Kjaer point out in chapter 5 that al-
though people have reaped enormous bene-
fits from domesticating annual plants such
as wheat and rice and perennial plants like
apples, mangoes, tea, and coffee, they have
not made much headway with the process
of domesticating tree species. The authors
describe how domestication might be at-
tempted through careful attention to germi-
nation and nursery practices and through
genetic identification and manipulation, or
tree “improvement.” They outline the basic
components of a tree improvement pro-
gram, describe various common trade-offs
necessary when these programs are estab-
lished or redesigned, and examine the op-
portunity costs when stock quality is
compromised in an attempt to economize
on nursery or seed stock. This practical dis-
cussion is expanded further by an examina-
tion of how the appropriate intensity of a
tree improvement program is decided by
comparing the value of quick, medium re-
sults with the larger but delayed gains that
can be achieved through a more intensive
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and systematic program. Fortunately, as the
authors point out, this is not necessarily an
either/or decision as there are some simple
steps that can be taken to generate gains
quickly and these can be followed by a
more-sophisticated, yet economically via-
ble, improvement program.

Structure of publication

To prepare the papers for this combined
volume several adjustments were required.
Where an appendix was attached to the pa-
pers, it has been included as the last section
to the chapter, followed by the endnotes.
The authors had different methods of citing
literature and these are reflected as either
references or a bibliography at the end of
each chapter. Otherwise, except for chap-
ters 2 and 5, the chapters are as they ap-
peared as papers. Chapter 2 was originally
two papers that were rewritten into one
draft by the editor and substantially up-
dated by the author. Chapter 5 was revised
significantly by the authors to reflect ad-
vancements in technology.
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The Economic Supply of
Biodiversity in West Kalimantan:
Preliminary Results

William B. Magrath, Charles M. Peters,
Nalin Kishor, and Puneet Kishor

West Kalimantan, the third largest Indones-
ian province on the island of Borneo (see
inset map 1), with a total land area of al-
most 147,000 square kilometers, is facing
the rapid disappearance of many of its
highly diverse ecosystems and the
biodiversity they support. Although reli-
able data on forest clearing are difficult to
obtain, recent estimates suggest that almost
50 percent of the original forest has already
been lost and the destruction of lowland
dipterocarp forests and mangrove areas has
been especially pronounced. Extensive log-
ging, establishment of large-scale industrial
crop plantations, and increasing agricul-
tural demands of a growing rural popula-
tion appear to be the major factors
responsible for this alarming reduction in
forest area. The environmental impacts of
these developments will come under in-
creasing scrutiny in the future.

Conserving biodiversity is an economic
proposition. Alternative land uses are being
pursued aggressively in West Kalimantan
because of their financially attractive re-
turns. Efforts to introduce land use policies
aimed at biodiversity conservation would
benefit from explicit information on the size
of these rents. This chapter describes prelim-
inary work in organizing data on these
costs in the form of a schedule of the mar-

ginal costs of habitat preservation, or a
biodiversity supply curve.

The protection of natural areas implies
foregoing other socially valued land uses
and may require additional resources to en-
sure that protected areas are actually pro-
tected. Exploration of these opportunity
costs can provide crucial data to policymak-
ers and others interested in biodiversity loss
or degradation. Building on the opportu-
nity cost concept, this chapter uses Geo-
graphic Information Systems (GIS)
technology to illustrate estimation of the
economic supply of biodiversity in West
Kalimantan.

West Kalimantan presents an interesting
and important opportunity to study the
costs of conserving biodiversity. It offers
both the availability of fairly detailed infor-
mation on the economics of various land
uses and reasonably well-documented bio-
logical resources. The natural vegetation of
the region is characterized by a variety of
forest types including mangroves, peat for-
est, freshwater swamp forest, heath forest,
and lowland or hill mixed dipterocarp for-
est. Some of these forests are reputed to be
the oldest and most species-rich in all of
Southeast Asia (FAO 1981). Floristic studies
of the province suggest that the forests of
this region are exceptionally rich in edible
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fruits, rattan, oil seeds, medicinal plants, res-
ins, and other useful plant products
(Padoch and Peters 1993). Leighton (1990),
for example, reports that the forests at
Gunung Palung in the Ketapang district
contain 21 species of wild mangosteen (Gar-
cinia spp.), 8 species of rambutan (Nephel-
ium spp.), 7 species of durian (Durio spp.), 4
species of mango (Mangifera spp.), and a
host of lesser known fruits such as rambai
(Baccaurea, 23 species) and cempedak
(Artocarpus, 13 species). Small tracts of for-
est may also exhibit a high abundance of
useful plants. A 1.0 hectare plot of hill
dipterocarp forest inventoried in the Sam-
bas district was found to contain 3 species
of illipe nut (Shorea spp.), 25 species of edi-
ble fruits and nuts, 35 timber species, 5 spe-
cies producing damar (oleo-resin) or other
useful exudates, 2 species of rattan, 3 spe-
cies whose leaves or bark are used medici-
nally, and 1 species used locally as a fish
poison (Peters 1991).

The chapter begins with a brief and selec-
tive review of literature on biodiversity, call-
ing attention primarily to the relative
neglect, despite its conceptual and method-
ological appeal, of an opportunity cost ap-
proach and to some specific problems of
definition that hamper its use. Several pion-
eering studies of conservation that do apply
an opportunity cost approach are reviewed
providing a basis for their extension in later
sections.The paper then turns to a detailed
discussion of the estimation of the eco-
nomic supply of biodiversity in West
Kalimantan.

An index of biodiversity quantity is pro-
posed to link data on ecosystems with data
on alternative land uses. Because some of
these data are spatially related, the use of
GIS techniques to generate the supply curve
is then described. Finally, the estimated sup-
ply curve is used to explore a number of
policy issues including biodiversity valua-
tion, the justification for international com-
pensation for biodiversity conservation,
and an assessment of the impact of various

economywide variables such as interest
rates and foreign exchange rates on
biodiversity. These experiments give rise to
additional questions, and possible direc-
tions for further work are explored.

