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Foreword

We have entered the 1990s under a cloud of concern about depletion of
natural resources and degradation of the environment. Saving the remain-
ing forests in both tropical and temperate areas has become an important
priority of the world community. Sustainable development of forest resources
will contribute to economic and environmental security throughout the world.

To protect natural systems and to improve human welfare, nations must

* stabilize existing forests and plant trees. By establishing workable manage-

ment systems that are also socially and ecologically acceptable, nations can
use forest resources efficiently. Although many nations have already taken
steps to achieve sustainable development of forests, more needs to be done.

The world community must find a consensus on the appropriate actions
to address complex forestry issues. The U.N. Conference on Environment
and Development in June 1992 in Brazil represented one opportunity to
move toward this objective. The World Bank—as articulated in its new for-
est policy—will support global initiatives promoting conservation and sus-
tainable development of forest resources.

This book provides a timely assessment of the world forestry situation
from different perspectives. It offers policy options to decision makers, re-
flecting local, national, and global needs. In addition, we expect the book to
appeal to a broad audience, enhance people’s understanding of forestry
issues, and encourage dialogue among people at all levels.

VISVANATHAN RAJAGOPALAN
Vice President

Sector and Operations Policy
The World Bank

Xi






Preface

The loss of large expanses of forests, especially in the tropics, poses a
serious threat to human welfare and the global environment. The increasing
rate of deforestation has now become a serious concern of the world com-
munity. People everywhere want natural forests in both tropical and tem-
perate regions to be protected. And nations must manage forest resources
more efficiently to benefit present and future generations.

Because of the serious local, national, and global consequences of de—
structive deforestation, the World Bank undertook a comprehensive study
in mid-1989 to review its existing forestry policies and projects, to assess the
forestry situation in a global context, and to define a new forest policy to
guide its future operations in the sector.

The study, based on an interdisciplinary approach, used expertise asso-
ciated with forestry activities and development from within and outside the
Bank. Academic institutions, bilateral and multilateral agencies,
nongovernment organizations, and researchers—all were invited to discuss
policy, institutional, and technical issues and possible solutions for sustain-
able use of forest resources. These groups outside the Bank developed nu-
merous working papers that provided valuable input for developing the
Bank’s approach to forestry.

The Bank has recently issued its new forest policy, reiterating its com-
mitment to helping developing countries to move toward conservation and
sustainable development of forest resources. Another important product
of the Bank’s initiative is this book, which represents diverse views of many
authors from social, physical, and biclogical sciences. The book provides
different perspectlves on the world forestry situation and options for
development.

xiii
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The world community now faces two important challenges: The first
challenge is to arrest destructive deforestation and to manage existing for-
ests on a sustainable basis. The second challenge is to increase forest re-
sources through reforestation and afforestation. These challenges call for
appropriate actions and a participatory approach based on local needs, na-
tional priorities, and international cooperation.

This book addresses these challenges and contributes to the existing
knowledge and understanding of forestry issues, including the role of for-
ests in natural systems and in economic development. It is hoped that this
book will stimulate global dialogue and lead to consensus among people for
affirmative actions supporting conservation and development goals.

MicHEeL J. PerT

Director

Agriculture and Rural Development
The World Bank
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Glossary

Agroforestry. Land-use system in which woody perennials are used on the
same land as agricultural crops or animals, in some form of spatial
arrangement or temporal sequence.

Blologlcal diversity or Biodiversity. Diversity of species of plants and ani-
mals in an ecosystem.

Biomass. Total quantity of living tissue per tree, per unit of area, or in a
plant community.

Biome. Major ecological community type (e.g., grassland).

Biota. Flora and fauna of a region.

Broad-leaved species. Also known as hardwood, nonconiferous, or angio-
sperm species. This is a botanical classification, based on structure of
seed and wood, and not all broad-leaved species have broad leaves.
Trees are either broad-leaved or coniferous.

Clear-felling or Clear-cutting. Removal of the entire standing crop.

Closed forest. Stand density is greater than 20 percent and tree crowns
approach general contact with one another.

Common property resource. Nonprivate property such as communal land.
Can have open or limited access.

Conifer or coniferous species. Softwood or gymnosperm species, distinct
from broad-leaved (hardwood) species; mostly evergreen.

Conservation. Production of goods and services with protection of the en-
vironment and the resource base.

Conversion forest. Assigned for conversion to agriculture or other nonforest
use.

Desertification. Degradation of land that ultimately leads to desert-like

conditions.
Designated forest. Legally set aside for presetvation or production.

Xvii



Xviii GLOSSARY

Dipterocarp forest. Forests in Southeast Asia dominated by trees of the
Dipterocarpaceae family.

Ecosystem. Complex of living organisms and their environment.
Exotic species. Introduced from another ecozone; opposite of indigenous.

Farm forestry. People-oriented and carried out on private farmlands. Re-
lated but not synonymous terms: agroforestry, community forestry, and
social forestry.

Forest. (a) Noun (ecological sense of term): A plant community predomi-
nantly of irees and other woody vegetation, growing more or less closely
together. (b} Verb: to cover with irees; the term includes both afforest
and reforest.

Forestation. Umbrella term for afforestation and reforestation.

Forest concession. Lease or contract for use of forest.

Forest fallow (Bush fallow). Woody vegetation resulting from shifting cul-
tivation.

Forestry. Science, business, and art of creating, conserving, and managing

- forests and forest lands for the continuing use of their resources, mate-
rial or other.

Global warming. Rise in temperature of the earth due to increasing emis-
sions of greenhouse gases; deforestation is said to be one of the con-
tributors.

Growing stock. Standing volume of a forest area.

Habitat. Place or type of site where organism naturally lives.

Hardwood. Conventional term for the wood of broad-leaved trees, and for
the trees themselves. Hardwood is thus a botanical category, and the
wood may actually be very soft (e.g., balsa wood).

Industrial plantation. For the production of forest products other than
fuelwood, e.g., sawlogs, veneer logs, pulpwood, poles and pitprops,
and wattle bark.

Industrial forestry. Industrial plantations and forest industry.

Industrial roundwood. Roundwood other than fuelwood.

Intact forest (Primary or virgin forests). Essentially unmodified by human
activity for the past 60 to 80 years.

Logging. Felling and extraction of wood, especially as logs.
Log pond. Temporary storage area for logs before conversion to sawnwoods.

Monocyclic system. Principal fellings on a given area occur only once dur-
ing a rotation.
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National park. Natural area protected for scientific, educational, and recre-
ational use.

Natural regeneration. Renewal of a tree crop by natural means, as opposed
to artificial regeneration by means of planting or sowing.

Nature reserve. Area of ecosystem protected for its fauna and flora.

Nonwood products. Tangible minor forest products, such as fruit, nuts,
and bush meat (edible meat of wild animals).

Open forest. Tree canopy layer is discontinuous but covers at least 10 per-
cent of the area. Grass layer is continuous, allowing grazing and spread-
ing of fires.

Other wooded area (Woodland). Has some forest characteristics but is not
forest as defined under closed forest or open forest. Includes areas oc-
cupied by windbreaks, groups of trees, fallow, and shrublands.

Overgrazing. Grazmg exceeding the capacity of the site and hence leading
to soil erosion.

Plantation. Forest crop established by sowing or planting.

Polycyclic system. Principal fellings on a given area occur more than once
during a rotation. _

Preservation forest. Designated for total protection of representative forest
ecosystems in which all forms of extraction are prohibited.

Primary forest. Either essentially unmodified by human activity (intact) or
modified only by the hunting and gathering act1v1t1es of indigenous
people.

Production forest. Designated for sustainable production of forest prod-
ucts.

Protection forest. Designated for stablhzatlon of mountain slopes, upland
watersheds, fragile lands, reservoirs, and catchment areas. Controlled
sustainable extraction of nonwood products could be allowed.

Reserve. In this book, and in general U.S. practice, this term is synonymous
with preserve, (i.e., land set aside for total protection). However, in the
tropics the term forest reserve (Fr.: foret classee) generally means a log-
ging reserve that has been designated to be under forest cover forever
(U.S. term: national forest).

Rotation. Planned number of years between establishment of a forest stand
and its felling.

Roundwood. Wood in the rough or natural state. Made up of industrial
roundwood and fuelwood.

Sawlogs. Extracted logs for sawing into lumber,
Sawnwood. Lumber.



XX GLOSSARY

Secondary forest. Subjected to a light cycle of shifting cultivation or to
various intensities of logging, but still containing indigenous trees or
shrubs.

Selection felling or cutting. Harvesting of only a small proportion of the
standing crop; opposite of clear-felling.

Shelterbelt. Sirip of trees providing shelter, generally from wind.

Shelterwood system. Old crop is removed in two or more fellings to en-
courage regeneration in its shelter.

Shifted cultivator. Cultivator who has moved into forest areas.

Shifting cultivation (Swidden, Taungya). Farming system in which land is
periodically cleared, farmed, and then returned to fallow; synonymous
with slash-and-burn or swidden agriculture.

Shrubland (Brushland or scrubland). Shrubs or stunted trees cover more
than 20 percent of the area; not used primarily for agricultural or other
nonforestry purposes, such as grazing of domestic animals.

Silviculture. Science and art of cultivating forest crops.

Social forestry (Regreening). Farm forestry and community forestry.

Softwood. Coniferous wood or conifers.

Stumpage or royalty. Fee or price of standing trees before logging.

Sustainable development. Meets present needs without compromising the
ability of future generations to meet their own needs.

Sustainable management. Supports multiple uses (including biodiversity
preservation, timber harvesting, extraction of bush meat and other
nonwood products, soil and water conservation, tourism, recreation, -
and enjoyment of natural amenities) based on an ecosystem concept
that allows utilization of forests without undermining their use by present
and future generations. Different systems of management would be
required for each category of forest depending on the intended output.

Sustained yield. Yield that a forest can produce continuously at a given
intensity of management, hence “sustained yield management.” The
latter term may be further defined according to the production objective
(e.g., water, logs, biodiversity, or bush meat).

Tree tenure. Ownership of trees or their usufruct.

Tropical dry forest (TDF). Open forest with continuous grass cover; distin-
guished from other tropical forests by distinct seasonality and low rain-
fall. Includes woody savannas and shrubland.

Tropical moist forest (TMF). Situated in areas receiving not less than 100
mm of rain in any month for two out of three years, with a mean annual
temperature of 24°C or higher; mostly low-lying, generally closed. Sub-
divided into tropical rain forest and tropical moist deciduous forest.



GLOSSARY . XX

Tropical rain forest. Evergreen, situated in the more humid and low-lying
parts of the tropical moist forest zone, and also known as tropical hu-
mid forest. The most species-rich part of the tropical moist forest. Con-
tains valuable timbers generally growing on poor soils.

Underinvoicing of logs. Endemic practice whereby firms obtain tropical
hardwood logs from their concessions in the producer couniry for a
fraction of their true value.

Understory. Lower levels of shade-tolerant trees in a dense forest.

Wasteland. Land that is degraded and unproductive. _

Watershed. Area draining ultimately to a particular watercourse or body of
water.

Wood-based panels. Includes veneer, plywood, particle board, and fiber-
board. Sometimes called panel products.

Woodfuel. Fuelwood and charcoal.






Introduction

Narendra P. Sharmn

F orests are a valuable environmental and economic resource for support-
ing natural systems and for improving human welfare. Human activities
have always modified the forest environment, but in recent years the inten-
sity and scale of forest use have increased significantly. Everyone has ben-
efited when people have treated forests as renewable resources, protected
them to preserve biodiversity, or transformed them to support other eco-
nomic activities on a sustainable basis. Conversely, destructive exploitation
of forests has caused serious economic, social, and environmental losses.

. In recent years, issues relating to forestry have become more complex,
and the status of forests is now a subject of worldwide debate. Scores of
publications have raised concerns about the demise of world forests, espe-
cially in tropical areas, and people throughout the world are increasingly
demanding protection of natural forests. At the same time, there are strong
differences of opinion among people, as well as among nations, about how
forests should be used and managed to support conservation and develop-
ment goals.

The world community today faces the challenge of achieving a balance
between development and maintenance of natural systems and thereby
ensuring the integrity and stability of forest ecosystems. People can reverse
the tide of destructive deforestation, stabilize the forests of the world, and
increase forest resources.

This book provides numerous perspectives on world forests and on the
political economy of forest management. Authors with broad experience in
many fields present diverse views on key forestry issues and solutions needed
to accelerate the transition to sustainable use of forest resources. Some of
the chapters, in fact, present opposing views, reflecting different perspec-
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tives and opinions. Each study is the outcome of individual research and
analysis, discussion among the authors, and dialogue between the authors
and representatives from the nongovernment organizations, the donor com-
munity, the private sector, and governments, :

ABOUT THIS BOOK

This chapter begins with a brief overview of the other chapters in this
bock. The subject of managing the world’s forests is then examined here in
terms of four questions: (1) Why are the forests and trees important? (2)
What is the problem? (3) What are the causes of the problem? and (4) How
should this problem be addressed? The rest of this volume is divided into
six parts.

Part I provides background on the world forest situation. Chapter 2 (by
Narendra P. Sharma, Raymond Rowe, Keith Openshaw, and Michael
Jacobson) describes the world’s forest resources: the types and distribu-
tion of forests and the different uses made of the forests in developed and
developing countries. It also describes the role of the forests in natural sys-
tems and in economic development, and the world trade in forest products.
Chapter 3 (by Raymond Rowe, Narendra P. Sharma, and John Browder)
outlines the dimensions of the deforestation problem and compares the
direct causes (agricultural expansion, overgrazing, fuelwood gathering, com-
mercial logging, and infrastructure and industrial development) with the
underlying causes (market and policy failures, population growth and rural
poverty, and the burden of external debt). The chapter ends with an assess-
~ ment of the serious social, economic, and environmental costs associated
with destructive deforestation.

Global environmental concerns {potential climate change and loss of
biodiversity associated with deforestation) are introduced in part II. Chap-
ter 4 (by Daniel B. Botkin and Lee M. Talbot) provides an ecological per-
spective to natural forest management. It discusses the importance of bio-
logical resources and the effects that forest management techniques and
changes in land use have had on biological diversity in the past and might
have in the future. It assesses the current rate of change in biological diver-
sity, outlines the criteria for sustainability of forest ecosystems, and sug-
gests ways in which the international community can help to protect more
natural forests, particularly tropical moist forests.

The authors present the underlying rationale for conserving biological
diversity {once lost, a species cannot be regained), as well as the utilitarian,
aesthetic, moral, and ecological justifications. They note that of the three
general categories of measures for conserving biological diversity of for-
ests—protection of natural or near-natural ecosystems, restoration and reha-
bilitation of degraded lands, and ex situ protection of individual species—
the first is by far the most important. Finally, the chapter presents a new
approach to management of natural forests as biological conservation areas.
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Chapter 5 (by George Woodwell) details the role of forests in climatic
change. After analyzing the factors that determine the composition of the
atmosphere, Woodwell notes that climatologists have grossly underestimated
the effecis of forests on climate and that the most conspicuous, short-term
effect of forests globally is the extent of their control over the carbon dioxide
content of the atmosphere. According to Woodwell, deforestation results in
the release of carbon into the atmosphere thus contributing to global warm-
ing. He addresses a number of questions: whether global warming will
produce greater areas of forests; what can be done to slow the accurmulation
of heat-trapping gases; whether reforestation can be used to remove carbon
from the atmosphere at least temporarily; and what steps must be taken to
stabilize the composition of the atmosphere. The chapter concludes with
some recommendations for action by the international community to stabi-

- lize forests and to increase reforestation.

Parts IIT and IV focus on policy and institutional issues, as well as on
forest valuation and the social dimension of forestry. Chapter 6 (by Jeffrey
R. Vincent and Claude S. Binkley) considers whether industrialization based
on the forest resource still has a role to play in economic development. The
authors believe that many of the past environmental and economic prob-
lems can be blamed on government policies that tended to foster an un-
stable macroeconomic environment, to keep wood artificially cheap, and to
direct investment toward inefficient processing industries. The results have
been depletion of forests, inadequate management of natural forests, limited
establishment of plantations, and underused processing capacity. The au-
thors argue that with the right policies, forest-based industrialization can
become an important source of employment and income, and can promote
conservation by enabling forests to outcompete alternative land uses. The
chapter explores these issues by examining forest-based industrialization
over several decades in Peninsular Malaysia, Ghana, and Chile, and out-
lines policy recommendations.

Chapter 7 (by Malcolm Gillis) focuses on how government forestry poli-
cies provide incentives for rapid exploitation of forest resources and devel-
opment of inefficient wood industries. Gillis details current concession poli-
cies and forest revenue systems in selected countries in Africa, Asia, and
Latin America. He concludes by offering options for reforms of tropical
forest revenue systems that vary with administrative strengths and weak-
nesses and with the quality of information about forest inventories. All the
proposed reform programs aim to capture a greater share of rents for the
forest owner, to correct serious underpricing of forest resources, to remove
strong incentives for inefficiency in the use of the wood resources of the
forest, and to establish forest fees }ugh enough to offset the adverse environ-
mental effects of logging.

- Chapter 8 (by D. Evan Mercer and John Soussan) analyzes the nature
and origins of fuelwood problems and past policy approaches to solving
them. Fuelwood problems are viewed primarily as one consequence of the.
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interaction of environmental and economic forces at the local level, which
results in numerous resource stresses. The authors state that fuelwood prob-
lems and policies should be seen as part of a wider land resource manage-
ment policy. They point out that just as there is no one fuelwood problem,

' there are many potential solutions, and the key is to identify what will work

where and why. The authors add that fuelwood problems and intervention
opportunities are highly variable and specific to localities.

The authors suggest means for tackling fuelwood problems but claim
that technical interventions will prove ineffective without the introduction
of policy reforms to permit effective markets to operate, to produce prices
that reflect real costs, to change land-tenure arrangements, and to promote
community participation. The authors conclude that policy reforms may
enable markets to solve fuelwood allocation and production problems with-
out further public-sector involvement. In other cases, public-sector interven-
tion may be required in the short to medium term to assist in this transition.

Chapter 9 (by Douglas Southgate) describes the policy environment
responsible for excessive deforestation through Latin America, focusing on
three countries. In Brazil, substantial agricultural colonization along many
of the roads penetrating the Amazon Basin is blamed partly on the subsidi-
zation of land clearing, partly on the fact that tax and other policies have
made land elsewhere in the country more expensive, and partly on the
multifaceted tenurial crisis. The same crisis affects Ecuador, where inad-
equate investment in the scientific base underpinning agriculture and other
sectors of the rural economy also results in excessive frontier expansion,
The role of intense demographic pressure is illustrated by the case of Gua-
temala. The chapter closes with some suggestions for appropriate govern-
mental response to increasing land scarcity: devolving control over forests,
eliminating subsidies for land-use conversion, eliminating policies that arti-
ficially enhance hold values in nonfrontier areas, planning and evaluating
infrastructure projects more carefully, and accelerating formation of nonland
assefs in the agricultural sector.

Chapter 10 (by Randall Kramer, Robert Healy, and Robert Mendelschn)
describes the importance of proper forest valuation to assess the value of
forests, the appraisal of forestry projects, and other projects that affect for-
ests, and describes the reasons why forests are often misvalued. The authors
point out that forests provide many economic and environmental goods
and services. Some of these forest goods are traded in formal and informal
markets. But a number of other environmental goods and services, such as
biological resources, watershed services, and carbon sequestering, are like
public goods for which markets do not exist. Consequently, many noncom-
mercial forest products are not valued, or they are misvalued. Moreover,
many of the commercial products of forests are misvalued because of mar-
ket distortions, such as the existence of externalities, market power, and
inappropriate government intervention. The simultaneous production of
many products and the lack of information on forest products also result in
misvaluation of forests.
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According to the authors, proper valuation of forests is important to the
appraisal of investment programs relating to forests and to the development
of forests and nonforest policies. Undervaluation of forests can bias policy
~ decisions related to resource allocation, can result in underestimation of the
contribution of forests to the national economy, and can resulf in acceler-
ated depletion of forest resources. The authors state that valuation tech-
niques are available and applicable to both market and nonmarket forest
products. However, they recommend that the donor community take the
lead in promoting the refinement and application of valuation techniques
for nonmarket goods and services, especially in developing countries, so
that planners can formulate effective policies, choose among projects, allo-
cate funds for research in forest management, and implement better forest-
management systems. '

Chapter 11 (by Marie Lynn Miranda, Olga Marta Corrales, Michael Regan,
and William Ascher) discusses problems plaguing forestry institutions and
examines new approaches to forest management in Colombia, Honduras,
and Malaysia. These approaches include financing arrangements that pro-
vide partial or full administrative funding for the forestry institution di-
rectly from forestry operations. The authors note that the new institutional
designs have performed reasonably well in generating revenue and captur-
ing rent but have taken insufficient account of the diverse environmental
and social services provided by the forest. The authors also develop an
analytical framework that attempts to link institutional structure to perfor-
mance in revenue generation, social forestry, and environmental services.
To improve the performance of forestry institutions in forest management,
the authors suggest the involvement of local people, provision of appropri-
ate financial incentives to both local and government officials, provision of
mechanisms to deal with conflicts and complementarities among multiple
objectives in forest management, and interagency coordination.

Chapter 12 (by Michael Cernea) is based on the premise that it is just
as important to address the sociocultural issues involved in tree planting
and forest management as it is to resolve the economic and technical issues.
The author first discusses the centrality of people, rather than commodities,
in formulating environmentally sound development policies. He then de-
fines the social actors of deforestation and the failure of markets, the goals
of social forestry as a people-oriented strategy, and the need to design it
around well-identified social actors. Cernea argues that the ultimate success
of any reforestation strategy depends on the social forces that can be sum-
moned to accomplish the task. He argues for forestry strategies that go
beyond conservation of the remaining forests to trigger massive additional
tree planting by the people. He also analyzes the sociological reasons why
community woodlot projects have largely failed. He closes by outlining two
types of actor-centered strategies in tree planting: family-centered and group-
centered. - : -

Part V, which deals with forest management, covers several important
topics: natural tropical forests, plantations, agroforestry, and watersheds.
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Chapter 13 (by John Palmer and Timothy J. Synnott) discusses the jus-
tification for forest management and concentrates on the factors needed for
effective forest management, pointing out that government forestry depart-
ments should not aim to be the sole managers of forest in the national
interest. The authors argue that industries and wood-using enterprises also
have a legitimate interest in ensuring that the source of their raw materials
is managed appropriately, and land-hungry farmers on the forest fringes
must receive equitable access to forest goods and services and must partici-
pate in decisions about management. Consumers of forest products also
have a legitimate interest in the fate of forests. Conflict over forests and land
is likely to sharpen, the authors note, as public opinion, democratic move-
ments, and special interest groups influence policy decisions.

The authors also outline major conditions for sustainable management,
including the knowledge that people must have for better management. In
addition, the authors recommend that the members of the donor commu-
nity better coordinate their efforts; encourage better information on tech-
niques for management of natural forests; plan and execute development
projects in the social, cultural, institutional, and political context; use the
established criteria for sustainable management; and use forestry develop-
ment projects as demonstrations of good management.

Chapter 14 (by P.J. Kanowski and P.5. Savill, with P.G. Adlard, J. Burley,
J. Evans, J.R. Palmer, and P.J. Wood) describes the development of planta-
tion forestry since 1950 and the important lessons from early trials for today’s
successful use of tree plantations. The authors review the best management
strategies and discuss the financial characteristics of trees as crops, the policy
environment, the elements of forest management, and the environmental
impacts of plantations. They also assess the constraints, opportunities, and
priorities relating to plantations. They conclude with lists of the elements
necessary for plantation programs, the technical requirements for successful
plantatlon forestry, the key research approaches necessary for the continu-
ing development of plantation forestry, and some “basic truths” for the
formulators of forest policy.

Chapter 15 (by P.K.R. Nair) makes the case for the “coming of age” of
agroforestry, with the realization of the potentials for sustained yields and
conservation benefits and of the multiple-output nature of the age-old land-
use systems in which trees and crops, and sometimes animals, are raised on
the same piece of land in interacting combinations. The chapter evaluates a
few promising agroforestry practices in terms of their potential as well as
ecological adaptability, and it develops a matrix of agroforestry practices
versus agroecological conditions that can be used as the basis for the design
of agroforestry systems. The author also briefly considers some common
constraints to adoption of agroforestry practices and argues for more re-
search in agroforestry.

As the forests in most parts of the developing world become degraded
and the demand for fuel, fodder, and similar products continues to increase,



INTRODUCTION 7

the importance of nonforest sources of production is growing. And as ex-
propriation by the state, privatization, and encroachment reduce common
property resources, and overuse degrades the resources that remain outside
farming areas, reliance on on-farm resources increases. Thus chapter 16 (by
J.EM. Arnold) examines the economic and policy issues relating to the pro-
duction of forest products by rural people along with their agricultural and
livestock systems. The two main components of production at this level are
(1) the incorporation into its farming system of planted and managed trees
of value to the farm household and (2) the management of neighboring
common property resources to provide inputs that will complement those
available from on-farm resources. Arnold reviews trends in the use of, and
rural reliance on, forest products; examines the role of common lands as a
source of these products; and reviews trends in the growing and manage-
ment of trees in farming systems.

Chapter 17 (by Kenneth Brooks, Hans Gregersen, Peter Ffolliott, and
K.G. Tejwani) examines the role of watershed management as a component
of forestry and related development projects, and provides a practical frame-
work that can be used to identify and assess priorities for watershed com-
ponents in forestry projects. The chapter also examines the role of trees and
forests in meeting watershed management objectives, and provides many
examples to illustrate the problems and opportunities associated with inte-
grating watershed management into the fabric of development projects. The
authors add that appropriate technology based on local practices and re-
sources is preferred and argue that single species (monocultures) and quick-
fix solutions should be avoided in favor of more diverse systems that can
better capture the hydrologic and ecological characteristics of stable sys-
tems. The authors emphasize the need for active training and research in
watershed management and the importance of conducting pilot studies for
projects where considerable uncertainty exists and problems are evident.
Generally, the authors favor small-scale projects instead of large, complex,
and multifaceted projects. The authors articulate a number of recommenda-
tions to overcome barriers to the adoption of improved watershed manage-
ment practices.

Finally, part VI examines the existing conditions and the policies needed
at the local, national, and global levels for managing forest resources in a
broader context of sustainable development. Chapter 18 (by Narendra P.
Sharma, Raymond Rowe, Mikael Grut, Randall Kramer, and Hans Gregersen)
argues for a merger of conservation and development objectives because in
the long term they are complementary. Variety in land use—from mainte-
nance of the pristine forest preserve to the productive clearing of forest for
sustainable agriculture—is consistent with both concepts. Moderation and
balance in the use of resources—plus recognition of linkages and variation
in the environment—are cornerstones of both conservation and sustainable
development. The authors emphasize the importance of improving our
knowledge of environment-friendly technologies, land-use planning, and
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design and implementation of policies that influence forest- and tree-based
activities.

To reduce the strain on forest resources, the authors point out that
countries can undertake a variety of demand-reducing activities, such as
improving their efficiency in extracting, processing, and using wood; substi-
tuting nonwood fuel sources; promoting paper recycling; expanding mar-
kets for diverse species of tropical hardwoods; and pricing their forest prod-
ucts more efficiently. On the supply side, countries can improve the
management of existing forests for different uses; encourage plantations,
woodlots, and agroforestry as alternative sources of wood products; and
improve the management of the area devoted to preservation and protec-
tion of forests. In addition, the authors state that the diverse interests at the
local, national, and global levels must be reconciled to promote wise use of
forest resources. The authors emphasize that countries should adopt a
multisectoral approach to forest management and create incentives through
policy and institutional reforms for sustainable use of forest resources.

The authors stress the importance of local participation in forest projects
and of recognition of property rights, the interests of women, and the needs
and coniributions of indigenous people. The authors also describe some
actions needed at the global level to find solutions to the problems associ-
ated with deforestation, to preserve intact forests, and to expand forestry
research. '

The last chapter (by Narendra P. Sharma, Clark Binkley, and Jeffrey
Burley) weaves together the critical concerns of this book into a policy for
sustainable forestry, recognizing the critical role of the market, the public
sector, and the people. The authors argue that countries need to correct
market and government failures and to get people involved in forest man-
agement, and to create an appropriate policy environment so that forests
retain their essential natural functions while sustaining their capacity to
support people. In the short run, especially in the tropics, the extent and
quality of existing forests need to be stabilized through the funding of ap-
propriate solutions to the causes of deforestation. In the longer term, forest
resources need to be augmented—through reforestation and afforestation as
well as through sustained, integrated management of existing forests.

In addition to policy and institutional reforms, the other main goals
proposed for governments are conservation of natural forests through sus-
tajinable management for multiple uses, implemented through land-use
zoning; expansion of protected areas for preservation of diverse forest
ecosystems with global efforts; augmentation of forest resources through
forestation to meet the demand of forest products and to provide environ-
mental services and ecosystem protection; and implementation of programs
to intensify agriculture and to promote rural development, especially in
densely populated areas adjacent to forests. In short, saving the world’s
forests for future generations will require greater international cooperation,
further developments in global organization, new revenue mobilization and
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allocation mechanisms, availability of concessionary funding, increased re-
search, and further improVements in economic tools available to define and
analyze environmental externalities relating to forestry.

This book also contains a statistical appendix that presents hard-to-find
data, compiled by country and reglon on forest resources and forestry
activities. :

FOUR QUESTIONS

1. Why Are Forests and Trees Important?

Forests account for almost 30 percent of the earth’s total land area.
People throughout the world are increasingly recognizing the importance of
forests and trees in improving human welfare. Both natural and man-made
forests have economic, social, and environmental benefits, and forests pIay
an important role in economic development—providing employment, in-
come, and foreign exchange.

Forests represent capital when converted to desirable forms of shelter
and infrastructure; forests also provide land for food production. They con-
tribute to the economy by providing commercial products (sawnwood, ve-
neer logs, and logs for pulp), as well as nonwood products (nuts, fruits,
gums, fiber, latex, bush meat, and palms). Forests also provide materials for
agricultural, industrial, and ‘medicinal uses. The economic benefits arising
from the use of nonwood products on a sustainable basis can be substantial.
Forests are also. an important source of food, fiber, and energy for indig-
enous populations and local communities. Nearly half of the world’s popu-
lation, mainly in developing countries, depends to some extent on forests
for consumption goods.

Forests are also an integral component of the biosphere, helping to
stabilize natural systems. Forests contribute to biological diversity and help
~ maintain air, water, and soil quality. They influence blogeochemlcal pro-
cesses, regulate runoff and groundwater, control soil erosion, influence local
climate, and reduce downstream sedimentation and flooding. As carbon -
sinks, forests sequester carbon dioxide from the atmosphere, thus reducing
the greenhouse effect. They have aesthetic value and offer recreational op-
portunities. Forests have “nonuse” or “existence” value as well, because
people value forests even when they make no direct use of the resource
now. The loss of environmental benefits from depletion of forests can be
considerable in economic terms (especially when the effect is 1rrever81ble)
but these costs are difficult to quantify.

2. What Is the Problem?

People everywhere are concerned about the rate at which forests are
being depleted and the extent of destructive deforestation. In recent decades
the pace of deforestation has been increasing because there are strong incen-
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tives to exploit forests. Deforestation in the tropics is now estimated at
nearly 20 million hectares annually, an area almost equivalent to Britain or
Uganda. Many developing countries face acute shortages of fuelwood, fod-
der, timber, and other forest products. Atmospheric pollution threatens tem-
perate forests in many industrialized countries, while many tropical and
temperate areas lack forests altogether.

By the year 2000 the world population will increase by 1 billion, with
developing countries accounting for most of the increase. The rise in popu-
lation and income will increase demand for both market and nonmarket
forest goods and services—and that demand will place more pressure on
existing forests, particularly in developing countries. Deforestation in the
tropics is expected to continue to be significant throughout the 1990s.

Misuse of forests has significant social, economic, and environmental
costs with local, national, and global implications. Depletion of forests has
resulted in loss of biodiversity, possible global climate change, degradation
of watersheds, and desertification. In many countries, forest-dwellers have
been displaced and cultural diversity threateried. Reduced fuelwood sup-
plies have significantly influenced how women and children (the primary
fuelwood gatherers) spend their time. Deforestation, together with land
degradation, exacerbates the problem of poverty in rural areas. Besides hav-
ing adverse environmental and social consequences, wasteful deforestation
generates economic losses, including the permanent depletion of a renew-
able resource, loss of genetic diversity, and reduction of agricultural pro-
ductivity.

3. What Are the Causes of the Problem?.

Economic activities, such as agriculture, cattle ranching, fuelwood gath-
ering, commercial logging, and infrastructure development, are perceived
as direct causes of deforestation. But these causal factors are driven by
economic, social, and political forces in a broader context of political economy.
These forces manifest themselves through market and policy failures, popu-
lation pressures, and poverty. The relative importance of these direct and
underlying causes of deforestation varies significantly among countries.

Social factors (e.g., culture, values, traditional practices, and property
rights) influence people’s interaction with forests, their access to forests, and
their valuation of forests. Economic factors {e.g., the market, incentives, and
trade) influence the production of forest goods and services, the role of the
forest sector in the national economy, and the distribution of income result-
ing from forest activities. Political factors (e.g., the political system and the
political process of decision making, government ownership of natural re-
sources, and public policies) affect the degree of intervention in the pricing
and extraction of forest products, the extension of favorable treatment to
interest groups, and the selective provision of forest output as public goods.
External factors (e.g., the demand of foreign countries for local resources
and products) also influence economic and political considerations in forest
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use. The dynamic interaction of these social, economic, and political factors
creates competing demands for forest goods and services and forest lands,
which result in either sustainable use of forests or destructive deforestation.

Interest groups have an important role in the exploitation of forests,
influencing policy decisions and management of forest resources. At the
local level, where the concern is for improving human welfare, people use
forests for commercial and subsistence purposes, and they clear forest-areas
for farming and ranching. At the national level, forests often represent an
important source of foreign exchange, employment, government revenue,
and land for agriculture, mining, or industry. In response to social and
political pressures, national interests frequently favor exploitation of forests
for short-term economic gains. At the global level, people demand forest
products but also seek to preserve forests because of their role in climate
and biodiversity. Because of their competing aims and values, local, na-
tional, and global interests often conflict. Furthermore, within each level
there are competing interest groups. At the local level, for instance, forest
dwellers, farmers, landless people, commercial entrepreneurs, and local
government compete for the use of forests.

The market does not value all the environmental goods and services
that have characteristics similar to those of pure public goods. This market
failure creates conditions for inefficient use of forest resources. Because en-
vironmental costs are not internalized, private and social costs diverge. More-
over, the conflict between the time horizon of people now living and the
needs of future generations creates a bias in favor of exploiting forests more
rapidly. The use of high discount rates in investment decisions discourages
conservation and environmental protection projects that have long gestation
periods for generating net benefits. Also, the lack of clearly defined prop-
erty rights creates market distortions and makes forests vulnerable to pres-
sures from rapid population growth and poverty. Finally, benefits and costs
are often not directly related to the use of forests. Although some benefits
from the use of forests (e.g., harvesting of forest for wood products), can
accrue directly to some people today, environmental costs (e.g., downstream.
effects in the form of flooding and soil erosion) may be borne by others in
distant places and over time. This situation inhibits individuals and govern-
ments from taking costly measures that have intangible benefits.

Public policies seldom provide adequate incentives for sustainable man-
agement of forests or promotion of reforestation. By distorting the true cost
or price of forest resources, perverse public policies have encouraged short-
term exploitation of forests. Experience in many countries shows that agri-
cultural incentive policies, resettlement, taxation, and trade policies are fre-
quently more influential in determining land use than forest-sector policies.
Existing agricultural and credit policies and tenurial incentives often en-
courage expansion of the agricultural frontier at the expense of forests. In-
adequate government response to increasing land scarcity provides incen-
tives to people, especially in densely populated regions, to move into forest
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areas. Inefficient fuelwood policies (pricing, concession policy, and subsi-
dies) have made fuelwood scarce in many areas, leading to depletion of
forests.

Severe underpricing of tropical tlmber through deficient royalty and
concession policies leads to serious waste of resources. Underpricing also
implies that the ‘owners of the resources are not capturing a significant
portion of timber rents. Countries reduce benefits from commercial forestry
by maintaining an unstable macroeconomic environment, keeping wood
artificially cheap, and directing investments toward inefficient processing
industries. Other negative consequences include unsustainable management
of natural forests, low levels of reforestation, inadequate use of processing
capacity, and even the loss of forests. Finally, weak enforcement of existing
regulations and concession agreements also has encouraged unsustainable
use of forests.

In the many countries where the government is the principal holder of
forest property rights, traditional systems of providing access to forests and
allocating common property resources to local people have broken down.
The government’s disregard of traditional rights of local communities and
tribal groups makes forests more vulnerable to open-access problems. More-
over, in many instances, governments lack the capacity to manage forests
effectively and to control access to forest land under public ownership.
Local people also lack the technology and the legal and institutional frame-
work to manage forests sustainably.

Forests are undervalued because many of their noncommercial prod-
ucts, as well as their environmental goods and services, are not taken into
account. Therefore in many countries the contributions of the forest sector
to the economy (computed in terms of gross domestic product) is less than

‘the contribution of other productive activities such as agriculture and in-

dustry. As a result governments tend to assign a low priority to the forest
sector and to make relatively low investments in forest management,
research, and plantation programs. And because of a general lack of know-
ledge about the ecological effects of human interaction with forests, govern-
ments and the private sector often ignore the environmental benefits derived
from forests and the environmental costs associated with destructive
deforestation. Even though a society may place a high value on environ-
mental services, if the goods and services do not generate a monetary re-
turn, forests may still be undervalued by the market, the private sector, or
the government.

Many forest conservation and development programs suffer from weak
legal and institutional support. Forestry institutions such as forestry depart-
ments usually operate within a larger framework in which overlapping
jurisdictions and policy objectives lead to conflict over forest land use.
Revenue-earning, development, and conservation priorities conflict. Forestry
institutions are frequently pressured to support some objectives to the neglect
of others. Governments have also failed to include local communities, tribal
groups, and the private sector in the long-term management of forests.
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Finally, intact forests, especially primary tropical moist forests, are in-
creasingly viewed as a global environmental good because of their
biodiversity and their influence on climate. But the world community has
neither the institutional and legal framework nor a special global fund to
impose guidelines and “best practice” behavior on countries to ensure sus-
tainable management of forests or to finance large-scale management of
preservation forests. Each nation retains the sovereign right to manage its
forest resources as it wishes, and there is as yet no consensus in the world
community on sustainable use of forests.

4. How Should This Problem Be Addressed?

The world community and independent nations face two forest-related
challenges: to manage existing natural forests (both temperate and tropical)
sustainably and to expand forest resources through reforestation and affor-.
estation. Plantations in tropical and temperate areas, restoration of degraded
forests, and trees planted outside forest areas (e.g., farms and urban areas)
should provide more forest products and environmental services. Appro-
priate local, national, and global actions are needed to meet these chal-
lenges. A participatory approach, which takes into account local needs and
national priorities and is based on international cooperation, is vital.

In the transition to sustainable development of forests, trade-offs be-
tween short-term economic gains and long-term development must be made.
By balancing conservation and development goals, sustainable development
protects the interests of current and future generations in the use of forest
resources and links consumption to the needs of the society. Sustainable
development also requires reducing population growth and poverty, par-
ticularly in areas where natural resources and the environment are already
under stress. _

As countries try to stabilize existing forests and increase forest resources,
they face many important questions: How much forest should be main-
tained to meet the desired economic, social, conservation, and environmen-
tal objectives? How should these resources be classified and managed to
reflect both the productive and the protective functions of forests {(forest
reserves; national parks; protective forests; forests for timber production;
wildlife preserves; forests for recreational purposes; and forest areas for
mixed cropping, tree crops, agroforestry, and nonwood product extraction)?
To what extent should global concerns be reflected in these decisions?

Answers to these questions go beyond the scope of economics or the
market. Important ecological, ethical, and sociopolitical considerations are
involved as well. Economic reasoning and improved scientific information
will be helpful, but ultimately each country must decide how much forest to
maintain to accommodate current and future needs. Ideally, all remaining

‘natural forests should remain intact, but preserving them all intact would
be unrealistic given the needs of many developing countries for social and
economic development. Most countries will opt for a second-best solution
by considering intact forests for multiple uses, balancing conservation and
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development objectives. On ethical considerations, a “burden of proof” falls
to each country to demonstrate that use of natural forests is necessary and
ecologically sustainable.

Eventually each country must develop its own forest conservation and
development program and create incentives for sustainable use of forest
resources. Countries should take the values of conserving forests for the

“future into account in decisions about land use and management of forest

ecosystems for multiple uses, including commercial forestry. Strategies for
more efficient use of forest resources should be developed in a larger
context of natural resource management policy. Specifically, to establish
incentives for sustainable use of forests, countries need to develop a com-

- prehensive national land-use policy, strengthen forest management systems

for single or multiple uses, enhance traditional restrictions on destructive
resource use, create property rights and legal restrictions, correct market
and policy failures, develop forestry institutions and human resources,
involve local people and the private sector in forest management, adopt
environment-friendly technology, implement conservation measures in the
consumption of forest goods, and expand environmental education.

Correcting market and price distortions will significantly improve the
use and management of forests, but because of the opposition of interest
groups, policy changes will be difficult, requiring strong public support and
political will by decision makers. Furthermore, as noted earlier, many pol-
icies relating to the use of forests fall outside the forest sector, and the
policies in other sectors support competing objectives with broader implica-
tions. Loss of forests, for example, is an unintended effect of some agricul-
tural policies (such as pricing, taxation, and subsidies) designed to increase
food production, income, and employment. Policy reforms could require
the sacrifice of some benefits in the short term. For example, preservation of
forests could prevent people who depend on this resource for their liveli-
hood from having access to forests. In the absence of alternatives for gener-
ating employment and income, these people could fall deeper into poverty.

Policy changes will also be complex because of other considerations.
Externality costs associated with forest use (such as replacement and envi-
ronmental costs resulting from harvesting) may have regional and global
consequences, but sovereign governments can be expected only to address
domestic externalities in their pricing and taxation policies. Global exter-
nalities need to be dealt with through international cooperation and, possi-
bly, income transfers from rich countries to poor. In addition, forest land is
used by people with a wide variety of land tenure arrangements, including
indigenous tribal groups with long-held customary rights, illegal squatters,
communities managing common land, and freehold farmers with state-
granted leases or titles. Customary. tenure systems also vary considerably
and can be much more complex than open-access systems. The rights that
people have over forest lands significantly influence their response to par-
ticular incentive policies.
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Moving toward conservation and sustainable use of forest resources
also has significant cost implications. Because intact natural forests, espe-
cially primary tropical moist forests, are increasingly considered to be a
- global environmental good, the compelling questions relating to forest con-
servation on a large scale are those of cost and compensation. Who should
pay for the cost of preserving forests for the benefit of the world commu-
nity, now and in the future? Also, what proportion of the cost should be
met nationally because benefits accrue locally? How should countries, and
affected social groups within countries, be compensated for income forgone
as a result of forest preservation that benefits everyone? And how should
that compensation be determined? Such questions, however difficult, lie at
the heart of the conflict between development and preservation of forest
resources. ' _

Proper valuation of forests to promote more efficient uses of forest re-
sources needs special attention. Accurate valuation is essential for better
+ allocation of resources and for improved design and appraisal of both for-
estry and nonforestry projects. Investment decisions among alternative land
uses require accurate measures of costs and benefits of different forest goods
and services. Undervaluation of forest products as a result of distorted
markets and unpriced environmental services provided by intact forests
may create a bias toward incentive policies favoring nonforest land-use
activities. At present, national income accounts reflect only a fraction of
the goods and services generated by forests. Current national accounting
practices fail to treat the depletion of forest stocks as capital depreciation or
to consider the degradation of the environmental services associated with
forest destruction. _

The world community can help countries stabilize natural forests and
deal with global environmental concerns. That community also carries the
“burden of responsibility” to support developing countries in their drive to
use forest resources more efficiently. During the past decade the world
community has launched a number of important initiatives (such as the
Global Environmental Facility, the Tropical Forestry Action Plan, and the
establishment of the International Tropical Timber Association) that empha-
size preservation and sustainable management of forests, but more needs to
be done through international cooperation.

The world community urgently needs to develop a global strategy for
forest management and to provide funding to help countries. All types of
forests, not just primary tropical moist forests, need help; at present, too
much attention is directed to the latter. The world community should also
support research efforts to improve knowledge of the ecological, biological,
and physical processes of tropical forest ecosystems. Additional research
should focus on understanding the physical effects of human interventions
in tropical forests and on creating sustainable management systems of
tropical forests.
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Funding for the preservation of ecologically diverse forest ecosystems
and for reforestation must increase significantly during the 1990s. Because
preservation of forests has worldwide benefits, the world community should
contribute to the direct and indirect costs of expanding preservation forests.
In order to achieve sustainable development objectives, the donor commu-
nity should also provide incentives by making forestry lending attractive.
More concessionary funding should be made available for reforestation, as
well as for investments in large conservation and environmental programs
that have significant regional and global benefits. In addition, such funding
could be made available for technical assistance, research, training, comple-
tion of inventories, development of information systems, and pilot projects.

In the immediate future the debate about the status of world forests will
continue and perhaps intensify. Throughout the 1990s, deforestation is likely
to continue apace, and population growth and poverty will continue to
place pressure on existing forest areas. As the rapid loss of natural forests
pushes the planet to the threshold of crisis, people will respond more readily -
to this serious problem. Better management of forest ecosystems will evolve
through incremental responses and adjustments, but the problem is serious
enough to warrant special attention. As indicated in the following chapters,
individual countries are taking steps to improve the use of forest resources
- for different purposes, but the world community can accelerate the transi-
tion to sustainable development through collective action.
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WORLD FOREST RESOURCES

Types and Distribution of Forests

orests account for 3.6 billion hectares—about 28 percent—of the world’s

land area (see table 1, statistical appendix to this volume). Of this total
forest area, about 2.9 billion hectares are closed forests (land covered mostly
by trees, with stand density greater than 20 percent), and 700 million hect-
ares are open forests (mixed forest-grassland systems, with trees covering at
least 10 percent of the ground). In addition, there are 1.7 billion hectares of
other wooded land, including forest fallow and shrubland. Thus the total
area of “woody vegetation” is 5.3 billion hectares—40 percent of the world’s
land area (FAO 1988)."

The world’s original forest area, estimated at about 6 billion hectares,
has been declining steadily. About one-third of the forests have been lost
during the past few hundred years. Although forests have more or less
stabilized in the developed countries, deforestation in the tropics has in-
creased. Exhibit 2-1 shows the relative rate of decline of forests in develop-
ing countries.

Types of Forests

Forests are influenced by climate, landform, and soil composition. As
indicated on color plate 1, the major natural forest ecozones show regional
variation on a global scale.

' The woody biomass growing stock of the forests totals approximately 340 billion
m?; a further 33 billion m? of woody biomass grows outside the forests, for a world
total growing stock of 373 billion m* (World Bank estimates).