Economic perspectives on biodiversity

Biodiversity refers to the totality of biologi-
cal life. The term includes plants, animals
and microorganisms together with the eco-
systems and ecological processes to which
they belong (see, for example, Ehrlich and
Wilson 1991; Wilson 1988; McNeely and
others 1990) and even extends to the genetic
information from which this diversity re-
sults. From a conceptual standpoint, the
term is an eloquent expression for highlight-
ing the rapid and irreversible species loss
now occurring throughout the world, and it
provides a useful framework for orienting
and promoting conservation activities.
From a practical perspective, however, the
term remains essentially undefined, and
there is probably no spot on earth—cer-
tainly no spot lying between the Tropics of
Cancer and Capricorn—for which all the
constituent biodiversity has been quanti-
fied. So poor is knowledge of the biome that
current estimates of the number of species
on the planet can only be narrowed to a
range of 2-100 million (Reid 1992). Fewer
than 1.5 million of these species have been
named, much less studied, counted or de-
scribed in terms of their ecology or €cosys-
tems requirements (see table 1.1).

While in principle species can be
counted, it is not clear that species number
is an appropriate measure of biodiversity.
Other quantification schemes have been at-
tempted varying from simple subjective de-
scription to complex multivariate
assessment. The desired result is usually a
single value that can be used to rank differ-
ent habitats in terms of their potential, pre-
dicted or relative biological diversity.
Essentially all available measures are im-
perfect as they may reflect only a small de-
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Table 1.1 Estimates of species number
by taxa

Number of
Group described species
Bacteria and blue-green algae 4,760
Fungi 46,983
Algae 26,900
Bryophytes (moses and 17,000
liverworts)

Gymnosperms (conifers) 750
Angiosperms (flowering plants) 250,000
Protozoans 30,800
Sponges 5,000
Corals and jellyfish 9,000
Roundworks and earthworks 24,000
Crustaceans 38,000
Insects 751,000
Other arthropods and minor 132,461
invertebrates

Mollusks 50,000
Starfish 6,100
Fish (Teleosts) 19,056
Amphibians 4,184
Reptiles 6,300
Birds 9,198
Mammals 4,170
Total 1,435,662

Source: McNeely and others 1990.

gree of biological reality, may be based on
weak assumptions, or may give undue
welght to certam habitats or species while
ignoring others.! Were it not for the con-
flicts that arise over the measures taken to
preserve biodiversity, the difficulties in ex-
pressing quantitative dimensions would
mainly be of academic interest. However,
assessment schemes are needed to provide
a means of identifying areas of particular
conservation importance, and some have been
used effectively in planning and establish-
ing protected areas in many tropical regions.

The need for protected areas derives from
the pressures being placed on natural habi-
tats by population growth, open access to
land resources, development demands from
other sectors and other sources.” Estimates
of the resulting species extinction vary
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Table 1.2 Estimates of species extinction

Percentage
Estimate of of global loss Method of
species loss per decade estimation
1 million species 4 Extrapolation
1975-2000 of past
exponentially
increasing trend
15-20 percent 8-11 Species area
of species curves
1980-2000
25 percent 9 Loss of half of
of species species in area
1985-2015 likely to be
deforested by
2015
2-13 percent 1-5 Species area
of species curves
1990-2015

Source: Reid 1992.

widely (see table 1.2), but it is generally
agreed that the rate of loss is high and is pri-
marily due to destruction of habitat. Only
to a very limited extent—for example, as re-
quired by legislation on endangered species
protection—are biodiversity concerns ex-
plicitly considered by policymakers. The
world’s current stock of biodiversity is thus
not the result of carefully weighed valua-
tion of the consequences of alternative land
uses. It is rather the result of myriad market-
based and other demands for land that ag-
gregate to the observed rates of extinction.
While numerous attempts have been
made to estimate the local and global val-
ues of b10d1ver51ty (see the appendix
table),® only a relatively few studies have ex-
plicitly and systematically addressed the
values of alternative land uses. This is some-
what surprising in view of the relatively
greater tractability of costs compared with
benefits, as well as the conceptual appeal of
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a cost-based approach.? These advantages
are well demonstrated by studies con-
ducted by Hyde (1989) on the redcockaded
woodpecker, by Montgomery, Brown and
Adams (1994) on the northern spotted owl,
and by Ruitenbeek (1992) on the Korup Na-
tional Park in Cameroon.

In his study of mechanisms for promot-
ing rainforest conservation, Ruitenbeek
(1992) developed the notion of rainforest
supply price (RSP) and applied it to estimate
the requirements for international transfers
to protect the Korup National Park. Concep-
tually, RSP is essentially the annual rental
value of 1 hectare of rainforest. Ruitenbeek
treated the entire park as a project, calcu-
lated the present value of the project, and es-
timated the compensation needed to offset
the present value of net losses associated
with conservation. He developed scenarios
for conversion of park land to secondary
forest through agriculture and for timber
harvests in the absence of park develop-
ment and considered the possible benefits
from park development, including tourism,
fisheries protection, flood control, and soil
fertility maintenance. His model estimated
that park development would cost CFAF
5,051 million (communauté financiére
Africaine franc, approximately US$1=524
CFAF), return direct benefits of CFAF 3,199
million, and provide protection, in present
value terms, to 513,800 hectares. This gener-
ated an estimated RSP of CFAF 3,605 per hect-
are per year, which compared favorably
with values implied by actual debt for na-
ture swaps and other international transac-
tions for compensating for natural area
protection.

Ruitenbeek’s work treated the existing
park and its surrounding areas as an indi-
visible unit. Hyde (1989), in his consider-
ation of the marginal costs of managing the
red-cockaded woodpecker in forests in the
southern United States treated habitat area
as a choice variable and examined the op-
portunity costs of different levels of protec-
tion. The woodpeckers nest in cavities they

build in live pine trees, and their protection
requires maintenance of adequate old
growth trees. Biologists recommend aver-
age age stands of 75-90 years for wood-
pecker habitat, as opposed to standard
multiple use criteria that specifies rotations
of 70 years.” Each colony of birds requires
approximately 4.8 hectares (12 acres) of ter-
ritory. Therefore, Hyde considered two
management alternatives: (a) permanent
cessation of harvesting on currently occu-
pied sites and (b) extended rotations and
harvests on a sequence of timber stands re-
cruited as colony sites.