17
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EXHIBIT 2-1. Forest Area in Developing Countries
Change in Area Since 1850
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Tropical forests. Tropical forests, three-quarters of which are broad-leaved
species,” consist of moist and dry forests. Together with woodlands, tropical
forests account for about 3.1 billion hectares. The moist variety (1.5 billion
hectares) can be further divided into rain and deciduous forests. The tropical
rain forests, accounting for two-thirds of the tropical moist forests, are rich
in biodiversity and contain valuable tropical hardwood. Examples are the
lowland evergreen forests of the Amazonian and Zairian river basins. The
tropical deciduous forests, which lie along the fringes of the rain forests, are
less complex and have more distinct wet and dry periods. Some examples
of tropical deciduous forests include the monsoon forests of South Asia, the
teak forests of Southeast Asia, and the montane forests of Central America.
According to management criteria, tropical moist forests can be classified as

? Broad-leaved species are also known as hardwood, nonconiferous, or angio-
sperm species.
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Color Plate 1.

Boreal forest

- Temperate mixed forest
- Temperate evergreen forest

World Forest Zones

- Tropical rain forest

m Tropical deciduous forest

[:‘ Tropical dry forest
[:[ None or limited forest

Forest Distribution by Region

(millions of hectares)

Forest and Other

Forest and Other
Wooded Land as
a Percentage of

Region Forest Land” Other Wooded Lundb Wooded Land Total Land
Africa 706 633 1,339 45
Asia and the 568 264 832 2
Pacific Region

Latin America 938 353 1,291 63
North America 459 275 734 40
Europe 137 41 178 38
U.S.S.R. (Former) 791 138 929 42
World 3,599 1,704 5,303 40

o Includes closed and open forests (see glossary for definitions).

b For developing countries, other wooded land includes forest fallow and shrubland; for developed countries, it includes open

woodland and shrubland.

Source: FAO 1988, ECE 1985, and WRI 1990

JUNE 1992
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primary forests (900 million hectares), secondary forests (300 million hectares),
and forest fallow (300 million hectares). The tropical deciduous forests (1.6
billion hectares), most of which are in Africa, range from tall deciduous
stands to more open grassland and shrubs. Most of the tropical deciduous
forests have been altered by human activities such as fire, animal husbandry,
and agriculture (Bourliere 1983).

Temperate forests. Temperate forests, including woodlands, now cover
about 2.2 billion hectares, almost three-quarters of which are classified as
closed forests. These forests account for 85 percent of the world’s coniferous
forests and the bulk of the world’s industrial wood production. There are
two main groups of temperate forests: boreal and mixed. The boreal forests,
which stretch across Canada, northern Europe, and the former USSR.,
include large areas of almost pure single-stand species. The smaller group
of mixed forests are the temperate broad-leaved or evergreen forests located
near or in subtropical climates (Ovington 1983).

Plantation forests. Plantation forests are cultivated primarily for industrial
use, although in recent years they have been established for nonindustrial
purposes, such as conservation, household energy needs, and agroforestry.
Plantations, which usually grow faster than natural forests, are often
established to produce desired species. A plantation forest is usually
composed of a single species, mainly exotic, which has been tested for its
wood quality, growth rate, stem form, disease resistance, and manageability.
There are now about 100 million hectares of temperate plantations and
35 million hectares of tropical and subtropical plantations (Kanowski et al.
1990). Together they account for less than 3 percent of the total forest area
(see table 3, statistical appendix). Plantations provide important industrial
wood in Chile, Kenya, South Africa, China, Britain, Ireland, and Spain. But
plantations for industrial purposes are less successful in lowland tropical
countries; high-altitude grasslands, however, are particularly suited to certain
species.

Distribution of Forests’

Exhibits 2-2, 2-3, and 2-4 illustrate the distribution of forests and wood-
lands according to type of forest and geographical location.* North America
and the former U.S.S.R. account for most of the world’s coniferous forests,

3 Forest data are compiled by the use of remote sensing techniques and comple-
mented by on-ground surveys. FAO is responsible for global assessment of forest
resources. The current data are based on surveys done in 1980 and updated in 1985;
new estimates are expected in 1992,

* Temperate and tropical forests are classified differently. The temperate regions
divide forest area into closed forests and other wooded land. The tropical regions
classify forests into closed forests, open forests, forest fallow, and shrubland.
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EXHIBIT 2-2. World Forest Distribution, by Type

Temperate Forest (29.1%)
Tropical Forest (40.0%)

' Tropical Woodlands (20.0%)
Temperate Woodlands (10.9%)

source: FAO 1988.

EXHIBIT 2-3. Forest Distribution, by Region

U.S.S.R. (22.0%) Africa (19.6%)

Europe (3.8%) Asia & the

Pacific (15.8%)

North America (12.8%)

Latin America (26.1%)

source: FAQO 1988.



WORLD FORESTS IN PERSPECTIVE 21

EXHIBIT 2-4. Forest and Woodlands Distribution, by Region

U.S.S.R. (17.5%)

Africa (25.2%)
Europe (3.4%)

North America
(13.8%)

Asia & the
Pacific (15.7%)

Latin America (24.3%)
source: FAO 1988.

and Canada, Brazil, and the former U.S.5.R. account for nearly one-half of
the world’s closed-forest area. The former U.S.S.R., with 930 million hect-
ares (42 percent of land area), is the world’s most forested country; Brazil,
with 680 million hectares, is second.

Africa has about 700 million hectares of forests (24 percent of its land
area); most of this area consists of savanna, open forests, or shrubland.
Forests in Latin America cover about 940 million hectares. Forests in Central
America are largely depleted because of population pressures and agricul-
tural expansion, but the Amazonian forests remain the single largest area of
primary tropical forest. Asia and the Pacific region have about 550 million
hectares of forests. Asia has the largest area of bamboo forests; China’s
extensive temperate forests include the largest coniferous forest of any re-
gion in the developing world. Tropical Asia has 350 million hectares in
forests and about one-fourth of the world’s tropical moist forests. The tropi-
cal forests of Asia are the world’s most important source of industrial hard-
woods.

Europe’s forests (about 140 million hectares) cover 35 percent of its total
land area. The Nordic countries (Finland, Iceland, Norway, and Sweden)
have the highest proportion of land covered with forests (50 percent), fol-
lowed by Eastern Europe (28 percent) and Western Europe (23 percent).
North America’s forests total 460 million hectares, of which Canada has
slightly more than 250 million hectares. North America is the largest pro-
ducer of wood products, and more plantations are being established as the
old-growth forests in this region are drawn down.
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Utilization of Forests in Developed and Developing Countries

Although forests occur in all major geographic regions, their use varies
widely. Forests and other wooded areas in developed countries amount to
2 billion hectares—about 40 percent of their total land area. The developed
countries have more than 90 percent of the world’s temperate forests, and
more than 80 percent of their wood extraction is for industrial timber. After
experiencing rapid deforestation, developed countries have stabilized and
in some cases increased their forest areas. These countries have encouraged
multiple-use management of forests, including private investment that has
resulted in substantial reforestation since World War II. At present the main
concerns in forest management in the industrial countries are acid deposi-
tion (also known as acid rain), potential climate change, competing land-use
activities, the trade-offs between economic and environmental demands,
and the need for more efficient management of forests by public and private
owners.

Developing countries, by contrast, account for 2.1 billion hectares of the
world’s forests and 1.2 billion hectares of other woodland. In these coun-
tries, the rate of natural regeneration and forestation in the tropics has lagged
behind the rate of deforestation. In years past, colonization increased de-
mand for primary commodities, including tropical hardwood; more recently,
rapid population growth, agricultural expansion, and accelerated economic
development have increased the pace of deforestation. The main concern in
the developing countries is to slow down uncontrolled deforestation and to
expand tree planting, especially in deficit areas.

ROLE OF FORESTS IN NATURAL SYSTEMS

Forests and trees are important environmental resources. They provide
valuable environmental services and help maintain local, regional, and glo-
bal natural systems.

Environmental Services and Ecosystem Protection

Forests and trees protect watersheds. They retard soil loss and erosion,
especially in areas of high rainfall, and retain moisture in the soil, ensuring
a gradual supply of water to streams and rivers. Forests also improve air
quality and help to maintain regional climates, especially patterns of rain-
fall. Furthermore, forests maintain the dynamic conditions necessary for
their own continued existence and support other ecosystems within the
natural system. Trees outside forest areas also provide environmental ser-
vices. For instance, a shelterbelt of trees across farmlands protects the soil
against the drying effect of winds.
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The diverse species within a forest play an important role within the
ecosystem. No single species can create its own food from inorganic mate-
rials or completely decompose all its own wastes. Nor can any species main-
tain all the necessary characteristics of its habitat for its own persistence
(Slobodkin et al. 1980). The maintenance of forest ecosystems requires that
chemical elements necessary for life be recycled and made available to indi-
viduals and populations, and that usable energy be continually available.
Species exist in an intricate web of interdependence. Many trees, for in-
stance, depend on a number of species of fungi to derive nutrients from the
soil. Free-living soil bacteria fix nitrogen from the air, making it available to
trees. Small animals in the soil, such as earthworms and termites, modify
the physical characteristics of the soil, improving tree growth. Trees depend
on birds, bats, bees, and other insects for pollination of flowers, and on
many kinds of vertebrates for the distribution of seeds. The higher the
biodiversity, the greater the ecosystem complexities.

Forests play a vital role in the global carbon cycle. Forests and their
soils contain about three times as much carbon as is currently held in the
atmosphere. Trees absorb carbon dioxide from the atmosphere through
photosynthesis and emit oxygen. Whereas deforestation and subsequent
decomposition of forest organic matter add carbon dioxide to the atmo-
sphere, reforestation absorbs carbon dioxide from the atmosphere.

Forests and Biodiversity

A large proportion of the earth’s biodiversity (species, genetic, and eco-
system), which may have significant environmental and economic value, is
found in forests. Tropical moist forests account for probably more than half
of the earth’s plant and animal species.

Quality of Life

Living areas that have valuable natural amenities, such as forests, offer
an environmental dividend that can significantly contribute to both eco-
nomic development and quality of life. Any increase in market goods pro-
duced by diminishing a forest must be weighed against the potential loss of
natural amenities.

ROLE OF FORESTS IN ECONOMIC DEVELOPMENT

Humans have depended on forests and trees for their economic liveli-
hood and quality of life for many centuries, and this dependence remains
equally applicable today. Forests provide food, fuel, fiber, timber, and other
nonwood products. Forests also provide many goods that are used by for-
est-dwellers and local communities and never sold in markets. Trees and
forest lands have aesthetic value and offer recreational opportunities for
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both rural and urban dwellers. Forests are also a source of new land when
agricultural and urban expansion is necessary.

Wood Products

Perhaps the best-known single product of forests is industrial round-
wood, from which come sawnwood, panels, pulp, and paper. About
80 percent of the industrial roundwood is produced and consumed in the
developed countries. The forest sector’s gross contribution to economic
products in developing countries is $100 billion (1989 US$); fuelwood and
roundwood used in the rough account for almost half, with the remainder
representing the output of industrial forest products. On average, the forest-
products industry contributes about 2.7 percent to the gross domestic
product (GDP) of developing countries (FAO 1990c). But the wood indus-
try in Malaysia accounts for 5 percent of GDP, and value added in the
forestry sector as a percentage of GDP exceeded 5 percent in Liberia and the
Ivory Coast and 4 percent in Cameroon and Tanzania (see table 8, statistical
appendix).

The forest-products industry also contributes significantly to employ-
ment. In the United States, 765,000 persons are directly employed in the
wood industry, and another 693,000 are employed in paper and allied prod-
ucts. In Malaysia, 151,000 people are employed in the wood-products indus-
try. In Gabon, Cameroon, and Nigeria, the forestry sector also employs
significant numbers of people. These jobs, in turn, stimulate local economies
and generate additional secondary employment.

The forest-products industry also contributes to government revenue,
which traditionally amounts to only a fraction of timber’s potential rent but
remains sizable. The forest sectors of Indonesia, Malaysia (Sabah), and the
Philippines made annual payments to their domestic governments of $400
million, $425 million, and $50 million per year, respectively. In Sabah, forest
income accounted for 70 percent of total government revenue. In addition,
trade in forest products provides hard currency for exporting nations, in-
cluding developing countries.

Nonwood Forest Products

Although individual nonwood forest products are less economically
significant than timber, as a group they can sometimes contribute more to
domestic and international economies on a per hectare basis than timber.
Most such products are consumed locally, but international markets for
some (such as rattan, latex, palm oil, cocoa, vanilla, nuts, spices, gum, and
ornamental plants) already exist, and new markets for fruits and medicine
are developing. Indonesia, Malaysia, Thailand, Sudan, Brazil, and Guate-
mala already have significant exports in nonwood forest products.

Forests contribute an enormous amount of recreational services to coun-
tries. For example, recreation is probably the single most important com-
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modity supplied on U.S. public land. Recreation, through hiking, hunting,
and fishing, is clearly highly valued throughout Europe and other devel-
oped nations. Although the subject is less studied, tropical forests also appear
to generate significant amounts of recreation. With the growing interna-
tional interest in ecotourism, countries with intact natural forests may be
able to generate a new source of foreign currency.

Forests and scattered trees provide a critical supply of energy for rural
people in many parts of the world. An estimated 3 billion people rely on
fuelwood for energy. Across all developing nations, fuelwood supplies nearly
20 percent of all energy needs. Most roundwood production in developing
countries is for fuelwood.

Forests and trees contribute to agriculture, and forest lands provide
important inputs for grazing. Trees offer critical soil erosion protection on
hillsides and near streams stabilizing large land areas. As mentioned earlier,
trees as shelterbelts protect lands from desertification, thus allowing contin-
ued farming. The tree canopy provides needed shade for agroforestry crops,
and some trees fix nitrogen to fertilize soils and enhance crop productivity.
Finally, trees grown in orchards and plantations provide an important food
supply for all nations.

Lands for Conversion

Forest areas are also important to developing countries as a source of
new lands for conversion to agricultural or other uses. Countries with rapid
population growth and limited food supplies can convert nonacidic forest
lands into farms. Through some conversion, properly utilized forest lands
can serve to increase food and energy supplies for rapidly growing popula-
tions in developing countries.

Although tropical forests and woodlands are rapidly being converted
to alternative land uses now, less than one-fifth of tropical forests have
been converted to date. In contrast, over the centuries one-third of the
world’s temperate forests have been converted to alternative uses. If current
rates of conversion continue, however, large areas of tropical forests also
will disappear.

By balancing forest needs carefully with conservation and development,
countries can determine their ideal rate and direction of conversion. Fur-
thermore, by emphasizing sustainable activities that do not undermine the
resource base, countries can ensure that conversion leads to sustained eco-
nomic development rather than a mining of resources.

WORLD TRADE IN FOREST PRODUCTS

During the three years from 1986 through 1988, total annual exports of
logs and wood products in the world market were estimated at $68 billion,
of which the developing countries’ share amounted to $10 billion. In this
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same period, total exports, primarily industrial wood, in roundwood equiva-
lent amounted to 630 million m*® (see exhibit 2-5). During this period, the
developing countries also spent more than $13 billion annually on imports.
Developed countries dominate world trade in wood products, accounting
for more than 80 percent of total industrial wood exports during this period
(see table 9, statistical appendix).

Tropical hardwood products from natural forests, which represent nearly
70 percent of industrial wood exports from all developing countries, ac-
count for just over 10 percent of world timber trade. Indonesia, Malaysia,
and Brazil are the principal exporters of tropical hardwood products; their
exports were valued at US$2.8 billion, US$2.6 billion, and US$0.2 billion,
respectively, in 1988. Malaysia exports about 85 percent of its total indus-
trial wood production. Indonesia, the world’s largest exporter of plywood
derived from tropical hardwood, exports about 50 percent of its industrial
wood production. Brazil exports about 10 percent of its industrial wood
production, most of it in pulp and paper products.

International markets for nonwood products are still expanding and are
a potential source of foreign exchange for developing countries. Sudan al-
ready earns about US$60 million annually from exports of gum, and Mada-
gascar earns the same amount from exports of vanilla. In 1986 Indonesia
earned US$134 million from exports of rattan, resin, essential oils, kapok,
and chinchona bark (quinine).

EXHIBIT 2-5. Production, Export, Import, and Consumption of Wood
Products for Developing Countries and the World, 1986-1988"
(Units: million m® roundwood equivalent)

Fuelwood and Poles Industrial Wood

Pro- Net Con- Pro- Net Con-

duc- Im- Ex- Ex- sump- duc- Im- Ex- Ex- sump-
Region tion ports ports ports tion tion ports ports ports tion”
Africa 630 0 0 0 630 53 T2 95 23 50.7
Latin America 430 0 0 0 430 127 15.5 198 43 1227
Asia 1,290 1 1 0 1,290 256 759 759 00 256.0
Developing 2350 1 1 0 2,350 436 98.6 1052 6.6 4294
Developed 30 3 3 0 300 1264 5314 5248 -6.6 1270.6
World 2,650 4 4 0 2,650 1,700 6300 6300 0.0 1,700.0

source: FAO (1990c), FAO adjusted, which gave figures for imports and exports of sawlogs, veneer logs,
pulpwood, other industrial wood, sawnwood, panel products, woodpulp, and paper. All these products
were converted to roundwood equivalent using standard conversion factors. Some adjustments were
made to make imports and exports equal for the three-year period 1986-88.

*A three-year average, 1986-88.
b Consumption is assumed to equal production minus net exports.
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Export Prices of Forest Products

The average unit export price of wood products appears to be about 20
percent less in developing countries than in developed countries, as exhibit
2-6 shows:

EXHIBIT 2-6. Average Unit Export Price of Selected Forest Products for
Developing and Developed Countries, 1986-1988
(in U.S. dollars)

Sawlogs Sawnwood
Non- Non-
Coniferous  coniferous Coniferous  coniferous Pulpwood
Region m? (roundwood) m? (sawnwood) m? (roundwood)
Developing 457 79.3 150.6 205.3 28.3
Developed 75.0 117.3 125.0 279.0 37.0
World 74.0 84.7 1255 231.3 36.3
Difference® 64% 48% -17% 36% 31%
Printing/  Other Paper
Writing and Paper
Plywood ~ Woodpulp  Newsprint Paper Board
Region m?(solid)  tons tons tons tons
Developing 314.0 4727 470.7 734.3 598.7
Developed 461.0 494.0 526.3 844.7 705.7
World 3517 492.3 525.3 838.3 697.6
Difference® 32% 5% 12% 15% 18%

source: FAO (1990¢).

? Developing average minus developed average divided by developing average.

This difference could be attributed to a number of factors, including
quantity, quality, shipping costs, marketing expertise, and underinvoicing.

Prices of tropical hardwoods both round and sawn have been increas-
ing in real terms at a rate of 1 percent to 2 percent per year over the past
three decades (FAO 1983, 1990c; World Bank 1991). This increase could
reflect the increasing costs of extraction, more intensive use of the product
(e.g., as veneer rather than sawnwood), or the use in high-quality products
such as furniture as opposed to joinery. However, the prices of all kinds of
round and sawnwood appear to have at least kept pace with inflation, so
tropical hardwoods are not unique (Bethel 1983; Johnston, Grayson, and
Bradley 1967; USDA 1990b).

Several tropical countries have export taxes or premiums on round-
wood and sawnwood, and some ban log exports—and even rough
sawnwood—to encourage the manufacture of finished and semifinished wood
products for export. However, these measures will affect the forest indusMany
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tries of some developing countries relying on log and sawnwood im-
ports, including Thailand and Taiwan.

TARIFFS AND DUTIES ON FOREST PRODUCTS

Developed countries, especially the three largest trading areas of North
America, the European Community, and Japan, impose very small duties—
or none—on imported forest products (Japan Tariff Association 1990; USDA
1990a). For example, there is no duty on roundwood, pulpwood chips, and
woodpulp; tariffs on wood manufactures average 3.5 percent; and tariffs on
paper products range from zero to 9 percent (World Bank 1987). In contrast,
average tariffs in developing countries range from 2 percent to 27.6 percent
(see exhibit 2-7).

EXHIBIT 2-7. Average Tariffs for Selected Wood Products of Developed
and Developing Countries, 1982

Average Tariff (-‘i-b)
Developed Developing
Countries Countries
Roundwood (including pulpwood chips
and wood pulp) 0.0 8.0
Sawnwood 0.2 13.1
Veneer and plywood 17 23.5
Wood manufactures (including paper) 3.5 27.6

soUurce: World Bank (1987).

developing countries have a comparative advantage in growing trees and
the manufacture of certain wood products. Chile has used plantation-grown
softwoods to build up a large forest-products export industry, and Indone-
sia has become the world's largest exporter of plywood using indigenous
tropical hardwoods as the raw material. Therefore, tariff reductions in de-
veloping countries, especially in wood raw material and in products such as
sawnwood and plywood, should promote trade and investment in the in-
dustry. As mentioned previously, however, there are many nontariff barri-
ers, such as restrictions on log exports and roughly sawn timber. Also,
importing countries may impose barriers that discriminate against certain
species, quality of wood products, origin, and the like. These barriers should
be examined with a view to promoting freer trade.

FUTURE DEMAND FOR WOOD PRODUCTS

As mentioned earlier, the current demand for wood products, including
underrecorded items such as fuelwood, poles, and hand-sawn timber—about
4.4 billion m*>—may reach 6.6 billion m® by the year 2025 (see exhibit 2-8).
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This forecast was made using the IIASA model (Dykstra and Kallio 1987)
for industrial wood (adjusted for unrecorded industrial wood products) and
World Bank estimates for fuelwood and poles. The IIASA model has been
criticized as being too high; a model by Resources for the Future analysts
forecasts lower figures (Sedjo and Lyon, in press). (This subject is discussed
more fully in chapter 16 of this volume.) However, lowering the forecast
demand for industrial wood will not greatly affect the overall forecasts,
because industrial wood accounts for less than half of the current and esti-
mated future consumption. In addition, the forecasting base is somewhat
uncertain because of the consumption of unrecorded wood products.

Although the world’s population will increase by about 70 percent by
2025, demand for wood products will increase only 50 percent as a result of
the improvement in end-use efficiency, substitution, and the like. In abso-
lute terms, demand for fuelwood and building poles will increase most, but
in percentage terms, demand for industrial wood products will increase
most. However, the large population gains in developing countries will put
a considerable strain on tropical forest land and the demand for forest prod-
ucts. If forest land clearing goes on unabated, an additional 170 million to
200 million hectare will have been cleared by the year 2000; by the year 2025
this figure will rise to 600 or 700 million hectares, reducing the forest area
in the tropics by about 30 percent. Clearly, unless something is done to
curtail land clearing, improve management of existing tree stock, encourage
tree planting, and improve end-use efficiency of fuelwood, demand will not
be met from the sustainable supply.

EXHIBIT 2-8. Current and Forecast Demand for Wood Products in
Developing and Developed Countries, 1987, 2000, and 2025
(Units: million m* roundwood)

19872 2000 o 2025

Fuel- Fuel- Fuel-

wood, wood, wood,

House- House- House-

building building, building,

and Indus- and Indus- and Indus-

Fencing trial Fencing trial Fencing trial

Poles Wood Total Poles wood Total Poles Wood Total
Developing 2,350 429 2,779 2,800 530 3,330 3,660 780 4,440
Developed 300 1271 1,671 320 1,480 1,800 340 1,820 2,160
World 2,650 1,700 4,350 3,120 2,010 5,130 4,000 3,100 6,600
Population (World) million 5,027 6,193 8,491

source: Dykstraand Kallio (1987) for industrial wood; World Bank estimates for fuelwood and poles. See
the statistical appendix for the official 1988 consumption from the FAO Forest Products Yearbook.