By assembling data on land quality (site
index), growth rates, costs of operations
and timber prices, Hyde was able to deter-
mine that the costs, in terms of annual rents,
of preserving existing nesting sites varied
from $10 to $2,261 per site and that expan-
sion of habitat would result in costs of $473-
$4,734 per site. However, when the costs of
access (road construction) were taken into
account, because the existing nesting sites
were generally undeveloped for logging,
for much of the area under consideration
there was essentially no conflict between
logging and woodpecker habitat.

Montgomery, Brown and Adams (1994)
extended the use of opportunity cost con-
cepts to analyze species preservation by re-
lating area protected to the probability of
species survival. Focusing on a single spe-
cies, the northern spotted owl (Strix oc-
cidentalis caurina), they characterized forest
tracts in the United States Pacific Northwest
by their potential contribution to owl habi-
tat capacity, which they denote ¢;, and by
their potential contribution to annual public
stumpage supply, qi. The ratio, ci/q;, pro-
vided an estimate of the physical (wood vol-
ume) “price” per owl nesting pair for each
tract. Ranking the tracts by physical price
and summing give them habitat capacity as
a function of the area allocated to protection
and the reduction in annual stumpage sup-
ply associated with a particular level of pro-
tection.
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This approach was used to estimate the
marginal costs of protecting the northern
spotted owl and to evaluate protection pro-
posals. In addition to showing that serious
proposals varied in their marginal costs of
protection from $0.6 billion to $3.8 billion
per percentage point increase in survival
probability, Montgomery, Brown and
Adams were also able to analyze the distrib-
utive impact of owl protection on local com-~
munities and producers.

West Kalimantan case study

Extending the opportunity cost approach to
West Kalimantan required five basic steps:
(a) modelling biodiversity quantity; (b)
modelling opportunity costs; (c) spatially as-
sociating the distribution of biodiversity
with that of alternative opportunities to
rank specific areas by both parameters; (d)
arraying the results in the form of a supply
curve; and (e) utilizing the formulation to
evaluate selected policy problems. The es-
sential techniques underlying the methodol-
ogy used in this study is well established in
applied economics. First developed in clas-
sic studies in economic theory by Marshall
(1947) and Viner (1932), they have been
used in forestry by Hyde (1980), in studies
of air pollution in Mexico City by Eskeland
(1994), and in numerous other applications.
In all these studies, average costs and out-
puts for discrete production units are ob-
served and supply is modelled as an
increasing function of average cost.

Modelling biodiversity quantity

The conservation problem faced in West
Kalimantan differs significantly from the
work described above. Unlike Hyde (1989)
and Montgomery, Brown and Adams
(1994), who were concerned with the protec-
tion of a single species, or Ruitenbeek
(1992), who was concerned with a discrete
land unit, anyone concerned with biodivers-
ity protection in West Kalimantan must

choose both how much land area should be
preserved and what kind of land. This prob-
lem of which ecosystems and which diver-
sity may actually be the most common form
of biodiversity conservation problem, but it
has largely been ignored. Consequently, it
is necessary to develop a quantitative mea-
sure of biodiversity that can be used to rank
and compare different units of land. Al-
though there is no entirely satisfactory
method for this kind of modelling, there is
broad scientific agreement on the essential
parameters for developing biodiversity pri-
orities.

A procedure was developed to use in-
sights from the field of island biogeogra-
phy,® and data from the Regional Physical
Planning Project for Transmigration
(RePPProT) (1987) Land Use map series
(scale 1:250,000) for West Kalimantan to cal-
culate a Biodiversity Index (BI) value for
specific land units covering the entire prov-
ince. This series of eighteen maps, which
was prepared to assist the Indonesian Minis-
try of Transmigration in land development
site selection, provides the most com-
prehensive representation of the distribu-
tion and extent of land use, land capability,
habitat and other features. The vegetation
and land use determinations are based
largely on interpretation of satellite imagery
(LANDSAT-MSS) and aerial photography
with limited ground truthing and are there-
fore subject to considerable margins of
error. The eighteen map sheets describe
2,610 geographic units (polygons in GIS par-
lance) pertaining to forty-five different habi-
tats or land use types. These types conform
to the classification scheme proposed for In-
donesia by Malingreau and Christiani
(1981) and are summarized in table 1.3.° A
simplified version of the RePPProT data is
shown in map 1 in which land use catego-
ries have been aggregated for clarity of
illustration.

The Biovalue Index used in this work in-
corporates data from the RePPProT series
on (a) the area of each of the 2,610 land use
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Table 1.3 Biogeographic description of Indonesia by habitat or land use type

Bt aior hinthuse Code® Area(ha) SPRICH ENDAF Notes

Lowland forest Hh 5,091,950 16 1 Mixed dipterocarp forest 100 meters
above sea level (masl)

Swamp forest Hr 269,080 12 1 Variable flooding by freshwater, rawa

Riparian forest Hs 6,671 11 1 Gallery forest along river meander

Heath forest Hk 462,645 10 1.02  Forest on white sand; kerangas

Peat forest Hg 1,617,477 6 1 Forest on peat of variable depth;
gambut

Tidal forest Ht 208,641 5 1.02  Saltwater tolerant mangroves, palm
species

Coastal forest Hc 23,603 5 1 Beach and /or dune vegetation

Submontane forest Hf 397,829 5 1.02  Mixed dipterocarp forest; 1,000-
2,000 masl

Logged primary forest Hx 445,998 4 0.9 Selective timber harvest of variable
intensity