Average for 1986-88.



30 MANAGING THE WORLD'S FORESTS

SUMMARY

Covering nearly 30 percent of the earth’s total land area, forests play
vital roles in natural systems, as well as in economic development. The
growing stock of the world's trees, about 373 billion m® roundwood equiva-
lent, produces some 11 billion m® of wood annually. The current demand
for wood is about 4.4 billion m*® per annum. Despite the overall surplus,
many developing countries experience local shortages of wood. Fuelwood
and building poles account for 60 percent of consumption worldwide, but
in developing countries these products amount to 85 percent of total wood
production.

Most of the wood produced in developing countries is for domestic use.
The unit price of wood and wood products averages about 20 percent less
in developing countries than in developed countries. At present, there is
significant potential for increasing trade among developing countries, but
the tariffs imposed on wood products are a barrier to trade. To encourage
trade, tariff barriers should be eliminated.

By the year 2025, demand for wood products may increase by 50 per-
cent, to 6.6 billion m?. This demand could be met from sustainable man-
agement of some natural forests for wood production and increased tree
planting. If these measures are not taken, there could be a shortfall of wood,
particularly in developing countries, and this shortfall could speed the deg-
radation of the environment as the remaining forest resources are depleted.
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Deforestation:
Problems, Causes, and Concerns

Raymond Rowe, Narendra Sharma, and John Browder

DIMENSIONS OF THE DEFORESTATION PROBLEM

etween 1850 and 1980 about 15 percent of the earth’s forests and wood-

lands disappeared as a result of human activities. The forests and wood-
lands of North Africa and the Middle East, for example, declined by 60
percent; those of South Asia, by 43 percent; of tropical Africa, by 20 percent;
and of Latin America, by 19 percent (Houghton et al. in WRI, 1987). Loss of
forests continues to be a problem in these regions.

Depletion of forests is most significant in the tropics, where about
2.5 billion people depend on natural forest resources for many economic
and environmental goods and services. Social, economic, and political fac-
tors have created incentives for rapid exploitation of forests and intensified
pressure on remaining tropical forests and arid woodlands. Between 1980
and 1985 the estimated annual rate of tropical deforestation was 0.6 percent,
or 11.4 million hectares (FAO 1988). Recent studies estimate deforestation in
the tropics at a rate of 17 to 20 million hectares annually (see color plate 2).

Deforestation is a widely used term, but one with different meanings in
different contexts. Disturbance deforestation refers to all man-made distur-
bances that seriously alter a forest; conversion deforestation refers to man-
made disturbances that subsequently convert forest lands to alternative uses.
Many man-made disturbances, however, permit land to remain in forest
use. For example, both sustainable timber production of primary (intact)
and secondary forests (still covered by indigenous trees or shrubs) and plan-
tations replenish forests after harvest. Also in this category are clearings of
secondary forests devoted to sustainable, shifting cultivation (also known as
slash and burn) when the secondary forest is part of each rotation. These
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disturbances clearly affect forests, but they do not reduce the aggregate
amount of land devoted to forest cover.

Wasteful (or destructive) deforestation depletes forests that provide a
highly valued flow of goods and services and replaces them with alterna-
tive uses that yield lower-value goods and services. It is often assumed that
all deforestation must be wasteful, but this generalization is too broad. Some
forest lands can be converted to high-value urban development and agricul-
ture that far outweigh the lost forest services. Some primary forests can be
altered to managed secondary forests or agroforestry uses that yield higher
returns. Society clearly benefits from these changes. Nonetheless, wasteful
deforestation is widespread, as indicated by the absence of appropriate in-
centives to manage lands in the long run; the intrusion of subsidies that
favor nonforest activities; and the failure of markets to take into account
forest services such as watershed protection, climate control, and biodiversity.
Wasteful deforestation reduces a region’s welfare and a country’s long-term
economy, but prohibition of all changes—even beneficial ones—on forest
lands may also contribute to loss of social and economic benefits.

DIRECT CAUSES

The principal direct causes of uncontrolled deforestation in the tropics
are agricultural expansion, overgrazing, fuelwood gathering, commercial
logging, and infrastructure and industrial development.

Agricultural Expansion

Subsistence farmers in developing countries account for more than 60
percent of the loss of tropical forests annually, but regional variations are
substantial. The expansion of smallholder agriculture in Latin America ac-
counts for as much as 35 percent of tropical deforestation in the region;
cattle ranching is responsible for most of the remaining 65 percent. Live-
stock expansion in Latin America and Africa is directly responsible for much
woodland degradation. In Brazil, for example, cattle ranching in the Ama-
zon, much of it subsidized, accounted for about 70 percent of the natural
forest area converted there (more than 12 million hectares) by 1980 (Browder
1988 and Mahar 1989). In many parts of Central America, where only frag-
ments of original natural forests remain, agricultural encroachment is the
leading cause of new forest conversion. In some Southeast Asian countries
shifting cultivation accounts for up to 50 percent of natural forest conver-
sion. More than 60 percent of the annual deforestation in Indonesia is attrib-
uted to shifting cultivation on logged-over areas. Shifting cultivation is the
leading cause of deforestation in both tropical West Africa and semiarid
Africa, accounting for 70 percent of the woodland area converted (FAO
1982). In addition, fires, often set by shifting cultivators and other forest
dwellers, are a major cause of forest degradation and impede regeneration
of woody plants.
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Overgrazing

Overgrazing of both natural rangeland and planted pastureland in arid
and semiarid regions is another important cause of tropical woodland deg-
radation. Along with fuelwood gathering, overgrazing is the main form of
deforestation in North Africa, the Middle East, South Asia, and the Sahel
area of Africa. World statistics continue to show an increase in the number
of grazing animals, and although the animal population has been declining
in North Africa and the Middle East, many people in these regions depend
on livestock as their main source of food and income.

Initiatives to privatize and enclose traditionally regulated communal
rangeland also have led to resource degradation. Moreover, livestock man-
agement efforts based on rangeland fencing often conflict with wildlife
management by preventing seasonal migration of wild-range animals. In
upsetting the ecological balance, such enclosures compel both domesticated
and wild species to overgraze their respective fodder bases, thereby contrib-
uting to further land degradation. In the tropics, many cattle owners over-
stock woodlands that have been converted to pasture in order to maximize
short-term income. Overgrazing accelerates pasture degradation and dimin-
ishes the capacity of the forest to restore itself once artificial pastures revert
to fallow.

Fuelwood Gathering

Nearly 3 billion people worldwide depend on wood, primarily from
natural forests and trees outside forest areas, as their main or only source of
household energy. In developing countries, urban households, especially
poor families, often spend 20 to 30 percent of their income to buy fuelwood.

Fuelwood gathering contributes to land degradation, especially in agri-
cultural regions with limited wooded areas. Fuelwood problems particu-
larly affect the Sahel, eastern Africa, and Himalayan range, the Andean
plateau, and densely populated Central America and the Caribbean, where
population pressure and inefficient fuelwood use, often combined with other
forces, have prompted chronic supply shortages. This trend increases pres-
sure on remaining forest resources.

Commercial Logging

Annually, 4 to 5 million hectares of commercially productive closed
forests are logged (FAO 1982). There is some regional variation in the rela-
tive contribution of commercial logging to loss of tropical closed forests. In
Africa about 20 percent of productive tropical forests were logged over by
1985, whereas in Asia and Latin America the figures were about 19 percent
and 9 percent, respectively. Latin America’s tropical forests are the least
affected by commercial logging, but log production is growing rapidly as
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Asian and African forests are depleted of accessible commercial timbers.
The forest damage directly caused by logging varies inversely with the
degree of selectivity. More important are the indirect effects of logging on
opening forest areas to subsistence farmers and the landless. A high propor-
tion of the productive closed-forest area subjected to logging later becomes
cropland. The direct damage of logging on residual stands is less in Latin
America than in Asia, but the higher selectivity of logging in Asia means
that larger forest areas are opened to shifted cultivators.

Infrastructure and Industrial Development

Investments in road building, hydroelectric projects, and mineral
extraction, necessary to meet development objectives, often entail envi-
ronmental trade-offs. Infrastructure projects that occur without adequate
environmental impact assessment cause forest conversion, attract unemployed
workers, and provide landless farmers open access to forests. No precise
estimates of the direct impact of infrastructure development on tropical
forest conversion in the aggregate are available.

Industrialization also can contribute to deforestation. Industrial air pol-
lution has damaged or destroyed considerable areas of forests in central and
Eastern Europe, as well as in eastern Canada.

UNDERLYING CAUSES

The direct causes of uncontrolled deforestation just described are driven
by market and policy failures, population growth and rural poverty, and
the state of the economy.' Tenurial traditions and tax policies often provide
incentives for inefficient and inappropriate forest land use. Many of these
underlying causes are related, and because they are so often embedded in
divergent social and economic contexts, their relative importance varies
substantially among countries. Solutions to deforestation based on signifi-
cant policy reforms are more likely to succeed if measures are also taken to
control population growth and to alleviate rural poverty.

Market and Policy Failures

Market and public policies are important determinants of how forests
are used and managed. The unsustainable rates of deforestation of the world’s
forests are to a large extent linked to inherent market failures in the free-

! According to another sti‘ong]y held view, public policies promoting agricultural
expansion and commercialization play a larger role in deforestation than population
growth and poverty.
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market approach to forest use and management and to policy failures. The
inherent market failures include the following:

* The existence of externality costs associated with forest use, that is,
the divergence between the private and social costs of nonforest land
uses and commercial timber harvesting;

* The problems of valuing joint products and nonmarket environmen-
tal services;

* The conflict between the time horizon of people now living and the
needs of future generations, which creates a bias in favor of exploit-
ing forests now versus conserving for the future; and

* Undefined property rights (open access to forests allows squatters
and settlement).

Inherent market failure has usually been compounded by government
policy distortions. Rather than correcting the failure of the market, govern-
ment intervention has often aggravated the existing incentives for excessive
forest exploitation. More than 80 percent of tropical forest lands are publicly
owned, and their uses are subject to diverse, multisectoral, and often con-
flicting policy objectives. By distorting the true costs or prices of the forest
resources, public policies often provide an incentive for short-term exploita-
tion of forests. Public policies have frequently failed to provide adequate
incentives for sustainable management of forests or to promote reforesta-
tion. Inadequate land policy allows forests to be treated as an “open access”
resource, often resulting in degradation of land and loss of forest.

Logging concession policies have frequently resulted in inefficient use
of forests as renewable resources. Concession periods, usually less than 20
years, are significantly shorter than natural regeneration periods of a timber
stand (averaging 20 to 50 years). Also, rents through royalties, license fees,
and reforestation taxes are typically much less than the real cost of replac-
ing the timber stock and restoring logged-over areas. In addition, the gov-
ernments of most timber-exporting nations have been unable to collect more
than 50 percent of actual rent from log harvests through taxes and royalties.
Aside from contributing to economic and environmental losses, timber con-
cessions can promote corruption and result in progressive decapitalization
of the country’s natural resource base.

Policies that increase taxes on log exports to protect fledgling domestic
industrial wood processors often lead to production inefficiencies, low log
recovery rates, and wasteful harvesting. In Indonesia, for example, plywood
mills could have operating costs 2.5 times higher than their counterparts in
other Asian countries and still remain profitable under that country’s log-
export tax policy. Because of these production inefficiencies, Indonesian
mills have required 15 percent more log feedstock per cubic meter of ply-
wood output than mills elsewhere in the region (Gillis 1990).

Nonforest incentives (pricing policies, tax incentives, direct government
outlays, and other subsidies) encourage private investments in leading de-
velopment sectors such as agriculture, energy, mining, industry, and trans-
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portation. Incentives that directly and indirectly promote expansion of agri-
culture in tropical countries have had the greatest impact on forests. Such
policies—by regulating prices and providing tax shelters and subsidized
credits to livestock and agricultural producers—have expanded the agricul-
tural frontier, often at the expense of natural forests. This problem is height-
ened by the relative importance of agriculture in the gross domestic product
and total export earnings of most tropical countries. Conserving natural
forests at the expense of agricultural expansion entails short-term costs that
many developing countries perceive they can ill afford. But many incentive
policies that have led to desultory agricultural uses of forest lands would be
discredited on economic grounds if the environmental impacts were prop-
erly evaluated.

Correcting the distortionary effects of inefficient incentive policies
through proper regulations and land-use policies will improve forest use
and reforestation, but improving market and price policies raises some dif-
ficult questions. One is that the externality costs (such as replacement and
environmental costs resulting from harvesting) associated with forest use
are not borne by the domestic economy alone; some have regional and
global consequences. Sovereign governments can be expected to address
only domestic externalities in their pricing and taxation policies. Global
externalities could be addressed through cooperation among nations and
perhaps through income transfers from rich countries to poor ones. More-
over, forest land is used by individuals and groups under a variety of land
tenure arrangements; the users include indigenous tribal groups with long-
standing customary rights, illegal squatters, and freehold farmers with state-
granted leases or titles. Customary tenure systems also vary considerably
and can be much more complex than open-access systems. The rights that
people have over forest lands significantly influence how they will respond
to particular incentive policies.

Agricultural policies also have created incentives for deforestation. The
commercialization of agriculture has typically led to monocultural planta-
tions of export crops on fertile lowland areas; traditional farmers who once
occupied those areas have been displaced onto more fragile uplands or
tropical forests. The concentration of shifting cultivators on a smaller or
poorer resource base typically sets in motion a downward spiral of reduced
agricultural productivity, increased forest depletion, and worsened rural
poverty, as cropland fallow periods are shortened and soil fertility declines.
An estimated 60 percent of the world’s poorest people have been pushed
into ecologically fragile environments (tropical forests, drylands, and hilly
areas) as a result of agricultural expansion (Leonard 1989). Public policies
have significantly contributed to this process in several developing coun-
tries. For example, to mitigate social pressure arising from a growing land-
less rural population, Brazil initiated a frontier land settlement program in
the Amazon state of Rondonia (Browder 1988). By 1988 deforestation had
claimed an estimated 24 percent of the state’s natural forest cover, up from
only 0.3 percent in 1975 (Mahar 1989).
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Governments in developing countries often intervene in agricultural
markets to keep domestic food prices low, while providing incentives for
cash crop production through subsidized interest rate credits, tax holidays,
free provision of infrastructure, and land concessions. Such policies tend to
reduce agricultural incomes among small farmers and thus their funds to
invest in conservation measures. These policies also distort the factor prices
associated with commercial production on larger units. Regressive rural
property tax structures, which involve higher assessment for smaller prop-
erties, favor extensive land uses, such as cattle ranching. Agricultural re-
search and extension are largely oriented toward improving export crop
production on large farms rather than enhancing income on smaller mixed
farming systems. These interventions have tended to penalize smaller pro-
ducers, while providing incentives for additional land clearing by small and
large rural property owners alike.

To relieve population pressures in heavily congested areas or to expand
agricultural production, many developing countries (e.g., Indonesia, Nepal,
Brazil, the Philippines, and Mexico) have also promoted regional develop-
ment programs (such as colonization schemes and large-scale irrigation
projects) with primary emphasis on agriculture. Typically these programs,
which involve various fiscal and pricing incentives to attract private capital,
result in forest conversion and uncontrolled deforestation. In addition, pres-
sure to generate foreign exchange earnings has led to an emphasis on quick
return and unsustainable land-use practices.

Deforestation is also accelerated by inadequate tenurial policy. In many
countries, especially in Latin America, governments cannot control access to
the forest lands under public ownership. As a result, encroachment on for-
est lands is widespread, and traditional systems of allocating common prop-
erty resources have broken down. Tenants typically attempt to legitimate
their claims of private ownership to public land by demonstrating land
“improvements” (usually amounting to forest removal). Tenurial incentives,
often codified in legislation, not only encourage forest clearing to establish
private property ownership by colonists in forest areas but also oblige in-
digenous forest-dwellers, whose common property rights to the same land
are violated by these incentives, to establish land claims in the same man-
ner. In parts of Africa, in contrast, tree planting may establish a claim to
land ownership, and land disputes have traditionally been resolved in favor
of the party claiming ancestral ownership of the most mature trees on dis-
puted lands. This tenurial tradition may counter efforts to promote tree
planting where land ownership is in question, or encourage deforestation to
undermine legitimate land claims.

Population Growth and Rural Poverty

Rapid population growth often intensifies pressure to convert forest
areas to other uses, as well as to exploit forests for short-term benefits. In
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some countries with high population densities (e.g., Bangladesh, El Salva-
dor, Haiti, and Nepal), deforestation can definitively be linked to popula-
tion growth. Even in these countries, however, political and social issues
(e.g., skewed land distribution, agricultural policies, and poverty) influence
the magnitude of the effects of population growth on forest resources. Poor
families feel obliged to have many children to provide household help and
old-age support. The resultant rapid population growth increases reliance
on natural resources for household food and energy, thus perpetuating the
trend toward deforestation.

Poverty is one of the main underlying factors contributing to deforesta-
tion. The majority of the rural poor rely heavily on forests and woodlands
for income and subsistence. While many traditional rural communities have
developed comparatively sustainable forms of resource use, many others
are compelled, by circumstances often beyond their control, to exploit for-
ests sustainably for short-term gain. At present, it is estimated that poverty
affects about 1.1 billion people, 75 percent of whom live in rural areas (World
Bank 1990).

State of the Economy

Poor economic performance, combined with high external debts, pushes
countries to exploit forest resources quickly for short-term gains. External
debt among developing countries, which grew from about $570 billion in
1980 to $1.2 trillion in 1988, is another underlying factor driving tropical
forest conversion (World Bank 1990). Twelve countries that owe 45 percent
of total third-world external debt are responsible for more than 70 percent
of global annual deforestation. The debt burden provides an inducement to
liquidate forest capital for much-needed foreign exchange. Debt service re-
quirements also provide a justification for expanding export crop produc-
tion into forest areas. Several countries (e.g., Sudan, Liberia, Burundi,
Mauritius, and Myanmar [Burmal]) are heavily dependent on a few com-
modities for foreign exchange.

Therefore, pressure to generate foreign exchange earnings has led to an
emphasis on quick return and unsustainable land-use practices. As a result,
most developing countries have adopted policies that lead to forest conver-
sion to agriculture and short-term exploitation of forest capital.

CONCERNS

Economic Concerns

As experience indicates in many developing countries, extensive con-
version of forests and woodlands causes substantial economic losses at local
and national levels. Increased sediment deposits resulting from soil runoff
from clearings in higher-elevation areas may increase annual floods and
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reduce growing seasons in cultivated floodplains. Deforestation in upland
watersheds often causes flooding of lowland settlements, displaces pop-
ulations, and reduces food production (as in Thailand, Bangladesh, and
Madagascar).

Siltation of major river basins associated with watershed deforestation
impedes hydroelectric development and endangers commercial fisheries.
The conversion of forests to other land uses often involves wasteful destruc-
tion of valuable timber—an opportunity cost that many developing coun-
tries cannot afford.

The conversion of tropical forests in the Brazilian Amazon, for instance,
typically results in the destruction of more than $500 worth of salvageable
commercial timber per hectare as well as the loss of biodiversity (Browder
1989). When tropical timber is harvested for export, the revenue that gov-
ernments collect from logging companies is much lower than it should be.
In the Philippines, official government revenue from log harvests amounted
to only 16 percent of actual timber rents, representing a loss exceeding $850
million between 1979 and 1982 (Repetto and Gillis 1988). Substantial but
unquantified loss of nonwood forest products also occurs every year as a
result of deforestation. In developing countries, accelerating forest degrada-
tion threatens industrial and fuelwood production as well. The estimated
economic cost of tropical forest depletion ranges from 4 to 6 percent of the
gross national product (GNP) in major timber-exporting countries, suffi-
cient to offset the economic gains of forest exploitation (Miller, Reid, and
Barber 1991).

Social Concerns

Extensive deforestation in the tropics has serious social consequences,
especially for indigenous communities and the rural poor. Over the past
several decades, large areas of tropical forests have been brought under
government ownership, overriding traditional rights of forest control in many
countries. Indigenous communities (including tribal groups) throughout the
tropics have been displaced by shifting cultivators, ranchers, and commer-
cial loggers. Social concerns about the cultural survival of indigenous groups
in the tropics and concerns about the loss of traditional knowledge of forest
species and genetic resources that have important economic applications are
both altruistic and self-interested.

Population pressure, combined with agricultural expansion, has led to
reduced supplies of locally available fuelwood in many parts of the dry
tropics. Fuelwood depletion counters many positive benefits of rural devel-
opment, as women and children spend more time (daily throughout the
year) gathering firewood from more distant sources and less time in other
vital activities. Poor eating habits often result from fuelwood depletion.
Children spend less time in school, and animal dung and crop residues
used to fertilize crop fields are diverted to household energy use. Finally, in
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many tropical areas undergoing rapid agricultural settlement, extensive
deforestation has led to the spread of contagious diseases.

Environmental Concerns

Extensive deforestation is associated with a loss of biodiversity, climate
change, threats to the cultural survival of indigenous population, degrada-
tion of watersheds, and desertification in the dry tropics. Because the effects
of these environmental externalities are widespread and often far away from
the area undergoing deforestation, markets cannot be relied on to send sig-
nals to curb deforestation. Instead, some form of collective action, market
incentives, or regulations are generally required to reduce these environ-
mental problems.

Loss of Biodiversity

Although tropical moist forests cover only 9 percent of the earth’s land
surface, they represent the main repository of its biotic resources, contain-
ing about one-half of the 1.4 million named species in the entire world biota
(estimates of the total number of species range from 5 to 30 million). As
mentioned earlier, a single hectare of rain forest typically contains between
100 and 300 different tree species—nearly one-half of the number found in
all North America.

Between 40 and 60 percent of tropical species in some countries are
endemic to specific locations (Gentry, in Myers 1988). The destruction of
even small forest areas, therefore, can eliminate entire species. At present,
an estimated 10,000 species are extinguished each year because of tropical
deforestation (Wilson 1988). Many of the threatened species have economic
value as important sources of food, medicine, genetic material for crop hy-
bridization, and other marketable products.

Concern about the loss of biodiversity arises from economic, social, and
ethical values that society associates with biological resources. Although
people disagree about the degree of reduction and the value of biodiversity,
a consensus exists that maintaining biodiversity requires protection of habi-
tats and that, in light of insufficient knowledge, conserving threatened bio-
logical resources and habitat is prudent.

Climate Change

Because forests help to regulate global atmospheric temperatures and
the distribution of moisture, deforestation influences global climate. More-
over, about 55 percent of the earth’s organic carbon stock is stored in tropi-
cal forest biomass (Whitaker and Likens 1973). The reduction of the world’s
forests, mainly in the tropics, impairs their important atmospheric functions
as carbon sinks, and the combustion of forest biomass releases carbon diox-
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ide into the atmosphere, contributing significantly to the buildup of green-
house gases. At present, the atmosphere annually absorbs 1 to 3 billion
metric tons of carbon from tropical forest burning and 5.6 billion metric tons
from use of fossil fuel, mainly in the industrial countries (Woodwell 1990).
In recent years, the share of the buildup of greenhouse gases in the global
atmosphere attributable to the burning of tropical forests has been expand-
ing more rapidly than the share of fossil fuels use. Although global warm-
ing through an atmospheric greenhouse effect has yet to be verified, valid
concerns about climate change associated with release of carbon from both
fossil fuels and tropical forests point up the need to find more efficient ways
to use and conserve these resources.

Desertification

Desertification causes loss of biological productivity through various
forms of land degradation, including erosion and soil and water saliniza-
tion. The consequences of desertification include a reduction in the amount
of fauna and flora, loss of capacity to retain water, reduced soil fertility, and
further land and water erosion. Drylands (including deserts and arid and
semiarid areas, especially in North Africa and the Middle East) account for
about one-third of the earth’s land surface and support more than 700 mil-
lion people. Prolonged dry periods, increased human pressure (especially
related to fuelwood gathering), and overgrazing further retard natural re-
generation and promote desertification (as in Morocco, Algeria, Tunisia,
Afghanistan, and Pakistan). Deserts encroach on adjacent arid areas through
overgrazing, excessive tree cutting, and clearing of marginal lands. In more
humid areas, increased human activity also promotes desertification.

Watershed Degradation

Many people in developing countries live in villages that depend on the
watershed functions provided by forests. Loss of forests can contribute to
the degradation of watersheds, with downstream effects within a country
and beyond its political boundary. Increasing deforestation in the Hima-
layan watershed has caused serious social, economic, and environmental
losses in northern India, Nepal, and Bangladesh. In Amazonia, where an
estimated one-half of all rainfall results from evapotranspiration, extensive
deforestation disrupts local hydrological regimes and promotes soil degra-
dation through increased surface temperatures. Also, extensive deforesta-
tion quickly disrupts the nutrient cycle in such ecosystems, leading to local
soil depletion and reduced agricultural productivity. Weak development
policies and the persistence of social inequities that are often aggravated by
the development process, foster conditions that encourage destructive de-
forestation of shifting cultivators.
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SUMMARY

Deforestation is increasing in the tropics. Although not all forms of
deforestation are negative, serious social, economic, and environmental costs
are associated with destructive deforestation. Agricultural expansion, over-
grazing, fuelwood gathering, commercial logging, and infrastructure and
industrial development contribute to uncontrolled deforestation. But these
immediate causes are driven by population growth, rural poverty, market
and policy failures, and underdevelopment.

Humans play an important role in modifying natural systems. Human
interaction with the environment is influenced by economic and sociopolitical
factors. In the case of forestry, social factors help shape demographic pres-
sure on forest resources, historical property rights governing access to forest
resources, and attitudes toward forest use. Economic forces influence which
forest outputs are marketed and which are used for subsistence needs, how
important the forest sector is in the national economy, and how income
resulting from forest activities is distributed. Political factors affect how
much government intervenes in the pricing and extraction of forest prod-
ucts, which interest groups receive favorable treatment, and which forest
outputs will be provided as public goods. The way in which these social,
economic, and political factors interact with one another and with the natu-
ral systems determines whether there is sustainable use of forest resources
or destructive deforestation.
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Biological Diversity and Forests

Daniel B. Botkin and Lee M. Talbot

his chapter reviews the issues related to biological diversity and forests,

explaining the meaning and importance of biological diversity locally,
nationally, and globally. It then discusses the effects that changes in land
use have had on biological diversity in the past and might have in the
future. It also discusses the current rate of change in biological diversity and
the increasing threats to diversity, including those imposed by forest uses.
Finally, the chapter shows how the international community can apply mea-
sures to conserve biological diversity in forests. The primary focus here is
on forests of low latitudes, especially the various types of tropical moist and
dry forests, but the chapter also includes some discussion of low-latitude
mountain forests and temperate forests of central Europe and the former
Soviet Union.

BIOLOGICAL DIVERSITY

In September 1990 the Los Angeles Times reported that American physi-
cians were shocked to discover that a chemical important in human brain
activity and valuable in the control of high blood pressure had exactly the
same formula as a poison used on the tip of arrows by Amazonian Indians
and obtained from one of the Amazonian rain forest trees. Here was another
reminder of the potential utility of diverse life forms in tropical rain forests.
These threatened forests, among the most biologically diverse of all the
earth’s natural areas, continue to provide us with a wealth of economically
useful products.

One of the most striking features of life on the earth is its great diversity
of living things. Biological diversity has three main components: species,
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genetic, and ecosystem. Species diversity and genetic diversity have been
the primary, and often only, focus for biological diversity conservation. But
these two linked considerations are affected by other aspects of diversity
that are normally defined under the heading of ecosystem diversity.

THE FUNDAMENTAL REASONS TO
CONSERVE BIOLOGICAL DIVERSITY!

The Underlying Rationale

The underlying rationale for the conservation of biological diversity is
that, once lost, a species cannot be regained; its genetic makeup is gone
forever. In the past we viewed such a loss from the standpoint of the indi-
vidual species involved, and the potential effect of that species on the con-
tinuing evolution of other ones. Now, when we can transfer genes from one
organism to another, we recognize that not only do we lose forever that
species, but also we lose a remarkable collection of unique and potentially
immensely useful genes.

Many species evolve over long periods of time, and an area of high
biological diversity is the result of complex ecological and evolutionary
processes, often involving unique histories of local habitats that, once lost,
cannot be reproduced. Unlike a machine of our own making, such as an
automobile that can easily be replaced and improved upon as technology
advances, biological diversity is the result of long processes that we are only
beginning to understand. In this sense, biological diversity is a fragile re-
source that must be managed conservatively. Species evolve in specific loca-
tions. Sometimes, species migrate worldwide, far from their point of origin.
In other cases, species remain highly localized and the set of species found
in one part of the world may be very different from those found in another.

Whereas in the past the phrase conservation of biological diversity was
often erroneously used to mean simply protection from any use, we recog-
nize today that a purpose of conservation is to ensure future capacity for
use. For example, the World Resources Institute defines conservation of
biodiversity as “the management of human interactions with the variety of
life forms and ecosystems so as to maximize the benefits they provide today
and maintain their potential to meet future generation’s needs and aspira-
tions” (Reid and Miller 1989).

Extinction of species is a natural process. In a finite world with some
degree of risk, the eventual fate of every species is extinction. What is novel
or unnatural about the modern situation is the rate of extinctions, not ex-
tinctions per se. Over the history of life on the earth, the natural rate of
extinction has averaged slightly less than the rate of evolution of new spe-

! Important insights_and advice were provided by Thomas Lovejoy, Kenton Miller,
Peter Raven, Michael Soule, and Edward Wilson.
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cies, so that overall species diversity has, on the average, increased (Myers
1979). There have been periods of comparatively large declines in diversity
and periods of comparatively rapid increases. But it is well known that the
rate of extinction has rapidly increased since the rise of civilization, and
increased even more rapidly since the Industrial Revolution. The current
rates of extinction among many groups of organisms including birds and
mammals are estimated to be as much as a thousand times what they would
be in nature undisturbed by human influences (Wilson 1991), perhaps a
thousand times those of the past tens of millions of years (Raven 1987).
Comparable rates of extinction have not occurred for 65 million years, when
the dinosaurs disappeared and mammals came into the ascendancy. Some
authorities estimate that 25 percent of the world’s animal and plant species
that existed in the mid-1980s may be extinct by the year 2015 or soon there-
after (Raven 1988a, 1988b). If we consider only those extinctions caused
primarily by tropical deforestation, we may lose between 5 and 15 percent
of the world’s total species between 1990 and 2020 (Reid and Miller 1989).
If there are roughly 10 million species on earth, this rate of loss would
account for 15,000 to 50,000 species per year, or 50 to 150 species a day, far
exceeding any known earlier rates of extinction of animals and plants. Some
believe that this rate even exceeds that which occurred during the mass
extinction of the dinosaurs (Wolf 1987).

These concepts provide insight into a potential flaw in the idea of com-
pensatory wildlands (i.e., that when an area of wildland is destroyed by a
development project, the loss may be compensated for by protecting an area
of equal size and similar ecosystem) and help demonstrate that biological
diversity is not a readily exchangeable commodity. Species found in one
parcel of land may be different from the species found on another, and a
“compromise” that results in the exchange of one parcel for another of
equal size may not lead to conservation of the same biological diversity as
present in the original parcel. Whereas a farmer may exchange one pasture
for another with the government so that a highway can follow a straight
line, the same kind of exchange for biological diversity might lead to more
rather than fewer undesirable extinctions.

Four Basic Justifications

Biological diversity has value for four basic reasons: utilitarian, aes-
thetic, moral, and ecological.

The utilitarian justification for biological diversity means that there are
products to be obtained from natural ecological systems that can provide
direct economic or social benefits. The pharmaceutical chemical important
in controlling hypertension—and used in the tips of arrows in the American
tropics—is only one example of the utilitarian reason to value the biological
diversity of forests. Fully three-quarters of the people on earth, most of
them in the developing nations, depend directly on plants as sources of
medicines. At the same time, in the developed nations a substantial part of
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the multimillion dollar pharmaceutical industry has been based on materi-
als derived from natural sources (plants, vertebrate and invertebrate animals,
and microorganisms). For example, some 25 percent of the prescriptions
dispensed in the United States between 1959 and 1973 contained active
ingredients extracted from vascular plants (Principe in press). Many phar-
maceuticals are derived from plants or, if now produced artificially, were
discovered as compounds in plants such a quinine and aspirin (the latter
from willow bark). Forests are especially valuable for such products. Only a
very small percentage of plants have been examined for their uses for drugs
and other products, and the high diversity of tropical forests holds great
promise for the likelihood of yet-undiscovered pharmaceuticals and other
products (e.g., oils and fats) needed by modern industrial societies.

Tropical forests (wet and dry, open and closed) already have yielded a
long list of original varieties of agricultural plants used for food and plants
that provide chemical substances for medicinal and other uses. Well-known
medicines derived from tropical forests include anticancer drugs from the
rosy periwinkle (Catharanthus roseus), steroids from Mexican yams (Dioscorea
composita), and antihypertensive drugs from serpent-wood (Rauwolfia
serpentina) (Reid and Miller 1989). Many species that were the origins of
present-day horticultural crops, nuts, resins, and other products also have
come out of these forests. The same is true for many species of flowers that
are now sold commercially. Of 275 species found in one hectare in a Peru-
vian moist tropical forest, 72 yielded products with direct economic value.
Of 842 individual trees, 350 yielded products with direct economic value.
The market price of the fruit tree and palm products was estimated to
average $650 per year, and the net annual revenue at $400 per hectare (Pe-
ters, Gentry, and Mendelsohn 1987).

Genetic diversity, much of it from forests, has greatly enhanced produc-
tion. In the United States, from 1930 to 1980, plant breeders” use of genetic
diversity accounted for at least one-half of a doubling in yields of rice,
barley, soybeans, wheat, cotton, and sugarcane; a threefold increase in to-
mato yields; and a fourfold increase in yields of corn, sorghum, and potato
(OTA 1987). Most of the food production in the United States is from plants
that originated in foreign lands—a fact that underscores the international
dimension of germplasm use.

Many indigenous people find the forests essential to sustain life; forests
provide their food; wood for shelter, tools, and fuel; wildlife and plant
materials for clothing; and native plant materials for medicine. A reduction
in biological diversity can reduce the capability of forest areas to support
these people. For poor, indigenous people who depend on forests, there
may be no reasonable replacement for these benefits other than continual
external assistance, which most development projects are supposed to elimi-
nate. For urban residents, these forest benefits may not be apparent, or may
become apparent only after the forests’ biodiversity has been irreparably
impaired.
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Biological diversity provides a variety of other utilitarian benefits, of
which pollution control is one. For example, carbon dioxide is removed by
vegetation, sulfur dioxide is removed by macroscopic plants, carbon mon-
oxide is reduced and oxidized by soil fungi and bacteria, and nitrogen oxide
is incorporated into the biological nitrogen cycle (Pimentel 1982). Wild ver-
tebrates, invertebrates, and microorganisms play major roles in pollination
of wild and crop plants, germination, dispersal of seeds and other propagules
of plants, soil processes, and nutrient cycling, all of which are vital not only
to the maintenance of the ecosystems of which these organisms are a part,
but also to human welfare (Talbot 1987).

Biological diversity in the form of wildlife has direct utilitarian value
for food, other animal products, and income from sport hunting and tour-
ism. In many parts of Africa, wild ungulates often offer substantially higher
productivity than introduced domestic livestock (Child 1990; Talbot 1972;
Talbot et al. 1965). Tourism based largely on wildlife in protected areas is a
major and growing source of income for many developing countries. It is,
for example, the single largest source of foreign income for Kenya. Although
much of the initial wildlife-based tourism was based on the larger forms of
wildlife that flourish on the more open savanna lands, increasing attention
is now being given to tourism based on the whole array of forest plants and
animals.

Forests have many indirect uses, too. Forests retard soil erosion, espe-
cially in areas of high rainfall, high rates of tectonic uplift, and soft bed-
rock—conditions that are found in low-latitude mountainous regions, such
as those of India and Nepal (Sidle, Pearce, and O’Laughlin 1985). Forests
also stabilize water supply and runoff. This benefit of forests was known to
the ancient Greeks, repeated in the 19th century with the awakening of
concern with deforestation in Western nations, and quantified in the past 30
years through studies of watersheds in North America. Forests also im-
prove air quality and help to maintain regional climates and especially pat-
terns of rainfall (Lettau et al. 1979; Salati et al. 1979; Shukla, Nombre and
Sellers 1990). It has been calculated, for example, that more than half of the
precipitation in the Amazon region is generated by the forests (Villa Nova,
Salati, and Matsui 1976; Salati, Marques, and Molion 1978), and some specu-
late that the climate in southern Brazil would be so altered by deforesting
the Amazon that agriculture might become impossible there (Raven 1991).
Because of the role of the Amazonian forests in maintaining climatic condi-
tions necessary for their own continuation, complete and rapid destruction
of the Amazon tropical forest could be irreversible (Salati, Vose, and Lovejoy
1986; Shukla et al. 1990).

The aesthetic justification for biological diversity refers to the value that
people place on seeing, hearing, touching—experiencing—nature and its
diversity of life forms. Aesthetic interest, of course, leads to tourism, film-
making, and other activities from which an economic return can be ob-
tained. Aesthetic appreciation of nature is physiologically deeply rooted in
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people. Some researchers suggest that appreciation of nature can have im-
portant health implications.

The moral justification for biological diversity refers to the belief, as stated
in the U.N. General Assembly World Charter for Nature 1982, that species
have a moral right to exist. Consequently, in their role as global stewards,
people have an obligation to assist the continued existence of species, that
is, to conserve biological diversity. Although this perspective may not seem
to have an economic connection, in fact more and more citizens of the world
are asserting the importance of this moral point of view, and more and
more people are taking actions to defend this moral position. A recent ex-
ample of how the moral argument has had an economic effect is the refusal
of many Americans to purchase tuna fish caught by fishing fleets that killed
porpoises as part of the fishing. In response, one major tuna company has
advertised that it will sell only tuna fish taken without harm to porpoises.
Other examples are the boycotts of furs, teak, and ivory.

Today, people often contribute to wildlife conservation programs with-
out expecting to see the animals, merely from a desire to know that the
animals are there. Because moral concerns about biological diversity will
probably increase in the future, more economic consequences are likely.
Any future forest management policy will encounter groups that wish to
conserve biological diversity of forests, and it seems counterproductive to
attempt to set policy without understanding the points of view of these
groups—in other words, without understanding moral arguments for the
conservation of biological diversity. Rather than creating a continual series
of confrontations between people who take a moral position in support
of biological diversity and those who are intent on harvest, it seems eco-
nomically prudent to understand this justification and respond to it
constructively.

The ecological justification for biological diversity means that diversity is
important to the persistence of ecological systems, including forest ecosys-
tems. To explain this point, we need to consider the simple question, What
is required to sustain life within a forest? We tend to associate life with
individuals, and therefore to imagine that the continuation of life depends
solely on individuals and their reproductive capacity. But no single species
exists that creates its own food from inorganic materials and completely
decomposes all its own wastes. Nor does any species single-handedly main-
tain all the necessary characteristics of its habitat for its own persistence
(Slobodkin et al. 1980). A plantation of rubber trees in a germ-proof green-
house would die out and be unable to regenerate without bacteria, fungi,
and soil animals to decompose dead material from the trees. Only a set of
species of different kinds, interacting together, complete all these processes.
Only a set of species and the local environment function to sustain life.

The minimum system that can provide cycling of chemical elements
and the flow of usable energy necessary to sustain life is called an ecosystem,
which is a set of interacting species and their local, nonliving environment.
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To maintain economic production of forests, a forest ecosystem must be
sustained. The characteristics of such a minimum ecosystem are currently
a source of controversy regarding deforestation of the remaining original
forests of the world. The practical consequence of these ideas is that learn-
ing more about the minimum ecological requirements to conserve intact
forests and their biological diversity, and to restore degraded forests, is
worthwhile. Until we know those minimum requirements,-it is prudent for
us to treat forests more carefully than we do at present, and to assume that
existing characteristics, including all species, are necessary unless proven
otherwise.

The old idea of forest production was predicated more or less on the
notion that the only things a forest needed were inorganic soil, fertilizers,
water, and seeds. In fact, most trees survive because they are part of a
complex set of interacting species. Many trees depend on a number of spe-
cies of fungi in the soil or attached to their roots in order to take up nutri-
ents from the soil. Leguminous trees have nitrogen-fixing bacteria living in
nodules on their roots; these bacteria convert molecular nitrogen, an essen-
tial nutrient, into compounds usable by trees. Free-living soil bacteria fix
nitrogen from the air and make it available to trees; other soil bacteria affect
the availability of other elements. Small animals in the soil, such as earth-
worms and termites, improve the physical characteristics of the soil, stimu-
lating tree growth and improving the conditions for the growth of beneficial
soil bacteria. As every schoolchild knows, trees depend on birds, bats, bees,
and other insects for pollination of flowers and on many kinds of verte-
brates for the distribution of seeds. The survival and successful growth of
vegetation in forests are therefore the result of a complex set of interactions
among species. Hence, a diversity of species is essential to the persistence of
forest ecosystems. High biological diversity means greater ecosystem com-
plexities, because there are more, and more highly specialized, interdepen-
dencies in high-diversity than in low-diversity systems. And the manipula-
tion of a high-diversity system requires much more caution to maintain it in
the future.

Although we know that a set of species is required to sustain life, we
know very little about natural ecological systems in general and tropical
forests in particular. One of the central controversies about the biological
diversity of forests concerns the minimum set of species required for a
forest ecosystem to persist. In the past, the typical management approach
was to put the burden of proof onto nature and conservationists: forest
resources were removed and forest habitats modified; only after the fact,
when problems arose, was consideration given to loss of species. When
forest resources were abundant and timber supply seemed infinite, that
course of action may have seemed economically plausible although it never
really was. As forest resources vanish, the burden of proof must be placed
on those who plan to exploit forest resources—to demonstrate that a plan of
action will not decrease ecosystem stability or add to extinction of species
and decline in biological diversity.
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For example, there is evidence that the supposedly high economic value
of a moist tropical forest is completely lost when the forest is converted to
other uses. What we do not know is how much we can manipulate that
forest before unknown ecological processes drive it past a point of no re-
turn, or long-delayed return. It is prudent to be cautious in supporting
projects that lead to the manipulation of forests until we know, or at least
can approximate, the level of tolerance of the ecosystem.

The ecological justification also leads to an extension of the moral justi-
fication. If we have a moral obligation to conserve species, we also have an
obligation to conserve ecosystems. This assumption underlies the approach,
for example, of the U.S. Marine Mammal Protection Act of 1972, the UNESCO
Man and the Biosphere Program in ecological reserves, and many other
recent conservation programs.

Direct Global Connections

Many of the values of biological diversity just discussed clearly have
implications for the international community. For example, pharmaceuticals
are not only of international economic importance, but some can contribute
to human health and welfare worldwide.

During the 1980s a new global perspective on life and on ecology devel-
oped. We now understand that life has changed the global environment and
that these life-induced changes, which began more than 3 billion years ago,
have affected the atmosphere, the oceans, and solid sediments. Life appears
to be a planetary phenomena, and all life on earth seems interconnected.

There are two kinds of global connections among species: migratory
and chemical.

Global Migratory Connections

Some species that migrate over large distances are important for the
continuation of other species. For example, migrating birds that winter in
the tropics and nest in middle and high latitudes can be important in polli-
nation and seed dispersal in both nesting and wintering habitats. But these
same birds depend on tropical or subtropical ecosystems for their winter
survival. Destruction of tropical forests can lead to the extinction of these
birds, which, in turn, could threaten some temperate and high-latitude veg-
etation. As another example, outbreaks in Canada of spruce budworm, an
especially troublesome problem for trees of commercial value, may be de-
creased by the abundance of warblers that migrate from the tropics (Holling
1988).



BIOLOGICAL DIVERSITY AND FORESTS 55

Global Chemical Connections

Life affects global cycles of many chemical elements that are, in turn,
important for the persistence of life on earth. Local and regional biological
diversity can influence global chemical cycles.

The possibility of global warming reveals the global chemical interrelat-
edness of life. Global warming refers to a human-induced climate change
resulting from the release of carbon dioxide, methane, and other green-
house gases from the burning of fossil fuels and from deforestation. De-
forestation, and subsequent decomposition of forest organic matter, adds
carbon dioxide to the atmosphere. Decomposition of certain moist soils
releases methane, as does digestion of wood by termites. Most plants live
a short time and do not store carbon for long. Although algae in the ocean
remove large quantities of carbon dioxide from the atmosphere, most al-
gae die and decompose rapidly, returning the carbon to the atmosphere.
Trees, like all green plants and algae, remove carbon dioxide from the atmo-
sphere during photosynthesis, so that this removal is part of their process of
growth. As the longest lived of all vegetation, trees are capable of storing
carbon for decades and centuries, and it is this carbon storage capability
that is so important in the global cycle of carbon and in the possibility of
global warming.

Enough carbon is stored in forests to have a significant impact on the
entire atmosphere. At present, anthropogenic activities are adding more
than 5 billion metric tons of carbon to the atmosphere each year. Climatolo-
gists project that this rate of increase could warm the earth by 2 to 6 degrees
centigrade by the end of the next century. There may be as much as 500
billion metric tons of carbon stored in live vegetation (most of which is
stored in forests), and a substantially greater amount stored in forest soils.
If these estimates are accurate, an increase of 1 percent per year in the net
worldwide deforestation rate could double the carbon dioxide released by
human activities, assuming that all organic matter in the trees decomposed
rapidly. (This assumption, of course, may be wrong because significant
amounts of the carbon in trees may end up in buildings or in newspapers in
somebody’s attic.) The release of carbon dioxide could be much higher if the
soils of the cleared forests decompose rapidly. Such soil decomposition is a
characteristic result of deforestation. Thus maintenance of forests can be an
important part of the solution to the greenhouse effect, and, conversely,
deforestation can have a significant negative effect on the future climate of
the earth.

The conservation of organic matter in forest trees and in soil requires
maintenance of forest ecosystems. Because some biological diversity is nec-
essary to maintain these ecosystems, the maintenance of biological diversity
in forests can have a global effect on chemical cycles. We have already
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explained that our current state of knowledge is not sufficient to determine
exactly what set of species is the minimum required to sustain any forest
ecosystem, and we have argued that prudence dictates preserving existing
diversity unless evidence were to become available that such diversity is not
essential. The global perspective supports the ecological arguments for the
conservation of biological diversity and for the reversal of deforestation.