Lowland forest+Bush  HhB 88,566 35 0.8 Forest mixed with secondary
vegetaion

Peat forest+Bush HgB 47,001 35 0.8 Forest mixed with secondary
vegetation

Lowland HhL 1,409 35 0.6  Forest mixed with shifting

forest+Swidden cultivation; ladang

Bush B 875,138 3.5 0.7 Secondary vegetation of varying age

Swamp vegetation Rr 66,606 3 1 Swamp grassland with sedge and
Pandanus

Rubber+Lowland forest PkHh 974 3 0.6  Rubbler plantation mixed with forest

Bush+Rubber BPk 23,276 3 0.6 Secondary vegetaion mixed with
rubber

Rubber+Bush PkB 36,887 3 0.6 Rubber mixed with secondary
vegetaion

Bush+Swidden BL 1,403,252 25 0.6  Secondary vegetation and swidden
plots

Bush+Wetland rice BS 543 25 0.6  Secondary vegetation with rice;
sawah

Tree Crops P 118,644 2 05  Mixed tree crops

Plantation PLNT 14,346 2 0.5 Unidentified estate crops

Coconut plantation Pc 74,827 2 05  Mostly coconut monocultures

Rubber plantation Pk 11,793 2 0.5  Mostly rubber monocultures

polygons, (b) habitat type of each polygon,

(c) number and type of different habitats ad-

jacent to each polygon, and (d) adjustment

to account for rarity, exhaustion rate and

protection status. The Biodiversity Index is

a weighted measure that integrates informa-

tion about the species richness, endemism
(or number and kind of species that are
unique to the region), and heterogeneity of
the landscape surrounding a site. The
Biodiversity Index provides a representa-
tion of the total variety of plants and ani-
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Habitat or land use Code® Area(ha) SPRICH ENDAF Notes

Oil palm plantation Pp 11,032 2 0.5 Intensively managed monocultures

Grassland R 134 2 0.5  Unidientified grassland

Alang-alang Ra 343,620 2 0.5 Imperata grassland

Wetland rice S 38,438 2 0.5 Permanent rice cultivation; sawah

Rainfed rice Sr 139,200 2 0.5  Permanent rice cultivation; no
irrigation

Swidden L 839,929 2 0.5 Shifting cultivation; ladang

Tree crops+Settlements PK 2,737 2 05  Agroforestry fields mixed with
villages

Reforested areas Fr 20,203 2 05 Replanted forestry concessions

Settlements+Swidden KL 1,275 2 0.5  Villages mixed with swidden plots

Swidden+Bush LB 1,355,453 2 0.5 Swidden plots and secondary
vegetation

Swidden+Settlements LK 1,064 2 0.5  Swidden plots mixed with villages

Swidden+Rubber LPk 37,031 2 0.5 Swidden plots and rubber
plantations

Coconut+Rubber PcPk 4918 2 0.5 Coconut and rubber plantation

Coconut+Rainfed rice  PcSr 5,365 2 0.5 Coconut plantation mixed with rice
planting

Coconut+Swidden PcL 3,981 2 0.5 Coconut plantation and swidden
plots

Alang-alang+bush RaB 3,452 2 05  Imperata grassland and secondary
vegetation

Alang-alang+Swidden RaL 737 2 0.5  Imperata grassland mixed with
swidden plots

Wetland rie+Swidden SL 48,717 2 0.5  Sawah and swidden plots

Rainfed rice+Coconut  SrPc 279,676 2 0.5 Rice plantings and coconut
plantations

Unvegetated T 427 1 0.5 River bed, rock outcrops, etc.

Settlements K 18,989 1 0.5 Cities, towns, villages, etc.

Transmigration Area  TRMI 180,947 1 0.5 Existing or planned transmigration
site

a. RePPProT map code.
Source: Adapted from Malingreau and Christiani 1981.

mals in a given habitat and is only part of therefore calculated to avoid a bias toward

what should be considered in selecting large species-rich tracts at the expense of

areas for conservation. Since the overall smaller but rarer areas.

goal of biodiversity conservation is protec- Arithmetically, the Biodiversity Index (BI)

tion of a representative sample of the indige- value of polygon i is expressed by equation 1:

nous flora and fauna of an area (Soulé
1991), a Conservation Priority Index was BI; = (HD; + ND;) x ENDAF; 1)
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where,
HD; = Habitat Diversity of polygon i
ND; = Neighborhood Diversity, around
polygon i, and
ENDAF; = Endemism Adjustment Factor of
the habitat of polygon i.

The Habitat Diversity (HD;) value is cal-
culated as:

HD; = log 10 (SPRICH;, Aj) (2)

where,
SPRICH; = Species Richness of Habitat i, and
A;i = Area of Polygon i in hectares.

Data on the distribution and abundance
of tree species in different forest habitats
were used as the basis for estimating SPRICH
(the values are summarized in table 1.3).
While data on which to estimate SPRICH are
limited, important sources of general infor-
mation include Ashton (1964) and
Whitmore (1984). A basic assumption,
which has a strong empirical basis, is that

tree species richness is a reliable surrogate
for the total biological diversity of a given
site. Cranbrook (1982), for example, reports
that the richest assemblage of birds (171 spe-
cies) at Gunung Mulu in Sarawak occurs in
lowland dipterocarp forest. Only about half
this number were found in the less peat for-
ests. Whitmore’s data (1984) suggests that
the relatively diverse lowland dipterocarp
forest contains about twice the amphibian
species found in heath forest. Similarly sug-
gestive data on mammalian diversity can be
found in Payne and others (1985) and
Marsh and Wilson (1981). These, and many
other reports, suggest that habitat type is a
useful and easily defined surrogate for the
indirect assessment of total biological diver-
sity.! Table 1.4 summarizes the diversity of
tree species found in different forest types
on the island of Borneo.

Because area is perhaps the single most
important consideration in ranking sites for
biodiversity preservation, equation 2 also
factors polygon size into the calculation. As

Table 1.4 Summary of diversity of tree species found on Borneo

Samplearea  Number of tree
Site (hectares) species Source
Lowland dipterocarp forest
Lempake East Kalimantan 1.6 209 Riswan (1987a)
Wanariset, East Kalimantan 1.6 239 Kartawinata and others (1981)
Lambir, Sarawak 1.0 283 Ashton (1984)
Andulau Resesrve, Brunei 2.0 222 Ashton (1964)
Sandakan, Sabah 2.0 198 Nicholson (1965)
Gunung Mulu, Sarawak 1.0 225 Proctor and others (1983)
Hill dipterocarp forest
Raya-Pasi, West Kalimantan 1.0 148 Peters (1991)
Kuala Belalong, Brunei 2.0 125 Ashton (1984)
Andulau Reserve, Brunei 2.0 144 Ashton (1964)
Heath forest
Gunung Mulu, Sarawak 1.0 125 Proctor and others (1983)
Badas, Brueni 1.0 72 Ashton (1984)
Samboja, East Kalimantan 05 24 Riswan (1987b)
Peat forest
S. Durian, West Kalimantan 0.2 26 Anderson (1976)
S. Durian, West Kalimantan 0.2 37 Anderson (1976)
S. Durian, West Kalimantan 0.2 55 Anderson (1976)
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was first observed by Arrhenius (1921) and
Gleason (1922) large areas have more spe-
cies than smaller ones. This pattern has
been found to hold at almost every scale,
whether comparing arthropods in caves
(Culver, Holsinger, and Baroody 1973),
small tracts of tropical forest (Gentry 1988),
or islands of increasing size (Diamond and
Mayr 1976). Although the slope and inter-
cept of the species-area curve can vary with
habitat, the relationship between these two
parameters usually takes a logarithmic
form (McGuinness 1984).