THE RELATIONSHIP BETWEEN FORESTS AND BIOLOGICAL
DIVERSITY, THE TRENDS IN BIOLOGICAL DIVERSITY RELATED TO
FORESTS, AND THE CAUSES OF THE CURRENT SITUATION

A large fraction of the earth’s biological diversity lives in forests or
depends on forests, especially tropical forests. About one-half (some esti-
mates place the figure as high as 90 percent [Lovejoy 1988]) of the world’s
species live in tropical rain forests, even though these forests occupy only
about 7 percent of the land area. It is estimated that 2,600 species of birds,
about 30 percent of the world’s total, depend on tropical forests for some
part of their life cycle (Diamond 1985). In one study, 10 hectares in Borneo
were found to contain 700 tree species, the same number as found in all of
North America. In another study, 570 plant species were found in one hect-
are near Kuala Lumpur in Malaysia. More typically, 40 to 100 species of
trees can be found in one hectare in South American tropical rain forests
(Reid and Miller 1989), and that figure rises to 300 per hectare in Amazo-
nian Peru (Raven 1990). In comparison, 10 to 20 might be found per hectare
in eastern North America, and as few as 1 to 5 in the boreal forests. Thou-
sands of hectares of Siberian boreal forests have a single tree species, Sibe-
rian larch. The great diversity of tropical rain forests, along with the current
rapid development of regions containing these forests, points up the need
for emphasis on the conservation of biological diversity in these areas. Many
of the species found in tropical forests occur only in the small area where
they evolved. Such species, called endemic, are especially fragile resources
because of their localized distribution.

The many tree species in tropical rain forests provide habitats for many
other organisms. For example, commercial harvests of the Brazil nut
(Bertholletia excelsa) are from the wild. This tree is pollinated by several
Euglossine bees. The male bees gather organic compounds from certain
species of tree-dwelling orchids to attract females before mating, but they
depend on other flower species for food. Agoutis, large forest rodents, pro-
vide the only known natural mechanism for opening the Brazil nut seed to
allow dispersal and germination. Consequently, the ecological processes basic
to the Brazil nut industry involve the habitat for the Euglossine bee, includ-
ing nesting and feeding areas, certain orchids and the trees on which they
grow, insects that pollinate the orchids, and agoutis. Persistence of the Bra-
zil nut requires a forest habitat large enough to support agouti and complex
enough to support the tree, agouti, and pollinating insects. As long as the
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Brazil nut exists in the forest, it provides a food base and a habitat structure
that increases biological diversity. Thus there is a strong relationship be-
tween intact forest ecosystems and high biodiversity.

Forests also provide habitat for many kinds of species that are not typi-
cally associated with a forest habitat. For example, mangrove swamps are
important habitats for juvenile stages of commercially important fin fish
and shrimp. Indonesia’s annual catch dependent on mangrove areas is val-
ued at US$194 million.

The best way to conserve biological diversity in forests is in natural,
wild, intact ecosystems. The next best is in multiple-use areas; third best in
silvicultural areas including agroforestry and urban forest gardens. Finally,
for extreme cases, such as where habitats have been completely destroyed
and species would become extinct if left in the wild, zoos and botanic gar-
dens (as part of their broader mission related to research, captive breeding,
propagation, education, and public awareness) can maintain genetic rem-
nants of wild species. Captive breeding can maintain a species until
reintroduction can be achieved.

The dramatic reduction of forests is of worldwide concern, particularly
because of the consequent loss of biological diversity. The World Bank,
United Nations agencies, other intergovernmental bodies, and government
and nongovernment organizations throughout the world now routinely list
the threat to tropical forests as one of the world’s most serious environmen-
tal problems. New studies indicate that this threat is far more serious than
was previously thought; according to the World Resources Institute (1990~
91), “The world is losing up to 20.4 million hectares of tropical forest annu-
ally—79 percent over FAO'’s 1980 estimate.” This is about 56,000 hectares a
day, an area almost equivalent to the loss of a nation the size of Britain or
Uganda each year. At current rates of tropical deforestation—on the order
of 1 percent or greater per year—all intact tropical forests will be cut during
the 21st century (Houghton 1990). At current rates of global deforestation,
one-quarter of the world’s species may be extinct from this cause before the
middle of the 21st century (Reid and Miller 1989; World Resources Institute
1990-91; Raven 1988).

In Africa, with the exception of the Congo basin and a few parts of West
Africa, intact tropical moist forests consist of relatively small and usually
rapidly dwindling remnants. These remnants, and the few larger forests
(e.g., in Zaire and Gabon), are surrounded by areas of secondary or de-
graded forest, often where logging has opened the original forest, and cul-
tivation and grazing have followed the loggers. In tropical Central and South
America large, moist forests remain, but they are disappearing at about 1
percent per year. Some large, intact tropical forests remain in Southeast
Asia, such as those in Indonesia, but most are subject to intense use.

Much of the loss of tropical forests is attributable to factors outside the
traditional forestry sector. Increasingly, however, scientists are questioning
whether sustainability of commercial logging in natural tropical moist for-
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ests has ever been achieved, and whether it is, indeed, ever possible in other
than plantation situations. With increasing stridency environmentalists
throughout the world are raising the same questions. They point to the
unquestionable loss of tropical forests following lumbering operations, and
they say that the claim of “sustainability” is a smokescreen to cover destruc-
tion of irreplaceable forests for financial growth.

THE RELATIONSHIP BETWEEN FOREST MANAGEMENT
TECHNIQUES, INCLUDING COMMERCIAL LOGGING, AND
BIOLOGICAL DIVERSITY

Forms of Commercial Logging

Commercial timber exploitation (as distinguished from subsistence
extraction by forest-dwellers) generally takes the form of clear-cutting,
selective cutting, enhancement or improvement forestry, or plantations. Plan-
tations simply replace the original forest or other previous vegetation, typi-
cally with a single species planted at regular intervals to form a grid.
Enhancement or improvement forestry seeks to increase the growth rate or
numbers of the desired (i.e., economically valuable) tree species by plantings
and by cutting or poisoning the “weed” (i.e., uneconomic) species. In either
case the effect is to change the original forest into a form of plantation,
which is substantially different from the natural forest.

The effect of clear-cutting depends on the site, the size and pattern of the
clear-cuts, the amount of cut material left on the ground, and the subse-
quent treatment of the area. Except for very small cuts surrounded by intact
forest, the effect of clear-cutting is devastating to an original tropical forest,
at least for many decades. If clear-cutting is conducted simultaneously over
a large area, genetic diversity may be diminished, especially when no seed-
bearing mature trees are left, or when the habitats of the mature trees are
damaged to the extent that mature seed-bearing trees cannot persist. Species
diversity declines rapidly in the clear-cut area, although there may be a
temporary increase in the local diversity in remaining forest patches as or-
ganisms scramble for the remaining habitats. Clear-cutting is carried out in
tropical regions to clear the land for agriculture. For example, in the Ama-
zon Basin, trees are cut, girdled, or burned; then the cleared land is farmed.
Clear-cutting of tropical rain forests has been done in the Philippines and in
other areas where the land is simply treated as a resource to be mined. In
other areas, where specific species are of special interest, selecting logging is
more cCOMmOn.

Selective cutting (including “high-grading” or “creaming”) seeks to re-
move only a limited number of target trees, such as all those of a given
species or those of a particular age of that species. Typically the target
species represents a small percentage of the total number of trees present, so
that even limited lumbering may effectively remove the species from that
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part of the forest. Where the target species is a key component of the forest
ecosystem, even this limited removal may alter the forest in significant ways.
In addition, inevitably a substantial percentage (often estimated at more
than 50 percent) of the remaining trees and other vegetation will be killed or
damaged by the selective cutting and removal of the target timber, and the
species composition of the remaining forest will be changed. Consequently,
although selective cutting is the least disturbing form of forest exploitation,
it still substantially alters the natural forest system. In practical terms, no
commercial logging of tropical moist forests has proved to be sustainable
from the standpoint of the forest ecosystem, and any such logging must be
recognized as using a potentially renewable source as a nonrenewable one—
in other words, as mining, not sustaining, the basic forest ecosystem. In fact,
the question can be asked whether any extraction has resulted in sustainability
of the original level of abundance and productivity, or in the original bio-
logical diversity.

The methods of cutting and removing logs have an important effect on
biodiversity, and in recent decades considerable experience has been ob-
tained in techniques that are less damaging to forests than older mechanical
methods (Hamilton 1988). The most damaging are bulldozers, tractors, and
skidders; the least damaging are aerial cables, balloons, and helicopters in
combination with hand felling. International assistance to logging projects
should take into account whether the least-damaging methods are to be
used. If extraction of timber is permitted, a code of “Best Practices,” includ-
ing the least-damaging methods of cutting and removal of timber, should
be developed.

The Question of Sustainability

In terms of time-horizons for economic planning and human lifetimes,
forests regenerate slowly to their original or predisturbance forms after be-
ing severely disturbed. White pine in North American can live more than
400 years, and forests dominated by this species can take that long or longer
to reach the biomass and composition of the original forests. The tropical
forest of Angkor, Cambodia, which began to regenerate after that city was
abandoned in the 15th century, is still structurally different today from
nearby original forests. Because the trees that dominate many forests can
live so long, it would not be surprising for a forest dominated by such
species to take several human lifetimes to reach a stable condition, even
under a constant climate. A computer model of forest growth, shown to be
realistic and accurate, projects that a forest of the northern temperate zone
of North America requires more than four centuries to reach a maturity
from a clear-cut (Botkin, Janak, and Wallis 1973).

Regeneration of original forests is complicated by climate change. For-
ests modify the climate near the ground. Not only is it cooler and more
moist under the shade of a forest canopy during the daytime, it is also
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warmer during the night and during cold seasons. An established forest can
persist under climate change, while the same forest may no longer be able
to regenerate. Over the centuries the climate can change considerably, so
that a forest that developed to maturity in one location in a previous climate
may not regenerate, if cut, in the current climate. Some existing forests,
perceived to be the kind that will regenerate and assumed to be sustainable,
may be remnants of past climatic conditions. For example, some teak forests
in Zimbabwe, which regenerate poorly when affected by frost, may persist
in the current climate because mature trees protect young ones from frost.
Logging mature trees exposes younger ones to frosts, which may kill them.
The failure of white pine forests of North America to regenerate may be the
result of a similar response by trees to climate change. Such possibilities
emphasize the need to establish prior to logging whether the type of forest to
be managed can regenerate under current conditions of soils, climate, and
vegetation—that is, whether sustainability is possible at all.

Forests vary in their susceptibility to logging; tropical rain forests seem
to be especially fragile. One reason is that two-thirds of these forests grow
on poor and fragile tropical yellow and red soils, which are poor in nutri-
ents and, when cleared and exposed directly to sunlight and rain, form a
hardened surface from which regeneration of vegetation proceeds poorly.
In these forests, most of the chemical elements necessary for life are con-
tained in living vegetation and dead organic matter, which decomposes
when the forest is cleared by logging; their constituent chemical elements
are lost rapidly. Trees in these forests typically have shallow root systems,
an adaption to the need to capture nutrients quickly from the shallow soil.
Such trees may be more vulnerable when surrounding trees are cleared
away. The remaining trees are more vulnerable than deep-rooting trees to
windstorm damage and to sun-scalding of their roots. Another reason tropi-
cal rain forests regenerate poorly after logging is that many of the seeds of
rain forest trees germinate almost immediately and are not stored for long
periods in the soil; thus they are not available after logging. Some tropical
rain forests do regenerate rapidly from some kinds of natural disturbances,
as do, for example, some dipterocarp forests of the Asia-Pacific region.

Definitions

The question of the extent to which tropical moist forests can be ex-
ploited sustainably has been a matter of professional scientific concern for
many years, and is an important consideration for the conservation of bio-
logical diversity. As already noted, questions have been raised about whether
sustainability in commercial logging operations has been achieved, at least
in the tropics, and, indeed, whether it is possible under most conditions.
Recently, sustainability has come into prominence within the World Bank
both in connection with Tropical Forestry Action Plan (TFAP) and with the
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Environmental Assessment (EA) process, particularly in the case of some of
the Forest/Environment and Natural Resource Management projects that
have a component involving sustainable exploitation of tropical forests.

A major reason for the lack of agreement over the concept of sustainability
is the definition of the world sustainability itself. There are two main ele-
ments in the definition of sustainability in use at present: one refers to
sustainability of a forest ecosystem and the other refers to sustainability of
the yield of timber. Sustainability of the ecosystem refers to maintaining the
integrity of the natural forest in terms of its structure, composition (i.e.,
species composition and biological diversity), and ecological processes, along
with the environmental services it provides. Sustainability of timber yield re-
fers to maintaining a yield of timber from the forest area.

Sustainability of the Ecosystem

The concept and practice of sustainable forestry (in the context of eco-
nomically viable, relatively large-scale harvest of timber) were developed in
Germany. Subsequently, sustainability of timber harvest has frequently been
a stated objective of industrial forest exploitation throughout the world. In
some cases in the northern temperate zone such exploitation may have proved
sustainable in timber terms, but it is difficult to find cases where sustainability
has been maintained in ecological terms and in terms of biological diversity.
We know of no cases where enough data have been obtained to be truly
informative about long-term ecosystem sustainability. Timber sustainability
in the northern temperate zone may be more likely than in the tropics,
because temperate tree species have evolved in a frequently disturbed and
variable environment, and because there are a small number of tree species
and a relatively simple structure and composition of the forest ecosystems
involved. Most northern forests have been actively managed (through selec-
tive cutting, planting, etc.) for many decades or centuries; hence they are
substantially different from their premanagement ecological status and may
appear ecologically sustainable when they are not. Where old-growth “vir-
gin” temperate-zone forests are involved (e.g., in the northwestern United
States), opposition to commercial timber exploitation is growing specifically
on the ground that it is not compatible with sustaining the ecosystem.

Ecological conditions in the moist tropics—especially in terms of diver-
sity of trees and associated plants, complex physical structure, soil, and
hydrological characteristics—are dramatically different from those in the
northern zones. The reasons why tropical forests have so much more diver-
sity than northern forests are not entirely clear, but whatever the reasons,
the differences are enormous. As a result, industrial forest exploitation is
not compatible with maintenance of the ecological integrity of most—more
probably, of any—tropical moist forests.
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Sustainability of Timber Yield

Sustaining a yield of timber from a forest area implies maintenance of
a forest but not necessarily the original forest. Foresters speak of a “rotation
period,” which is the time between harvests. Three harvests are generally
considered to be the minimum required to determine sustainability in any
agricultural system, whether the harvest is of an annual vegetable or a tree.
The first harvest establishes a baseline; the subsequent ones indicate whether
harvests are steady, rising, or falling. These terms can also be used to distin-
guish between a sustainable original harvest and a sustainable disturbance har-
vest. In a sustainable original harvest, harvest 3 would equal harvest 1. In a
sustainable disturbance harvest, harvest 3 would equal harvest 2. The au-
thors of this chapter know of no examples of sustainable original harvest.
Because a typical rotation period in a temperate forest (where there is more
experience in the attempt to achieve sustainability than in a tropical forest)
is 20 years or more, a minimum of 60 or more years would be required to
determine whether a harvest appeared sustainable. Data on sustainability in
temperate-zone forests are not easily found in open scientific literature. If
data exist, they may be in the records of timber companies and forestry
agencies.

Sustainability of timber yield, even when it is the stated goal of forestry,
is rarely achieved. Sustainability of the original forest is especially rare;
where forests are grown as sustainable crops, it is a sustainable disturbance
harvest, as defined earlier, that is sometimes achieved. As an example, in
the state of Michigan more than 7 million hectares of original white pine
were clear-cut between 1840 and 1920. The foresters are said to have be-
lieved that they would never run out of white pine, because the resource
appeared huge, and that by the time the last hectare was cut the first would
have regrown. In fact, many of the hectares never regenerated but have
become depauperate “stump barrens,” open fields of grasses, lichens, and
shrubs, where no white pine or any other large trees grow. Where regenera-
tion of pines has taken place, the original mature size of the trees is never
found. These forests developed over long periods, subject only to natural
rates of disturbance by fire and windstorms, and not to clearings of large
areas or intense fires produced by the large amounts of fuel, in the form of
the parts of the trees considered waste, left on the ground by the loggers. In
some of these areas, red pine plantations were established in the 1930s, with
great expectations for future sustainable harvest. But as these trees have
approached maturity, disease outbreaks in the homogenous, single-species
stands have caused serious problems. Thus even in northern temperate-
zone forests where sustainability is believe to be achievable there are many
counterexamples.

In general, sustainability of early successional species is more likely
than sustainability of late successional species. In the northern temperate
zone, pines and aspen are common early successional species, and these
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species are more likely than others to be maintained in plantations that are
harvested regularly. In the moist tropics, some of the most commercially
important species are characteristic of light-gaps in the forests, that is, of
areas of early or midsuccession. These include the entandrophragmas of
Africa, some Dipterocarps of Southeast Asia, and the mahoganies in Central
and South America (Sayer 1991).

As we have suggested, current knowledge suggests that sustainability
of timber is much less likely in the tropics, especially in the moist tropics,
than in the northern temperate zones. Plantations offer the best and prob-
ably the only proven way to assure such sustainability. Consequently, plan-
tations offer the only real option for meeting the future demands for timber
(and, in most cases, for fuelwood also) from tropical areas. The degree to
which tropical forests, especially moist forests, are sustainable for timber
production is a research question that must be studied objectively in the
future.

If wood production were to be sustainable from natural tropical for-
ests—as opposed to plantations or “enhanced” forests—the yield would
have to be very low, but the need for the timber enterprise to be financially
rewarding may make a low offtake uneconomic. True sustainability from
natural tropical forests has yet to be demonstrated. As the 1988 Interna-
tional Tropical Timber Organization report stated, “It is not yet possible to
demonstrate conclusively that any natural tropical forest anywhere has been
successfully managed for the sustainable production of timber. The reason
for this is simple. The question cannot be answered with full rigor until a
managed forest is in at least its third rotation” (Poore 1988). In practice, the
opportunity for a third rotation almost never occurs because the earlier
exploitation altered the forest system too much, because the forest manage-
ment policy or practice changed, or because the forest was cleared for cul-
tivation and settlement. Consequently, most natural tropical forests that
have been subject to timber exploitation have ceased to exist, at least as
natural forests. The exception may be very low level extraction by indig-
enous people, which is discussed later in this book.

An additional warning is necessary. Even if a forest appeared sustain-
able after three harvests, in the sense that the yield of harvest 3 was equal
to or greater than that of harvest 2, the forest might not be sustainable
indefinitely. The reason is that some secondary effects of the harvest—such
as decreases in the fertility of the soil, decreases in the organic content of the
soil, and compaction of the soil—may not be evident after three harvests.
The response to logging is better known for temperate forests. Although
these forests are usually believed to be more resilient to logging, they un-
dergo severe changes after clear-cutting. For example, it has been estimated
that the nitrogen available to trees declines by more than half following a
clear-cut in a temperate-zone hardwood forest, and that the available nitro-
gen may remain below half of the original value for 90 years or more (Aber,
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Botkin, and Melillo 1978). As a result, timber production is greater for long
rotation periods than for short periods (Aber, Botkin, and Melillo 1979).
Such damage occurs even if only the main boles of the trees, which are low
in nitrogen content, are removed. Any practice that removes leaves, twigs,
and roots, where a tree stores most of its nitrogen, leads to greater and
longer-lasting damage. The activities of felling, cutting, and removing tim-
ber from a forest inevitably result in some compaction of the soil, which is
minimized by the most careful techniques, such as the use of balloons,
helicopters, and aerial cables to remove the timber. But these methods may
be impractical in remote tropical locations, or the forests may not be eco-
nomically profitable when the costs of these methods are included in the
economic analysis.

Regardless of the form of management, any yield from tropical moist
forests that is sustainable represents a vanishingly small part of the total
existing forestry efforts. The 1988 report by the International Tropical Tim-
ber Organization concluded that sustainability was achieved in only 0.125
percent of total area of tropical moist forests managed in theory for
sustainability of timber production, and even these management results are
hotly disputed (Poore 1988).

Sustainability of Other Values

Most governments in developing countries view the value of the tropi-
cal forests in terms of their potential to earn foreign exchange through log-
ging. Most of these governments allow the destruction of this national
resource because they. have pressing needs for revenue, and they accept
claims that the forestry is sustainable. The many other values of the tropical
forests are less visible and often may be obtained only indirectly. But many
other values are sustainable under proper forest management.

As already mentioned in this chapter and discussed more fully in a
variety of other publications (Myers 1979, 1983; Oldfield 1984; OTA 1987;
Prescott-Allen and Prescott-Allen 1986; Reid and Miller 1989), biodiversity
of tropical forests has great actual as well as potential economic and other
values to mankind. Science has barely scratched the surface of knowledge
about these forests, and the potential benefits to humanity from research
into this kind of complex ecosystem and its component species are incalcu-
lable. Nontimber forest products, which already produce substantial eco-
nomic returns in many areas, promise substantial increases.

Forest ecosystems also provide life support, and, through wildlife and
other nontimber forest products, economic livelihood for vulnerable ethnic
minorities and other local people both inside and around the edges of the
forests. Forests also contribute to regional and even global life support sys-
tems by providing a series of ecological services, ranging from watershed
protection to amelioration of climate.
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Finally, tourism based on forests offers the possibility of earning valu-
able foreign income for government and for private entrepreneurs without
destroying the basic forest resource. Properly managed, tourism also can
provide substantial economic benefits to people living in or around forests,
assisting in their economic development and providing incentives to protect
the resource (Kiss 1990). Most nontimber values depend on maintenance of
an intact tropical forest ecosystem. It follows that any form of forest man-
agement that does not also sustain the ecosystem will not provide most of
these benefits.

MEASURES USED OR PROPOSED FOR CONSERVING BIOLOGICAL
DIVERSITY OF FORESTS

There are three general categories of measures for conserving biological
diversity of forests: protection of natural or near-natural ecosystems, res-
toration and rehabilitation of degraded lands, and ex situ protection of
individual species. By far the most important of these is protection of eco-
systems, which is probably the only way to assure maximum protection for
the full range of biological diversity involved. Under some conditions, mea-
sures to restore and rehabilitate degraded lands may conserve biological
diversity. These measures range from planting one or a few selected species
of indigenous trees to mounting complex efforts to replace a range of the
preexisting species of plants and animals. Because abused and degraded
lands occupy an ever-increasing area of the earth’s surface, these measures
are becoming increasingly important, both to restore productivity of lands
for direct human use and to conserve some biological diversity. The third
category of measures—ex situ protection of species, for example, in zoos,
botanic gardens, aquaria, and seed banks—may be the last resort for some
species when survival in their natural habitats is no longer possible, but its
greatest value is probably in the context of temporary protection with the
objective of eventual reintroduction in the wild.

Protected Areas

Various forms of protection for forest areas are the principal measures
that have been used or proposed for conserving biological diversity in for-
ests. Types of legally protected status range from national parks and inte-
gral nature reserves, where resource exploitation and most human activity
other than tourism are excluded, to forest reserves that are maintained pri-
marily to maintain forest resources for future harvesting. At present, there
are 4,500 legally protected biological conservation areas around the world
covering 4.9 million km?*—about 3.2 percent of the earth’s land area—and
including all types of ecosystems. Tropical Africa has 860,000 km? of totally
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protected areas, the Central and South American tropics together have a
total of 768,000 km? and Indonesia and Malaysia have 357,000 km? (Reid
and Miller 1989). In all, less than 5 percent of tropical forests lie in protected
parks and reserves (Brown 1985).

Low as these figures are, however, it is estimated that only 300,000
km?—some 15 percent—of these tropical parks and reserves are actually
strictly protected. The rest are used with or without government consent for
exploitation of resources including timber, fuelwood, forage for cattle, soils
and water for cultivation, and wildlife for hunting. Furthermore, very few
of the existing protected areas are self-sufficient ecological units. Most in-
digenous birds and mammals require a larger or more varied habitat than
the protected area itself provides, and these animals spend part of the year
away from the protected area as well. In addition, the smaller the area
protected, the greater is the “edge effect” (i.e., the often profound changes
in the original ecosystem caused by influences at its edges) and the less
likely the area will be to survive intact, regardless of the degree of protec-
tion (Lovejoy et al. 1986).