Numerous hypotheses have been ad-
vanced to explain the species-area effect.
Williams (1943) suggested that species
numbers increase with area because larger
areas usually contain more habitats or avail-
able niches. MacArthur and Wilson (1967)
theorize that larger areas have more species
because populations increase and species in-
teractions decrease with increasing area.

In addition to size and habitat type, the
heterogeneity of different habitats (edges or
ecotones) surrounding a site has also been
shown to have a notable influence on diver-
sity (see, for example, Noss 1983; Harris
1988; Yahner 1988). This effect apparently is
because sites contain species from all the ad-
jacent habitats, as well as those species spe-
cifically adapted for growth and survival at
the edge itself. In addition, the constituent
species diversity of the adjacent habitats
plays a role as well. A site adjacent to
highly diverse communities will usually be
subjected to a larger degree of species im-
migration and colonization than one sur-
rounded by species-poor habitats
(MacArthur and Wilson 1967, Stamps and
others 1987, Shafer 1990). To account for all
of this, a second parameter, Neighborhood
Diversity (ND;) attempts to account for
landscape heterogeneity and edge effect
by summarizing the variety and biological
richness of the different habitats adjacent
to each polygon. The parameter is derived

by:

ND; = log (2, SPRICH)) 3)

The last parameter included in the
Biodiversity Index is the Endemism Adjust-
ment Factor (ENDAF). This value serves a
dual purpose: (a) it provides a rough esti-
mate of the level of endemism characteristic
of each habitat, and (b) it serves to adjust or
“fine tune” the habitat and neighborhood
diversity parameters by accounting for the
degree to which the original vegetation in
each habitat has been disturbed. This adjust-
ment is needed because of the strong influ-
ence that forest type and land use appear to
exert on the specificity or endemism of local
species. Although the entire island of Bor-
neo is thought to contain a large percentage
of endemic species,11 heath forests, tidal or
mangrove forests and submontane forests
have been found to be especially rich in en-
demism (Brunig 1974; Kartawinata 1980;
Anderson and Chai 1982; Whitmore 1984).
Intensively used, highly disturbed, or artifi-
cially revegetated habitats may exhibit a
very low level of endemism. Forest habitats
with high levels of endemism, such as heath
forest (Hk) and mangrove swamp (Ht) were
assigned a value of 1.02. Undisturbed forest
habitats were given a score of unity, mix-
tures of secondary vegatation received
scores of 0.9 or 0.8, and intensively man-
aged habitats from which natural vegata-
tion has been completely removed were
assigned an adjustment factor of 0.5. ENDAF
values are shown in table 1.3.

The Conservation Priority Index (CPI) is
intended to add consideration of the rela-
tive abundance of a particular habitat, rate
at which habitat is being destroyed or trans-
formed, and extent to which similar repre-
sentatives of similar habitat have already
been selected for protection (PROTAREA).
The derivation of this index requires infor-
mation about the original area (ORIGAREA),
the remaining area (REMAREA), and the area
currently protected in reserves of different
forest habitats. ORIGAREA data were taken
from MacKinnon and Artha (1982) or esti-
mated based on average rates of deforesta-
tion in West Kalimantan (FAO 1989).
REMAREA and PROTAREA were obtained di-
rectly from RePPProT. Based on these data,
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Table 1.5 Derivation of Conservation Priority Index for selected forest types

Original Remaining Protected

area area area Exhaustion Protection

Habitat Code  (hectares) (hectares) (hectares)  Rarity rate status CPI

Lowland forest Hh 7,020,000 5,091,950 901,200 0.146 1.139 0.892 0.148
Swamp forest Hr 1,305,000 269,080 110,800 0.164 1.686 0.385 0.106
Riparian forest Hs 12,060 6,671 1 0.245 1.257 3.824 1.178
Heath forest Hk 1,845,000 462,645 13,600 0.160 1.601 1.532 0.391
Peat forest Hg 2,201,000 1,617,477 58,500 0.158 1.134 1.442 0.258
Tidal forest Ht 425,000 208,641 7,600 0.178 1.309 1.439 0.335
Coastal forest Hc 42,697 23,603 3,100 0.216 1.257 0.882 0.239
Submontane forest Hf 1,800,000 397,829 252,800 0.160 1.656 0.197 0.052

coefficients of rarity, exhaustion rate and
protection status were calculated for each
forest habitat according to the following:'?

Rarity = 1/ log (ORIGAREA) 4)

Exhaustion Rate = )]
log (10 x ORIGAREA/REMAREA)

Protection Status = (6)
log (ORIGAREA/PROTAREA)

The results of these calculations are sum-
marized in table 1.5, which gives CPI as the
product of equations 4-6. CPl is then added
to the Biodiversity Index to calculate the
final Biovalue for each polygon. CPI is set at
zero for deforested or otherwise altered
polygons and can thus be interpreted as a
premium given to rare, threatened or unpro-
tected habitats.

Biovalue; = Bl; + CPI; (7)

The resulting Biovalue Index produces a
score for each polygon ranging from 10.4
for a large tract of lowland forest to 0.84 for
a small swidden plot among human settle-
ments. While it is difficult to quantitatively
test the validity of this modeling procedure,
the results and other considerations of the
relative scores of specific polygons yield a
surprisingly accurate reflection of biological
realism. In the absence of quantitative forest

inventories and detailed species counts, the
index seems to provide an acceptable in-
terim criteria for ranking different habitats
and types of land use in terms of their po-
tential biological richness.