The previous discussion suggests that few protected areas are large
enough to maintain their integrity in the face of changes in land use around
their perimeter. Some important types of forests are not covered by existing
protected areas. For example, it has been shown that 88 percent of Thailand’s
forest bird species occur in the 7.8 percent of its land that is in national
parks and wildlife sanctuaries (IUCN/UNEP 1986b)—but that is not to say
that the 7.8 percent is sufficient to assure the continued survival of all these
species. Therefore, although an important start has been made, much more
needs to be done before the conservation of biological diversity, particularly
in the tropics, can be considered to be adequate.

The International Union for the Conservation of Nature (IUCN) has
established a set of eight categories of protected areas. Categories I through
IT (scientific reserves, national parks, and natural monuments) are “strictly
protected areas,” where the objective is to maintain biological diversity and
natural formations. In categories IV through VIII (managed nature reserves,
protected landscapes, resource reserves, anthropological reserves, and
multiple-use areas including game ranches, recreation areas, and extractive
reserves), the objective is controlled exploitation of resources, plus limited
but significant commitments to maintaining biological diversity (IUCN 1984;
IUCN/UNEP 1986a; Miller 1975; Reid and Miller 1989).

Many nations with a strong commitment to protected areas have appor-
tioned 10 percent or more of their land area to the strictly protected areas
(IUCN categories I, II, and III). Given the considerations discussed in this
chapter, it is simply prudent for a reasonable percentage of the land to be
allocated to these uses. The World Bank Wildlands Policy has suggested
10 percent of the land as a reasonable starting point for strictly protected
areas, but higher figures also have been proposed (e.g., former World Bank
President Robert McNamara proposed maintaining 25 percent of African
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countries’ land areas as wilderness areas [McNamara 1990]. Consideration
of any figure should be accompanied by the two caveats:

1. Conditions vary greatly from one country to another, and no
single figure will be adequate for all countries. In countries with
high biological diversity and diverse habitats, a relatively high
figure may be needed to secure reasonable conservation coverage,
whereas a lower figure may be appropriate in countries with very
low, localized biological diversity, or countries where less than 10
percent of the land remains in natural or near-natural ecosystems.

2. Strictly protected areas should not be islands in a sea of totally
altered or degraded lands. In such cases much of the biological
diversity will eventually be lost. A rule of thumb is that if 90
percent of a habitat is lost, ultimately about half of the original
biological diversity will be lost (Raven 1990). Consequently, pro-
tected areas should be a central concern in the development of a
set of land-use areas as described earlier, which would include a
range of uses, from complete protection to some use of biological
resources. The first step in managing land for forest biological
diversity is to establish a policy for the conservation of intact
forests. It is also important to protect certain areas of secondary or
somewhat degraded forest where inventories show that these ar-
eas also contain essential components of biological diversity. For
example, certain forest areas that are considered to be “hot spots”
of biological diversity may still contain important elements of such
diversity even though they have been somewhat modified.

Legal protection alone cannot assure the survival of forest areas. Protec-
tion measures must be combined with measures to provide solid benefits to
local peoples and governments. Furthermore, rapid conversion of the world’s
remaining forests is due in large part to the rapid increases in human popu-
lation and extension of temporary or low-intensity subsistence agriculture.
Consequently, measures to conserve biological diversity ultimately must
involve a combination of approaches that stabilize or reduce the human
population pressure itself, and reduce pressures on forest areas by provid-
ing more intensive production of food and fuel elsewhere.

On-Site Factors That Affect Biological Diversity Conservation

Because a number of factors tend to decrease biological diversity, a
decline in one kind of biological diversity leads to a decline in others. Loss
of genetic diversity leads to a decline in species diversity. Reduction in total
population size of a species can threaten that species with a loss in genetic
diversity or with extinction. Rapid environmental disturbances, such as a
series of storms, or a single cold spell or cold season, can decrease total
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species diversity. Large-scale disturbances, such as drought over a region
for several years, or a volcanic eruption, can cause a temporary decrease in
biological diversity.

Reduction in size and diversity of habitats are notorious causes of re-
cent extinction, especially when habitats are disrupted by human activities.
Introduction of technologies that disrupt the soil in ways that are not found
under natural conditions disrupts habitats, kills organisms, and decreases
biological diversity. Introduction of artificial chemicals, such as biocides,
can decrease biological diversity through several mechanisms. First, pesti-
cides are toxic to many species. Second, loss of vegetation from herbicides
can increase erosion, increase the variability of water runoff, and decrease
habitat diversity. Loss of pollinators from use of insecticides reduces
biodiversity.

Introduction of exotic species (species not native to a location) tends to
decrease genetic and species diversity. A new predator will find unwary
prey that become easy victims. For example, the extinction of birds on is-
lands has been attributed to the introduction of dogs, cats, rats, and goats,
as has occurred on the Gallapagos. A tree species that is introduced may
win in competition with native trees, which are then lost as habitat to native
insects, birds, and mammals.

It is often believed that hunting and direct killing of individual animals
is the only cause of animal extinctions. In the past these were major causes,
but today disruption of habitat or loss and introduction of exotic species,
along with direct destruction of an animal population by hunting or by
eradication because the animal is believed to be a pest, are the principal
ways that human activities lead to a rapid increase in the rate of extinction.

A minimum viable population is the smallest number of individual
members of a species that can be expected to persist for a specified time.
This size is determined by many factors, including genetic diversity, rates of
birth and mortality, mobility, environmental variability, likelihood of large
and destructive habitat disturbances, as well as the likelihood of human
intervention. A minimum viable habitat is a habitat (actually, a set of habi-
tats) that is large enough to sustain a minimum viable population and has
all the habitat characteristics required for that species. Although these two
concepts may seem simple, there are few cases for which the size of either
a minimum viable population or a minimum viable habitat is known. Re-
search to determine minimum viable populations and habitats is essential if
conservation areas are to be of appropriate size. Until research establishes
these minimum sizes, management must take a conservative approach and
err on the side of establishing conservation management areas that are larger
rather than smaller; even then, there is no absolute guarantee of success.
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Off-Site Factors That Affect the Conservation of Biological
Diversity

In addition to direct, on-site effects, there are other, indirect off-site
effects that decrease biological diversity.

Pollution and Biological Diversity

The potential for pollution to decrease biological diversity was first
called to the public’s attention by Rachel Carson in her 1962 book, Silent
Spring, in which she explained the effects of DDT on birds. In general,
pollution by toxic substances simplifies forests, reducing the number of
species; severe pollution can destroy forests and all their diversity. A classic
example is the area near Sudbury, Ontario, surrounding a large industrial
belt. Heavy metals and other pollutants released by industries have killed
trees. Some areas are now completely devoid of vegetation. Once the veg-
etation cover was lost, the soil eroded away, leaving only exposed bedrock
in some places. Forests can never regenerate on exposed bedrock. Although
direct destruction of habitat appears to be the main cause of decline in
species diversity at present, the effects of pollution on biological diversity
can be expected to increase in the future, especially as developing nations
increase their industrial capacity and as their standards of living rise.

Until recently, little information has been available about the effects of
pollution on forests in central Europe and the Soviet Union, but air and
water pollutants have severely damaged forests in the European part of the
former Soviet Union and in central European countries. For example, Czecho-
slovakian forests are among the most heavily affected by acid rain of any
forests in the world. Programs to assist biological diversity in the forests of
these regions must include reduction of air pollution and restoration of
damaged forests. Intense pollution effects are not yet a major problem for
tropical moist forests, but as industrial development progresses in tropical
nations, such pollution is likely to increase.

Global Warming and Biological Diversity

If global warming should occur as projected by computer models of
climate, it will significantly disrupt the distribution of species and reduce
biological diversity (Smith and Tirpak 1989). It will also cause important
changes in patterns of climatic phenomena such as hurricanes, which dis-
turb community structure in tropical forests. Effects of global warming are
projected to be most severe at middle and high latitudes and least severe in
the tropics. Nonetheless, projected changes in climate are severe and, in
comparison with the time scale of biological evolution and the natural
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migration of forest trees, rapid. It is estimated that climate will change
approximately 40 times faster than the rate at which trees migrated north-
ward in the temperate zones at the end of the last ice age. One consequence
will be that current parks and reserves may no longer have climate appro-
priate for the species they were established to protect. This is a special
problem for forest ecosystems, because of the longevity of forest trees and
the length of time required for the establishment of forests. Any program to
conserve biological diversity in the future must begin now to plan how to
revise the boundaries and sizes of parks and reserves, so that effects of
rapid climate change can be compensated for in the future.

Application of Forest Management to the International
Community

In the past, attitudes of the industrialized nations toward forest man-
agement in developing nations have tended to polarize: at one end is the
view that methods applied in industrialized Western-style forest planta-
tions were the only practical means, and that techniques involved could be
exported intact to developing nations, including those in tropical regions.
At the other end was an idealized perception of traditional uses of forests—
a belief that whatever was done by an indigenous hunter-gatherer who
lived close to the land ipso facto must fit within a balance of nature and
must be good. This view sometimes led to a belief that traditional practices,
such as slash-and-burn agriculture, must always provide for complete pro-
tection of the original forest, which is not true. The truth lies somewhere
between the two poles; obviously, northern industrial plantations have not
always led to sustainable forestry and may not work for tropical forests,
especially those with fragile soils. Understanding of traditional practices
can provide insight into how Western silviculture might be adjusted for
tropical forests.

To summarize forestry policy and programs, the international commu-
nity should take into account a series of problems with forest resource
management in the developing nations:

* Many areas set aside as parks and conservation units, with the goal
of complete protection and no use, have been poorly managed and
subjected to harvest of timber and encroachment of agriculture in-
cluding grazing of cattle, usually because neighboring people have
borne the costs of protection but have received no benefits from it, or
because such encroachment brought significant economic or political
benefits to the officials involved.

¢ Although sustainable production based on logging of intact forests
has not succeeded in most tropical developing nations, plantation
forestry also has had little success, particularly in the moist tropics.
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There are two main reasons: countries have not taken the proper
approach to sustainable production and to forest plantations, and
they have largely overlooked the potential for promoting the right
kinds of plantation development, especially by private individuals.

* Government ministries responsible for forests and for protected areas
do not coordinate their efforts.

* Governments have neglected to consider forest-dwellers and other
indigenous people and to gain their cooperation in managing the
forests.

* Traditional cost-benefit analyses for tropical forest projects have failed
to consider economic benefits of forest protection and existing ben-
efits realized from harvest of nontimber forest resources.

* Tourism offers significant potential for economic benefits, but, even
in the best existing situations in the tropics, the relatively small, well-
managed, and protected areas visited by tourists tend to be surrounded
by larger, poorly managed, or unmanaged areas. Moreover, although
tourism has contributed to international awareness of the needs for
biological conservation, in only a few cases has tourism provided a
large share of the income on which a program in biological conserva-
tion could be supported. However, examples such as Kenya and Costa
Rica—combined with the international trends in ecotourism—indi-
cate that, with proper development, tourism could make biological
conservation economically profitable.

¢ Some largely temperate-zone forests that have been subjected to chemi-
cal pollution and intense use require restoration for the conservation
of biological diversity.

* Global warming presents a risk to biological diversity as great as any
threat in the past, if not greater.

In dealing with these problems, forest management for biological diver-
sity must be based on an overall landscape perspective. It is not sufficient to
maintain isolated patches of original forests as small ecological islands within
an otherwise heavily modified and industrialized landscape.

Also, the proportion of land currently allocated to maintenance of bio-
logical diversity as the primary goal, including the conservation of intact
forests, is entirely too small. At this time, when knowledge is so limited, it
seems advisable to maintain at least 10 percent of the land in a country as
intact wildlands, so long as that 10 percent contains an adequate represen-
tation of the country’s ecosystems. Much higher figures have been pro-
posed, and for any given country this figure may need to be lower where
10 percent no longer remains intact, or substantially higher—because if only
10 percent of the habitat is protected, roughly half the biological diversity
will be lost.
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A New Approach to Management of Intact Forests as
Biological Conservation Areas

Under the old approach to preserve management, most intact forests
were treated as monuments that would persist indefinitely with only a little
maintenance. This approach often failed in the past and will fail in the
future. For example, in the United States small stands of original forests set
aside in preserves are beginning to decline. Visitors trample the soil and
reduce regeneration. Few areas are managed for the next generation of mature
forests.

Under the new approach to preserve management, forest ecosystems
are recognized as dynamic. Not only must the intact mature forest be main-
tained, but the preserve must be large enough so that forest succession takes
place within it, with major representative stages present to prov1de habitats
associated with these stages.

Forest management staffs must include professional ecosystem manag-
ers trained in the conservation of biological diversity. Experts on hydrology,
soils, erosion, geology, and restoration also must be available.

Baseline measurements and ecological monitoring must be integrated
into management plans. Usually, a small set of factors need be measured
and monitored to determine the status of the forest ecosystem, but a pro-
gram of measurement must be sustained over a long time. The adminis-
trative nature of these programs may vary from country to country, but
national measurement programs could benefit from an international pro-
gram in ecological monitoring.

Research to improve understanding of ecosystem dynamics and inter-
actions among species must be integrated into management plans.

A preserve must be planned and managed from a landscape perspec-
tive, so that various parts of the preserve are put to their best uses.

A preserve must be established and managed with the involvement of
indigenous people, so that their needs are accounted for and so that they
benefit from the preserve. Where possible, indigenous people should be
involved in the conservation, management, and protection of the preserves.
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The Role of Forests in
Climatic Change

George M. Woodwell

he accumulation of certain heat-trapping gases, including carbon diox-

ide, methane, nitrous oxide, and chlorofluorocarbons in the atmosphere,
is contributing to the warming of the earth. Whatever the dominant factors
may be at any moment in determining the temperature of the earth, the
addition of heat-trapping gases to the atmosphere will make the earth warmer
than it would have been otherwise. Since the middle of the 19th century the
concentration of carbon dioxide (the most important of these gases) in the
atmosphere has increased by about 25 percent. The increase has occurred
because human activities, especially the burning of oil and coal, the destruc-
tion of forests, and, possibly, the warming itself through effects on metabo-
lism of plants and soils, have released larger quantities of carbon dioxide
into the atmosphere than have been removed either by diffusion into the
oceans or by photosynthesis of plants on land.

The increase appears trifling, especially in view of the fact that the
volume of carbon dioxide in the atmosphere totals less than 0.04 percent,
but carbon dioxide in the atmosphere is important in determining the tem-
perature of the earth as a whole. Most of the atmosphere, about 79 percent,
is nitrogen; most of the remainder is oxygen. Carbon dioxide and certain
other gases that are present in the atmosphere in very low quantities absorb
radiant heat (infrared radiation); because the total amount of such gases is
small, their concentrations are easily changed. An increase in the amount of
carbon dioxide, or any of the other heat-trapping gases, increases the capac-
ity of the atmosphere for retaining heat and raises the temperature at which
the atmosphere comes to equilibrium with the radiant energy received from
the sun.

75
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In recent years it has become evident that, in addition to carbon diox-
ide, the burden of other infrared absorptive gases in the atmosphere is
growing, and that these gases add to the warming. By the mid-1980s the
carbon dioxide in the atmosphere was expected to cause slightly more than
half the warming anticipated at that time. Other gases (methane, nitrous
oxide, and the chloroflurocarbons, whose concentrations also are accumu-
lating rapidly) were having a combined effect approaching that of carbon
dioxide. This discussion emphasizes carbon dioxide and methane because
they are now the principal contributors to the warming, because their con-
centrations are biotically controlled, and because halting a global warming
will require, above all, control of carbon dioxide emissions. The principal
biotic factors affecting the composition of the atmosphere are the metabo-
lism of plants on land and changes in the area of forests (deforestation and
reforestation).

FACTORS THAT DETERMINE THE COMPOSITION
CF THE ATMOSPHERE

The warming of the earth is commonly seen as a physical problem. The
heat-trapping gases accumulate in the atmosphere and establish a new, higher
temperature for the equilibrium between the incoming solar radiation and
the reradiation from the earth into the blackness of space. The higher tem-
perature means that more energy is available on the surface of the earth for
heating the land and for evaporating water. Continental climates are inten-
sified: the higher-latitude continental centers warm and become drier. Greater
evaporation of water in the tropics means that more energy is transported
to the higher latitudes, which are warmed differentially. The warming in
high latitudes may be twice the average warming of the earth. In the tropics
the warming is less because the evaporation of water transfers the energy to
the atmosphere as water vapor, which is carried in the normal circulation of
the atmosphere to the higher latitudes; there the vapor condenses, releasing
its energy as heat to accentuate the trend. Climatic zones migrate, and the
rate of migration affects the survival of species.

No one knows how rapidly the earth can be expected to warm, but the
most reasonable assumption is that it will warm somewhat more slowly
than the heat-trapping gases accumulate. The evidence from the past cen-
tury suggests that in the middle and higher latitudes the warming may
proceed at a rate of 0.3 degree to as much as 1 degree centigrade (C) per
decade throughout the next decades. If no steps are taken to reduce the
accumulation of heat-trapping gases, the warming can be expected to accel-
erate. A 1-degree C change in mean temperature in the middle latitudes on
land in the northern hemisphere is encountered by moving latitudinally 60
to 100 miles. Such changes are expected to accumulate in these latitudes
over the next decades unless steps are taken now to slow or stop the accu-
mulation of heat-trapping gases (WMO/UNEP 1985, 1986, 1988; Houghton,
Jenkins, and Ephraums 1990; Leggett 1990).



THE ROLE OF FORESTS IN CLIMATIC CHANGE 77

This outline of the physical changes obscures the biotic changes, which
are not only cause and effect but also potential cure. For example, biotic
changes are, through the destruction of forests, a major cause of the increase
in carbon dioxide and methane in the atmosphere. But biotic exchanges are
complex. A listing of the stocks and flows of carbon shows the importance
of the biota in determining the composition of the atmosphere and therefore
the temperature of the earth. The relationships among these stocks are shown
in exhibit 5-1.

Stocks:

* The atmosphere contains about 750 billion tons of carbon.

* The vegetation and soils globally contain an estimated 2,000 billion
tons of carbon as organic matter in various forms—about three times
the amount in the atmosphere.

* A large stock of carbon is held in the fossil carbon deposits of oil,
coal, and gas. This stock is estimated to exceed 10,000 billion tons.

Flows:

e The annual release into the atmosphere through combustion of fossil
fuels is about 5.6 billion tons of carbon as carbon dioxide.

® The annual release of carbon into the atmosphere from deforestation
was estimated at 1 to 3 billion tons in 1980; the rate is higher now as
deforestation proceeds.

* Photosynthesis globally on land absorbs into plants from the atmo-
sphere about 100 billion tons of carbon annually, nearly one-seventh
of the atmospheric burden.

* Under normal circumstances, respiration, including the respiration of
plants, animals, and the organisms of decay, releases an amount of
carbon approximately equal to the amount absorbed in photosynthe-
sis, and so the atmospheric composition is maintained at equilibrium.

* The annual accumulation of carbon in the atmosphere is 3 to 5 billion
tons, which is the amount by which the current releases exceed the
transfer into the oceans and the absorption into the terrestrial biota.

The stock of carbon that is controlled by biotic processes is about three
times the amount in the atmosphere, and a change in the flows between the
pool of carbon held in plants and soils and the pool in the atmosphere
affects the atmosphere significantly. The potential changes extend well
beyond the current release from deforestation. The magnitude of these
exchanges is seen in the annual oscillation observed in the carbon dioxide
content of the atmosphere. The metabolism of forests caused a seasonal
oscillation of 5 parts per million as measured in the Hawaiian Islands. Any
shift in the magnitude of the photosynthetic or respiratory flows could be
significant. A warming of the earth, especially a rapid warming, might cause
such a shift. The pattern is far from certain, but experience suggests that a
warming (and almost any other severe disturbance) will stimulate respira-
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EXHIBIT 5-1. Global Flows of Carbon
(billion metric tons of carbon/year)
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tion more than it will affect photosynthesis. An increase in temperature of
1 degree C is widely recognized as increasing the rate of respiration by 10 to
30 percent, while having very little effect on photosynthesis. The stimula-
tion of respiration increases the rate of release of the products of respiration,
including both carbon dioxide and methane.

DEFORESTATION

Climatologists have grossly underestimated the effects of forests on cli-
mate, largely because they have focused too much on the effects of oceans.
The distortion persists in the recent report on the scientific sessions of the
Second World Climate Conference held in Geneva (WMO 1990). The report
acknowledges that forests could contribute to a solution of the problem by
storing additional carbon through reforestation, but the report does not
emphasize the need to halt deforestation.

Deforestation was the dominant source of carbon dioxide in the atmo-
sphere until the middle 1960s, when the global surge in the use of fossil
fuels brought the emissions from that source above the releases from defor-
estation for the first time (Woodwell 1983, 1984). The surge in the use of
fossil fuels has continued, and the release of carbon from fossil fuels now
exceeds 5 billion tons annually compared with an estimated 1 to 3 billion
tons for the release from deforestation. However, the estimates of deforesta-
tion are based on appraisals that are often arbitrary and uncertain (Houghton
1991).
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What constitutes deforestation is open to interpretation. Forest manag-
ers who are interested in the crop of fiber, including lumber and pulp, that
can be obtained from a forest do not consider the clear-cutting of extensive
tracts as “deforestation” so long as the tracts are expected to return to forest.
But there is not much question when forested land is converted to agricul-
ture, as is common in the tropics currently, that the region has been defor-
ested. As yields drop, agricultural land may be abandoned, may be classi-
fied as impoverished, or may revert to forest. Each of these transitions
involves a substantial change in the amount of carbon held in plants and
soils on land and can be measured as a change in the area of land in various
uses. If agricultural land is allowed to revert to forest, that transition, too,
can be accommodated in calculations of the carbon flux between the land
and the atmosphere. Such calculations, including data on the harvest of
forests and their recovery, even when technically called “forest manage-
ment,” have been made for more than a decade on the basis of records of
land use (Woodwell and Houghton 1977; Bolin 1977; Woodwell et al. 1978,
1983; Houghton 1990b).

The early estimates were little more than guesses based on limited data
(Woodwell and Houghton 1977; Woodwell et al. 1978; Bolin 1977). During
the 1980s a body of experience developed in interpreting Food and Agricul-
tural Organization data, historical records (Richards, Olson, and Rotty 1983),
satellite imagery (Woodwell 1984), and trends that has led to greater confi-
dence in the analyses (Houghton et al. 1985). The carbon released in 1980
through changes in the area of forests globally was originally estimated to
range between 0.9 and 2.5 billion tons. When Detwiler and Hall (1988)
reanalyzed virtually the same data, they extended the lower end of the
range for 1980 to 0.4 billion tons. More recent estimates covering the 1980s
(Myers 1990; Houghton 1990a,b,c;) suggest that the net flux from these
changes is probably closer to the upper end of the range. There is reason to
question whether the current flux from higher latitudes remains low, but
few direct measurements of changes in land use are available (Melillo et al.
1988). Improved global measurements will come from applications of satel-
lite imagery, only now beginning to be applied to this purpose (Grainger
1983; Woodwell, ed. 1984).

For more than a century, global deforestation has contributed signifi-
cantly to the accumulation of carbon dioxide in the atmosphere. Houghton
and Skole (1990) have estimated the total release of carbon globally from
deforestation (including reforestation) between 1850 and 1985 at 100 to 130
billion tons—a narrowing of the range of an earlier estimate for the same
period (62 to 228 billion tons) made by Houghton et al. (1983) and Richards
et al. (1983). The release from combustion of fossil fuels during the same 135
years is thought to have been about 190 billion tons of carbon.