Table 1.6 Input and output prices and
economy-wide variables

Unit Rp

Interest Rate % 0.1
Exchange Rate Rp/US$ 2,000
Wage Rate day 2,000
Rice kilogram 200
Coconut kilogram 250

Oil Palm kilogram 60
Rubber kilogram 1,350

Chemicals unit 1

Rice Seed kilogram 384
Rubber Stock unit 296,000
Rubber Tax per hectare 20,000
Oil Palm Stock per hectare 184,000
QOil Palm Tax per hectare 20,000
Coconut Stock per hectare 531,000
Coconut Tax per hectare 20,000

Note and source: Basic information used in prepar-
ing the rice budget came from the most recently avail-
able edition of the annual provincial statistics (BPS
1990: 1589). Modification of these data was needed to
properly account for family labor, which is a major
source of labor but which is generally exciuded from
Indonesian official statistics. Information for the three
tree crops (coconut, palm, and rubber) was derived
from World Bank project and sector work, revised ac-
cording to information from the provincial office of
the Directorate-General of Estate Crops.
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Table 1.7 Net revenue from selected alternative products

Inputs Upland rice  Lowland rice Rubber Oil palm Coconut
Labor 258,000 278,000 90,266 64,474 39,239
Chemicals — 43,393 73,364 40,024
Seeds/planting material 13,056 8,970 5,576 17,066
Machinery rental — 3,931 5,536 5,647
Other 21,000 1,811 0 0
Taxes — 6,051 6,158 6,107
Cost of production 292,056 319,506 151,786 155,156 105,768
Value of output 320,000 513,600 278,522 166,633 135,121
Net return per hectare 27,944 126,736 11,477 29,353

— Data not available.

Source: BPS 1990 and World Bank project and sector studies.

Modelling opportunity costs

Much of the area of West Kalimantan has
the potential of supporting a variety of com-
mercial uses. Modelling the opportunity
costs of land involved the construction of a
series of budgets for various land uses and
spatially referencing this data with respect
to the potential of sites for supporting alter-
native uses. This potential was assessed by
RePPProT (1987) on the basis of technical
criteria that considered the requirements of
different crops, soil type and other site fac-
tors such as slope, rainfall and elevation. In
all, the RePPProT system identified thirty-
seven “Land Systems” on the basis of differ-
ent combinations of limiting factors and
matched these with the requirements of
twenty-two industrial and estate crops.13
The Land Systems version of the RePPProT
data identifies 1,682 polygons each associ-
ated with a set of limitations and suitabilit-
ies. A simplified version of the Land
Systems data is given in map 2 in which
land uses have been aggregated for clarity.
Budgets for alternative land uses were
compiled by reference to literature, project
proposals and other sources. Based on a
common set of input and output prices (see
table 1.6) scaled to 1991 prices, input and
output coefficients were reconciled to gener-
ate the budgets for dryland rice, wetland
rice, oil palm, coconuts, and rubber. Al-
though an exhaustive list of activities was
not undertaken, the table does cover the

most important crops in terms of areal ex-
tent and production.

While most smallholder cultivation of the
oil palm, coconuts, and rubber has been car-
ried out, to date, on a relatively informal
basis in West Kalimantan, future expansion
of production is likely to be more organ-
ized. Palm oil and rubber production is
being developed increasingly along the nu-
cleus estate and smallholder model, and hy-
brid coconuts are being encouraged for
copra production. The budgets for the three
crops summarize present valued (at 10 per-
cent) annual cash flows for a 31-year period
on a per hectare basis. Thus, they represent
the annualized flows from the equivalent of
one representative hectare in a fully estab-
lished plantation.

Net revenues of Rp. 28,000 and Rp.
194,000 per hectare per year for dryland
and wetland rice, respectively (see table
1.7), do not appear out of line with returns
to rice in some of the less advantageous rice-
growing regions in Indonesia reported in
Pearson and others (1991). Similarly, esti-
mated returns for rubber, oil palm and coco-
nut, also appear reasonable. The range of
crops and land uses is somewhat limited,
and a priority for further development of
the model is specification of additional alter-
natives and introduction of transport costs
and forest management options (see
below). Despite these weaknesses, these
five crops do provide an economic option
for a significant portion of the total area of
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the province and also correspond well to ob-
served land uses.

Geographic analysis and supply curve
construction

After the modelling of the magnitude and
distribution of both biodiversity and land
development opportunities in West
Kalimantan, the next step in the analysis
was to determine the spatial correspon-
dence between the two. This was calculated
by using a the Arc-Info GIS system (Environ-
mental Systems Research Institute, Inc.).
Digitized versions of the Land Systems and
Forest/Land Use Map were superimposed
on each other to generate a new map. This
new map, generated by the 2,610 For-
est/Land Use polygons and the 1,682 Land
Systems polygons, consisted of 22,656 poly-
gons representing 1,761 combinations.
Because the Biovalue Index was calcu-
lated from the physical parameters of the
Forest/Land Use polygons, they were
treated as indivisible “biodiversity produc-
tion unit.” Each Forest/Land-Use Polygon
was then assessed on the basis of its
Biovalue and the sum of the profits of the
different land uses it was capable of sup-
porting.'* Because Biovalue is an index and
therefore not an additive value, each poly-
gon area was adjusted by a factor equal to
its Biovalue divided by the area weighted
average Biovalue for the entire 2,610 poly-
gons. This yielded a Biodiversity Adjusted
Area for each polygon and a total adjusted
area equal to the real area of the province.
The total opportunity cost for each polygon
was then divided by its Biodiversity Ad-
justed Area to yield an average cost per
biodiversity adjusted hectare. Average costs
varied from zero for 555 polygons totaling
about 500,000 hectares to a maximum of Rp.
12,000 per hectare per year. Arraying poly-
gons from the lowest average cost to the
highest and mapping out the running total
generated a “particular expenses” approxi-
mation to a biodiversity supply curve (map
3). The supply curve maps out the areas
that would be preserved as a function of the

amount that would need to be paid as an
annual rent, or price. The cartographic
equivalent to figure 1.1 is presented in map
3, showing spatially conservation priorities
as a function of price.

The supply curve suggests that for a con-
siderable portion of the area of West
Kalimantan there is little or no trade off be-
tween economic development of land and
protection of biodiversity. Nearly 3.7 mil-
lion hectares of land in the province could
be set aside for biodiversity conservation
purposes at a cost or price of less than Rp.
400 per hectare per year (approximately
$0.20). This is quite consistent with the ag-
gregate results of the planning process of
the Indonesian Forest Land Use by Consen-
sus, which allocated 3.71 million hectares to
conservation and protection status. Since
considerations other than biodiversity pres-
ervation figured into this allocation, it is
suggestive of a relatively low valuation of
biodiversity. The curve also suggests that if
a market existed for the province’s
biodiversity, a relatively small increment in
the current implicit willingness to pay for
biodiversity could make competitive the al-
location of a significant additional amount
of land away from alternative uses. Exami-
nation of additional policy questions are
taken up in greater detail in the next section.

Map 3 shows how the production sched-
ule implied by the supply curve translates
into priorities for land management. As
discussed below, because this preliminary
application has not considered transporta-
tion costs, forestry options, and other con-
cerns, the geographic priorities shown in
the map cannot be recommended for actual
land use planning. They do serve to illustr-
ate the economic dimensions of biodiversity
policy. The white and pink areas indicate
the areas where the opportunity costs of
biodiversity conservation are lowest. These
areas, largely in the northeast corner of the
province, are predominantly forested areas
with relatively high levels of biodiversity
and limited capacity to support alternative
land uses. Even if forestry alternatives were
considered, as is planned for future investi-
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14 The Economic Supply of Biodiversity in West Kalimantan: Preliminary Results

Table 1.8 Spearman’s Rank Correlation Coefficient

(alternative scenario against base case)

Scenario Base value Alternative value Correlation coefficient
Devaluation US$1 = Rp. 2,000 US$1 = Rp. 4,000 0.934167*
Low Wage Wage = Rp. 2,000/day Wage =Rp. 0/day 0.789914*
Increased Wage Wage =Rp. 2,000/day =~ Wage = Rp. 4,000/day 0.909885*
Low Discount Rate i=0.10 i=0.03 0.915311*
High Discount Rate i=0.10 i=0.13 0.966867*

* Indicates significance at the p = 0.90 level.
Source:

gations, because these areas are remote
from transportation infrastructure, it is
likely that a similar result would be
obtained.

On the other hand, the darker areas,
along the west coast and in the southern cor-
ner of the province, indicate areas where
biodiversity can only be preserved at rela-
tively high cost. This includes areas already
heavily alterred by human activity, such as
developed agricultural lands and tree crop
plantations, urban development around the
capital of Pontianak, and human settlement
along the major rivers.

Policy experiments

With an explicit estimate of biodiversity
supply, it is possible to quantitatively ex-
plore a number of biodiversity policy is-
sues. In view of the preliminary nature of
this model and the need to extend and
deepen the model in a number of direc-
tions, only two questions were explored,
but these indicate the range of questions ap-
propriate. First, because there is significant
interest in the question of how relative
prices and economywide policies can influ-
ence environmental concerns, a sensitivity
analysis was conducted to illustrate the im-
pacts of these variables. Among the key
prices that seem to influence pressures on
natural environments are interest rates,
wages and foreign exchange rates. To exam-
ine the effects of changes in these variables,
the model was recalculated with values

given in table 1.8. The results of these trials
are summarized in figure 1.2. Qualitatively,
the results are highly intuitive. Changes in
prices that make land development more
profitable (decreases in wages) shift the sup-
ply curve up and to the left, while cost in-
creases shift the curve down and to the
right.

The movements shown in figure 1.2
could be the result of changes in relative
prices with essentially the same land use
priorities or the result of changes in the un-
derlying conservation production schedule
that result from a different constellation of
prices. To explore this question, it is possi-
ble to employ Spearmans Rank Correlation
Coefficient. In this test, the rank of each of
the land use polygons in the base case is
compared with its rank in an alternative sce-
nario. If the order of the polygons is identi-
cal, the rank correlation coefficient between
the two scenarios will be equal to 1, lower
values indicate that the ordering of poly-
gons is affected by the change in prices. As
shown in table 1.8, there are significant dif-
ferences between the orderings for all sce-
narios. This preliminary finding provides
quantitative support for arguments that
macroeconomic policy can have strong in-
fluence on incentives affecting biodiversity.

A second use of the model is for explor-
ing possible compensation needs if, for ex-
ample, international willingness to pay for
biodiversity exceeds the implicit prefer-
ences of Indonesian policymakers. In the
absence of an estimate of local and interna-
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Table 1.9 Model calculation of total costs for conservation of biodiversity

Cummulative  Total cost
Cummulative  biodiversity (Rp/biodiversity ~ Producer Opportunity Elasticity
real area adjusted area adjusted surplus cost of supply

Price (hectares) (hectares) hectares) (Rp. millions)  (Rp. millions) (Rp. millions)
0 296,305 184,105 0 0 0

102 2,830,425 2,881,993 295 220 75 0.88
200 5,065,796 5,955,636 1,193 734 459 1.08
300 5,649,910 6,550,414 1,965 1,364 601 0.24
398 5,868,301 6,749,167 2,689 2,014 674 0.11
499 7,747,200 9,367,899 4,675 2,926 1,749 1.45
598 7,957,424 9,518,301 5,688 3,855 1,833 0.09
697 8,006,919 9,554,714 6,662 4,804 1,858 0.02
800 8,014,577 9,559,539 7,650 5,789 1,861 0.00
900 8,080,394 9,610,120 8,653 6,748 1,905 0.04
989 8,334,372 9,821,066 9,714 7,613 2,101 0.23
1,100 8,416,536 9,878,905 10,865 8,704 2,161 0.06
1,187 8,709,314 10,171,765 12,071 9,578 2,494 0.38
1,301 9,178,106 10,563,501 13,742 10,766 2,976 0.41
1,404 9,209,162 10,587,106 14,866 11,858 3,008 0.03
1,500 10,770,176 12,008,637 18,012 12,991 5,022 191
2,001 12,455,375 13,304,515 26,629 19,423 7,206 0.36
3,000 13,647,487 14,092,916 42,273 33,164 9,109 0.14
4,001 14,157,280 14,343,791 57,391 47,421 9,970 0.06
5,002 14,323,063 14,409,670 72,072 61,813 10,259 0.02

tional demand for biodiversity in West
Kalimantan, the analysis presented here
took a number of prices and to calculate
costs, producer surplus and compensation
requirements.

Total costs were calculated (table 1.9) as
the product of the average cost or price and
the corresponding biodiversity adjusted
area (from figure 1.1). Producer surplus is
the area above the supply curve and below
the price, and opportunity cost is the area
beneath the supply curve. A conservation
compensation system could be structured
in a variety of ways that can be linked to
these values. Total cost, for example, corre-
sponds to a conservation advocate setting a
target for conservation and acting as a price
taker. Under such a system, the rent, or pro-
ducer surplus, accrues to the land owner.
Alternatively, the conservation advocate
could attempt to discriminate along the par-
ticular expenses curve, offering only the ac-
tual marginal cost to each land owner. In

this system, surplus accrues to the conserva-
tion land owner, and a given conservation
budget could yield a higher level of protec-
tion.

Conclusions

Because of benefits that may accrue to the
global community, many tropical develop-
ing countries are being asked to undertake
special efforts to conserve biodiversity.
There are costs, however, to the land use re-
strictions that conservation implies, and a
conceptually sound approach to the estima-
tion of these costs is needed to aid in the de-
sign of land policy and in the negotiation of
compensation and side payments. The
methodology discussed in this chapter can
contribute to better understanding of the
economic consequences of biodiversity pol-
icy and provide specific and quantitative in-
sights into land use policy.
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More than the usual disclaimers and cau-
tions are necessary with respect to interpre-
tation of the results of this exercise. In
addition to the preliminary nature of these
results, the underlying data and assump-
tions described and used gloss over import-
ant gaps in understanding and
representativeness. The land resource maps
and derived biodiversity indices, for exam-
ple, are subject to significant margins of
error. Additional work is needed before this
model can be used to develop implement-
able policy interventions. In particular,
more effort is needed to explicitly incorpo-
rate transportation costs, forestry land use
options, and multiple use alternatives into
the model.

Despite its preliminary nature, this work
does make several important contributions
to discussions of biodiversity policy. Per-
haps most important, it demonstrates the
significance of, and scope for, clarity on the
objectives of conservation policy. Biodivers-
ity conservation does have costs, and priori-
ties needs to be established on the basis of
defined and measurable objectives. This
chapter offers one characterization of
biodiversity that is soundly based on eco-
logical principles. While other ways of mod-
elling biodiversity quantity can be

proposed, and an important priority for fur-
ther testing and development of this model
is sensitivity analysis of the parameters
used here, policy will inevitably reflect a set
of weights that compare the importance of
different elements of the ecosystem. An ex-
plicit formulation such as provided here al-
lows for identification of areas of agreement
and disagreement on priorities and determi-
nation of their policy significance. This
work thus has significant scope for replica-
tion in other areas by interdisciplinary
teams.

With respect to land use and conserva-
tion priorities in West Kalimantan, the anal-
ysis also makes clear that a significant share
of the biodiversity in the province can be
conserved at very low opportunity cost.
This is an important finding and one that is
consistent with the reality of natural areas
preservation in many developed countries
(see Krutilla and Fisher 1985). With modest
levels of additional conservation compensa-
tion, the high elasticity of supply over a
wide area revealed by this model can be
taken by conservation advocates as encour-
aging evidence of good chances for intro-
ducing policies and practices to protect the
resources of the province.
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22 The Economic Supply of Biodiversity in West Kalimantan: Preliminary Results

Notes

1. For an interesting discussion of the ways in
which conservation policy in the United States has
emerged to favor “charismatic megafauna,” see
Metrick and Weitzman 1994.

2. For a review of the direct and indirect causes
of biodiversity loss in developing countries, see
McNeely and others 1990 (especially chapter 3).

3. In addition, see de Beer and McDermott 1989;
Aylward 1993; Aylward and others 1993;
McNeely and others 1990 (especially chapter 2).

4. Attempts to estimate theoretically defensible
and policy relevant shadow prices for biodivers-
ity, such as those summarized in the appendix,
have shown considerable promise. However, as
compared with techniques to measure, say, will-
ingness to pay for recreation or the benefits of
watershed management, biodiversity values can
be approached from the consumption perspective
only with great uncertainty.

5. Age is not the only criterion by which wood-
peckers select trees. Heartwood and fungus attack
are also factors, but these are also correlated with
age and age is the key management variable.

6. Marshall (1947) introduced the term “Partic-
ular Expenses Curve” for this approximation of a
supply curve.

7. For a recent discussion, which is generally
consistent with the formulation proposed here,
see Reid and others 1993.

8. The classic work is MacArthur and Wilson
1967.

9. The eighteen map sheets were digitized for
this work by the World Bank’s Asia Region Infor-
mation Technology Lab.

10. With respect to tree species: Nicholson
(1965), Kartawinata and others (1981), Proctor and
others (1983), Riswan (1987a), Ashton (1984) pro-
vide data on lowland dipterocarp forests; Ashton
(1964 and 1984) and Peters (1991) report on upland
or hill dipterocarp forest; and Proctor and others
(1983), Ashton (1984), Riswan (1987b) describe
kerangas or heath forest. Anderson (1961, 1976)
provides thorough descriptions of the ecology
and floristics of peat swamp forest, and Corner
(1978) reports on freshwater swamp forests.

11. An estimated 33 percent of the plant species,
24 percent of the reptiles, 18 percent of the mam-

mals, and 6 percent of the birds of Borneo are
thought to be endemic to the island (MacKinnon
and Artha 1982). Similarly, 82 of the 130 local
species of Shorea, an important genera of timber
trees, are found nowhere else in the archipelago
(Ashton 1982).

12. These formulas are essentially the same as
those used by MacKinnon and Artha to calculate
what they called “Habitat Product.”

13. The “Land Suitability” methodology em-
ployed by RePPProT is limited by both (a) the
accuracy and precision with which sites can be
assessed and the requirements of different uses
established and (b) the neglect of economic con-
siderations such as market size, price, and other
considerations.

14. In some cases, a particular land system is
capable of supporting more than one land use.
Where this occurred, the model allocated land to
the option yielding the highest return.
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