The current annual rate of release of carbon from deforestation is calcu-
lated on the basis of net deforestation over an area estimated at approxi-
mately 11 million hectares, all in the tropics. There is reason to question
whether this basis remains accurate, because a substantial harvest of old-
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growth stands is occurring in the northern coniferous forests of North
America, Europe, and Asia. In addition, forests over extensive areas are
being impoverished as a result of the cumulative effects of industrial toxins,
ozone, and acid rain (Woodwell 1990). All these effects contribute to a loss
of carbon stocks from forests and soils, but the magnitude of these changes
has not been appraised. Whatever the effects of human activities on temper-
ate- and boreal-zone forests, effects on tropical forests globally are more
serious and present a threat to the earth as a whole and to human welfare.

One estimate of the annual rates of release of carbon from forests be-
tween 1850 and 1980 appears in exhibit 5-2.

CHANGES IN METABOLISM

The most conspicuous, short-term effect of forests globally is the extent
of their control over the carbon dioxide content of the atmosphere as re-
corded in the data on the seasonal trends in the carbon dioxide content of
air at the Mauna Loa Observatory and elsewhere (Keeling et al. 1989). At

EXHIBIT 5-2. The Net Annual Flux of Carbon from Deforestation in
Tropical and Temperate Zones Globally from 1850 to 1980
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Mauna Loa during the summer months the photosynthesis of forests in the
northern hemisphere becomes the dominant influence and reduces the car-
bon dioxide content of the atmosphere by about 5 parts per million (ppm).
During winter, respiration dominates and restores the carbon dioxide re-
moved during the summer. The process has been summarized by Woodwell
(1983) and explained in greater detail by Houghton (1987a,b), who showed
that forests control these shifts. Globally there is an annual flux of carbon
through the plants, animals, and decay organisms on land of more than 100
billion tons, approximately one-eighth of the atmospheric burden. Any
modification of that flux could appreciably alter the composition of the
atmosphere. Most of the flux occurs through forests because forests are so
large and carry on such a large fraction of the global metabolism on land.
Climatic changes or even changes in the weather can cause rapid changes in
the pools of carbon held on land and in the fluxes between major pools.

The most important biotic changes may involve immediate shifts in the
ratio of gross production (total photosynthesis) to total respiration locally,
regionally, and globally. A global warming will affect the balance between
the approximately 100 billion tons of carbon that enter green plants annu-
ally through photosynthesis on land and the 100 billion tons that are re-
leased annually through respiration. Over the past 15 years the annual net
accumulation of carbon in the atmosphere has amounted to about 3 billion
tons, and a 1 percent change in either metabolic process will have important
implications for the composition of the atmosphere in a short time. Because
it will appear as a small incremental change in a large stock of carbon
distributed very widely, a change in the atmosphere as a result of photosyn-
thesis and respiration will be much more difficult to measure than the change
resulting from diminished areas of forest.

Photosynthesis is affected by many factors, particularly the availability
of energy as light and the availability of water and nutrients. Respiration
also is affected by many factors, including the availability of water, but
respiration is particularly sensitive to temperature. No such sensitivity to
temperature exists for photosynthesis. That observation alone suggests that
a global warming will speed the decay of organic matter globally without
appreciably affecting photosynthesis. A significant fraction of the total res-
piration is in the middle and higher latitudes where the warming is ex-
pected to be greatest—enough to affect the composition of the atmosphere
significantly. If, for example, we assume that a warming of 0.5 degree C has
occurred globally and that in the forested middle latitudes the warming
approaches two times the mean for the earth as a whole, these latitudes
might experience an increase in respiration of 5 to 20 percent. The increase
might apply to 20 to 30 percent of the global total of respiration on land. If
there were no compensation through increased storage, the excess release
from the warming already experienced could be 1 to 6 billion tons of carbon
annually. This release, if it is realized, would be a new release stimulated by
the warming itself, and would be of the same order as the other major
releases of heat-trapping gases and deforestation.
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The release of carbon from changes in the rate of respiration could
fluctuate appreciably. Between 1963 and 1988 the annual rate of accumula-
tion of carbon dioxide in the atmosphere was about 1.5 ppm, equivalent to
a global accumulation of about 3.0 billion tons of carbon in the atmosphere.
More recently, the rate of accumulation as recorded at Mauna Loa and at
the South Pole increased to a peak of about 2.4 ppm per year (about 5 billion
tons of carbon), according to the record maintained by Charles D. Keeling of
the Scripps Institution of Oceanography. Keeling expected at first that the
surge would prove transitory, as a lesser surge did in 1973-74. The rate of
accumulation has in fact dropped to about 4 billion tons annually. The
surge in this instance is consistent with a stimulation of respiration by the
warming that marked the late 1980s.

Houghton (1990d) has offered a complicated explanation of hitherto
unresolved questions concerning the fluxes of carbon between the biota and
the atmosphere, as defined previously by use of oceanic models and isoto-
pic ratios as well as by measurements of rates of change in the area of
forests. He suggests that the puzzling conflict in interpretations of the glo-
bal carbon cycle derived from these different methods, which led to the
assumption that there is “missing carbon” in the global cycle, can be re-
solved by recognizing (1) that the different measurements address different
fluxes of carbon and (2) that carbon fluxes are correlated with temperature
(in warmer periods, carbon accumulates in the atmosphere; in cooler peri-
ods, carbon accumulates on land). Such a correlation reinforces the conclu-
sion that respiration is the most sensitive metabolic process, responds rap-
idly to changes in temperature, and determines, throughout a wide range of
temperatures, whether the land gains or loses carbon in its continuous ex-
changes with the atmosphere. According to these analyses a rapid warming
can be expected to release significant additional quantities of carbon as
carbon dioxide and methane into the atmosphere, simply by increasing rates
of respiration of plants and organic matter in soils, swamps, and bogs. This
point, which has previously been made in a different form (Woodwell 1983
and 1988), is important because it means that a warming feeds a further
warming: as forests are destroyed, the earth warms more rapidly and the
warming destroys additional forests.

Will the Warming Produce Greater Areas of Forests?

Is there any basis for expecting an increase in the area of forests, and
thus an increase in storage of carbon on land, as the earth warms? Will not
the warming, for example, open new lands in high latitudes to forests and
result in the spread of forests into regions now tundra?

Such changes may occur, but forests require decades to centuries to
develop, especially where the soil is thin and nutrients are in short supply.
Forests also require climatic stability, sources of seeds, and the accumula-
tion of sufficient stocks of nutrients in soils and plants to support a forest.
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The climatic transitions under way at the moment are rapid by any measure
and are expected to continue indefinitely. They do not offer the conditions
under which forests develop on new lands and remain for long periods.

Is it possible that existing forests or tundra will be stimulated to store
additional carbon in plants and soils as the warming progresses? Perhaps.
The boreal forest and other coniferous forests may be sufficiently resilient to
respond to a warming by increased periods of photosynthesis and increased
growth. Whether carbon will be stored or simply released through increased
rates of respiration remains an open question. There is also the possibility
that the tundra, warmed, will respond in surprising ways, including in-
creased primary production and storage of carbon in peat. Much will hinge
on the availability of water. A wetter tundra might store additional carbon
in soils; a drier tundra might release it through the decay of organic soils
long frozen or normally frozen throughout much of the year. Botanist W.
Dwight Billings (1987) believes that the warming will speed the decay of
peat in soils of the tundra and result in that ultimate breakdown ecologists
describe as “thermal karst erosion,” which eats away the landscape in acre-
size chunks. The result is not only devastation of the tundra but the release
of carbon as carbon dioxide and methane from the substantial reserves of
organic matter in the deep peat of the tundra.

The overall response of the earth to rapid warming could be a net
additional release of carbon into the atmosphere, because total respiration is
stimulated more than gross photosynthesis. The magnitude of the release
will hinge on the rate of warming: the more rapid the warming, the larger
the release. This relationship is consistent with, but not proven by, data
from the Vostoc Core, a section of ice of the Antarctic glacial cap that dates
back 160,000 years (Bannola et al. 1987). Data from this core show that
temperature, carbon-dioxide concentrations, and methane concentrations in
the atmosphere were closely correlated with one another over that period.
As temperatures rose, so did the carbon dioxide and methane concentra-
tions; as temperatures dropped, so did the concentrations of these gases
(Lorius et al. 1988). The evidence is consistent with the hypothesis that
forests determine the composition of the atmosphere in the short run of
years to decades (Houghton and Woodwell 1988).

A more complicated aspect of global warming is the rapid increase in
the amount of methane in the atmosphere—about 1 percent per year. The
increase is significant, because methane is, molecule for molecule, 20 times
more effective than carbon dioxide in trapping heat. Methane is a product
of respiration in places where oxygen is limited. Soils, especially wet soils,
including marshes, swamps, and bogs, are probably the main source of
methane globally. The warming that has already occurred has without ques-
tion stimulated anaerobic decay as well as aerobic decay and is probably the
main cause of the increased rate of release of methane. Although other
contemporary arguments favor cattle, rice paddies, and dumps as the main
sources of methane, ecologists suggest that we are already observing biotic
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feedbacks from the warming that has already occurred (Woodwell 1988;
Khalil and Rasmussen 1989). That soils are the major source of methane is
supported by year-to-year differences in the rate of its atmospheric increase.
During the strong El Nifio/Southern Oscillation (ENSO) of 1982-83, meth-
ane concentrations increased less than they had in recent years. Because the
areas in rice production and the number of ruminants did not fluctuate
during this interval, the variation was probably due to different regimes of
temperature and moisture in those ecosystems influencing the air sampled
by the monitoring station.

A further, much larger, source of methane apparently exists in clath-
rates vulnerable to sudden instability as shallow seas warm (MacDonald
1990).

What Can Be Done to Slow the Accumulation of
Heat-Trapping Gases?

The immediate need is to stop the continuous increase in the green-
house gas content of the atmosphere. There is no alternative. Delay works
rapidly through positive feedbacks to make the challenge more difficult
and, ultimately, beyond any control mechanisms now visualized.

For more than a decade, no matter what the emissions are from fossil
fuels, deforestation, or any of the feedbacks, 3 billion tons of carbon as
carbon dioxide have been accumulating in the atmosphere each year. If the
current releases were reduced by 3 billion tons, the atmospheric content of
carbon dioxide would be stabilized for a few years. The rate at which the
oceans absorb atmospheric carbon dioxide is determined by the difference
in concentration between the atmosphere and the surface waters of the oceans.
If the emissions were reduced, the gradient between atmosphere and oceans
would be reduced slowly over several years. As the gradient declined and
the oceans absorbed less, there would be a need to reduce emissions further
to avoid a further increase in the atmosphere.

The largest source of the emissions is carbon dioxide from combustion
of fossil fuels—currently about 5.6 billion tons of carbon per year. Because
the industrialized nations contribute about 75 percent of these emissions,
steps toward stabilizing the composition of the atmosphere must begin in
the industrialized world. A recent study by Jose Goldemberg of Brazil and
colleagues from various nations, carried out under auspices of the World
Resources Institute, suggests that a program of conservation and improved
efficiency alone could cut the consumption of energy from fossil fuels in the
developed countries in half (Goldemberg et al. 1987a and 1987b). Although
the developing nations contribute less carbon dioxide to the atmosphere at
present, their contributions are growing, and, if economic development fol-
lows conventional patterns, could be much larger. The second step toward
stabilizing the atmospheric content of infrared absorptive gases will require
innovations in economic development that remove dependence on increased
use of fossil fuels.
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Can Reforestation Be Used to Remove Carbon from the
Atmosphere, at Least Temporarily?

Although the suggestion that planting trees will help solve the problem
is correct, the objective is the removal of carbon from the atmosphere and its
storage for decades to a century or more. Such an objective requires the
reestablishment of forests. The mere planting of trees does not build forests
with their capacities for storing carbon in soils as well as plants, for absorb-
ing and recirculating nutrient elements, and for regeneration after distur-
bance. An area of 1 to 2 million square kilometers in forest on fertile soils is
required to store 1 billion tons of carbon annually (Woodwell 1988; Marland
1988). The forest will continue to store carbon at that rate for several de-
cades, possibly a century or more, until gross photosynthesis is approxi-
mately balanced by the total respiration of the forest.

The establishment of plantations is a step in the right direction, but
plantation forestry is primitive in most applications, the forests are vulner-
able to fire and disease, and the expense of planting is so great that the
forests must be harvested systematically to warrant the investment. The
objectives in establishing plantations for the purposes described here are
commonly antithetical to the objective of accumulating carbon stocks in
forests and soils and preserving those stocks for a century or more. Planta-
tions are commonly established with early harvest in mind, not with the
objective of reestablishing a fundamental biotic unit that will stabilize the
landscape, preserve biotic resources, and help to control the composition of
the atmosphere. The reestablishment of forests designed to persist for a
century or more requires more knowledge and effort than are usually avail-
able for establishment of plantations of trees.

Impoverished land is no better for forests than for agriculture. The richer
the land, the more rapid the growth of forest plants and the greater the
storage of carbon. Because it is unlikely that large areas of productive land
can be made available for reforestation (most productive land in countries
such as India is in intensive agriculture), the first objective in management
of forests clearly must be the cessation of deforestation, including the de-
struction of the world’s remaining primary (old growth) forests. However
attractive they may appear initially, efforts at reforestation seem destined to
play a secondary role. Moreover, efforts assume the stability of climate, an
assumption increasingly in doubt.

Nonetheless, throughout much of the world, abandoned land is refor-
ested in time through normal, natural successional processes, a subject that
has been the core of much research and analysis in ecology (Clements 1928;
Oosting 1958). Succession, however, requires several conditions: sources of
seeds must be available, and soil, mineral nutrients, and climate must be
suitable. In large areas of the tropics, deforestation leads quickly to degra-
dation of soils, loss of nutrients, and even such profound changes in the site
that it will no longer support forest. Forests, once destroyed over large
areas, do not necessarily recover naturally. Massive reforestation programs
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will be expensive, difficult to execute, and slow to become effective. They
are in competition with agriculture, which offers earlier financial reward
and helps feed a human population that is expanding at 90 million people
annually. Reforestation programs cannot compensate for the continued re-
leases of carbon from the destruction of the remaining primary forests glo-
bally or, under any conditions imaginable at the moment, for the continued
use of fossil fuels as the primary source of energy for expanding the indus-
trialized world. Reforestation is nonetheless an ameliorating influence and
should be encouraged in every way.

What Steps Must Be Taken to Stabilize the
Composition of the Atmosphere?

No one remedy by itself is likely to stabilize the concentration of atmo-
spheric carbon dioxide; many efforts will have to be brought to bear simul-
taneously. If the surge in accumulation of carbon dioxide in the atmosphere
persists, the challenge in stabilizing the atmospheric burden will have risen
from 3 billion tons to 5 billion tons. In either instance, a combination of
several steps must be taken to reduce or stop the accumulation (WMO/
UNEP 1988):

® Global reduction in use of fossil fuels. The burning of oil and coal and
gas currently releases about 5.6 billion tons of carbon into the atmo-
sphere annually.

» Cessation of deforestation. Deforestation, according to current estimates,
releases 1 to 3 billion tons of carbon annually. The area deforested
annually is thought to be about 11 million hectares, but the estimate
is crude.

e Reforestation. The absorption of 1 billion tons of carbon annually into
a developing forest would require an area of 1 to 2 million square
kilometers (100 to 200 million hectares).

Each of these steps will have salutary effects quite apart from climatic
change. Improved efficiency in the use of energy, for example, which might
have been taken long ago with benefits to all, now would bring economic
and material advantages to individuals and nations. If the improved effi-
ciency enabled a significant reduction in reliance on fossil fuels, as it must,
emissions of sulfur and nitrogen oxides would be reduced; so would acid
deposition and the release of various other toxins. Halting deforestation
would help reduce biotic impoverishment globally (Woodwell 1990), main-
tain the genetic diversity of the planet, reduce erosion, stabilize local and
regional climates, cleanse water and air, and preserve opportunities for fu-
ture generations. Steps taken to reduce one problem help to reduce others.

A shift to reliance on enduring sources of energy is inevitable, and steps
taken now to speed that transition will be advantageous to everyone. The
steps can begin locally, although it is clear that the world must join in the
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effort if it is to be effective. International agreements will be appropriate,
but any step involving a reduction in use of fossil fuels will put increased
pressure on forests.

WHAT CAN THE INTERNATIONAL COMMUNITY DO?

The time has passed when forests in their entirety can be considered
local, regional, or even national resources to be managed for personal or
local interests. Forests are essential to the stabilization of climate globally; to
the management of water, land, and air regionally and locally; and to the
preservation of the terrestrial biota.

We have little experience in managing supranational resources and less
in recognizing and facilitating the transfer of private or national resources
in part or in whole to global status. Yet such a transfer is now required in
the common interest. Can it be effected?

On the surface the demand appears outrageous, and it will be consid-
ered so by landowners and nations, but the transfer of control need not be
complete or even specific for a particular forest. What is required is that a
forested landscape be preserved with segments in differing degrees of physi-
cal and biotic integrity and in varying stages of successional maturity. The
challenge is one of management: How can the landscape be managed to
keep its essential functions as a part of the biosphere intact while maintain-
ing its capacity for supporting people? The challenge is hardly new. The
hills of Attica were deforested in Pliny’s time and the depredations were
deplored then. Is there a way now of managing forests and land to support
people without the progressive biotic impoverishment that has marked the
advance of civilization throughout time?

The issue is highly political as well as technically complex. One of the
key issues is the unit of management. An appropriate area for the unit will
hinge on the objectives in management as well as on details of ecology.
Management to preserve wolves and mountain lions in eastern North America
requires much larger areas than management to preserve plant communi-
ties or species of trees. The issue becomes one of regional planning on the
basis of ecological, as opposed to short-term economic, principles. Such a
transition in the basis of management will not come easily. Avarice is in-
born; ecology is learned, usually slowly. Although history is not encourag-
ing, the need for a transition in management of land and water is so clearly
urgent that efforts are long overdue to move toward integrated programs of
management of terrestrial resources that will stabilize their yields and as-
sure continued availability for human support.

Forest management can no longer be separated from the larger question
of prevention of further accumulation of heat-trapping gases in the atmo-
sphere. The technical issue is straightforward: the earlier the composition of
the atmosphere can be stabilized as the first step in stabilizing the surge in
the temperature of the earth, the greater the chance of success and the less
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the disruption of the human enterprise. The longer we wait for effective
action, the more difficult the stabilization becomes. Scientists see the transi-
tion as urgent, but politicians have been slow to respond to the urgency.
Any action that affects the availability of resources is disruptive, but failure
to act has the potential for continuous climatic disruptions of even more
serious dimensions.

The directions in economic development that must be favored are clear
enough. The ways in which international development agencies should
pursue those objectives are less clear and will probably differ from place to
place. Nor is it clear that the objectives can be separated from the necessity
for limiting the growth of populations to avoid further mining of essential
resources simply to support the new mouths, let alone the people here now.
Success will hinge on local support, and that support depends on under-
standing both the problem and the solutions.

In the pragmatic world of contemporary politics and economics, devel-
opment agencies might start with comprehensive grants for education and
science, coupled with a search for innovative ways of shifting away from
fossil fuels and toward efficiency in the use of energy, and toward increased
reliance on solar energy for domestic and industrial use. Such a program
will require the development of inexpensive solar energy systems that can
be widely distributed at low (or no) cost to the recipients.

At the same time there is a need for innovations in land use that will
make it clearly desirable and possible to keep forests intact over large areas
in the tropics and elsewhere. These innovations include adoption of appro-
priate technology that is benign to the environment, improved farming prac-
tices, a conservation approach to timber harvesting, and establishment of
sustainable production systems. The innovations might also include plan-
ning for control of land use to increase the utility of the land in supporting
people in the long run through the use of remotely sensed imagery com-
bined with geographical information systems. Such innovations are being
explored at the moment in Acre, Brazil, in association with the establish-
ment of forest tracts as “extractive reserves” to be used by rubber tappers
and others.

SUMMARY

The atmospheric content of the heat-trapping gases, carbon dioxide and
methane, has been increasing over the past two centuries as a result of
human activities. The major source of carbon dioxide is the combustion of
fossil fuels; the major source of methane is less certain, but fossil fuels
account for a large proportion. Both gases are products of respiration, the
biotic process that results in the breakdown of organic matter and the re-
lease of energy, heat, and water. Any activity, including the warming of the
earth, that increases rates of respiration above gross photosynthesis will
increase rates of emission of those gases.
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The composition of the atmosphere is determined by interactions among
large pools of carbon in the atmosphere, in forests and soils, in the oceans,
and in the fossil fuels now being mined and burned for energy. The ex-
changes among these pools are also large: about 5.6 million tons of carbon
annually are released into the atmosphere from combustion of fossil fuels; a
two-way flow of about 100 billion tons of carbon occurs between the atmo-
sphere and green plants on land; and a second two-way flow of about 100
billion tons occurs between the atmosphere and the oceans.

The pools of carbon held in forests and their soils are being systemati-
cally reduced by human activities. Deforestation is releasing between 1 and
3 billion tons of carbon by accelerating the rate of decay of organic matter
in trees and soils globally. The problem is aggravated by the effects of
pollution, which also are reducing forests over large areas. Scientists expect
the warming itself to increase rates of respiration, including the respiration
of plants and the organic matter in soils, thereby speeding the release of
carbon dioxide and methane from the large biotically controlled pools on
land. This latter effect, which is severe enough to accelerate the warming
significantly, adds urgency to efforts to stop the further accumulation of
heat-trapping gases in the atmosphere.

Forests and their soils contain about three times as much carbon as is
currently held in the atmosphere. If additional forests could be established
globally, carbon might be removed from the atmosphere and stored. A new
forest covering 1 to 2 million square kilometers, possibly more if soils are
poor, would be required to store annually 1 billion tons of carbon. The
forest would continue to store additional carbon annually throughout its
period of rapid growth, as much as 50 years. But the stabilization of the
atmosphere at the moment with respect to carbon dioxide would require
the reduction of current release rates of carbon dioxide by 3 to 5 billion tons
of carbon. In a few years additional reductions in releases would be re-
quired. If a devastating, open-ended warming of the earth is to be avoided,
the use of fossil fuels should be cut as soon as possible by at least 60 per-
cent, deforestation should cease, and reforestation should be vigorously
pursued. The sooner these steps are taken, the cheaper they will be and the
greater the probability of success in stopping the warming,.

REFERENCES

Barnola, ]. M., D. Raynaud, Y.S. Korotkevich, and C. Lorius. 1987. “Vostok Ice Core Provides 160,000-
Year Record of Atmospheric CO,.” Nature 329(6138):408~-14.

Billings, W.D. 1987. “The Carbon Balance of Alaskan Tundra and Taiga Ecosystems: Past, Present,
and Future.” Quaternary Science Reviews 6:165-67.

Bolin, B. 1977. “Changes of Land Biota and Their Importance for the Carbon Cycle.” Science 196:613—
15.

Clements, F.E. 1928. Plant Succession and Indicators. Washington, D.C.: Carnegie Institution of Wash-
ington.

Detwiler, R.P,, and C.AS. Hall. 1988. “Tropical Forests and the Global Carbon Cycle.” Science
239:42-50.



90 MANAGING THE WORLD'S FORESTS

Goldemberg, ., T.B. Johansson, A.K.N. Reddy, and R.H. Williams. 1987a. Energy for a Sustainable
World. Washington, D.C.: World Resources Institute (WRI).

. 1987b. Energy for Development. Washington, D.C.: WRIL

Grainger, A. 1983. “Improving the Monitoring of Deforestation in the Humid Tropics.” In Tropical
Rain Forest: Ecology and Management, eds. S.L. Sutton, T.C. Whitmore, and A.C. Chadwick.
Special Publication No. 2 of the British Ecological Society.

Houghton, J.T., CJ. Jenkins, and J.]. Ephraums. 1990. Climate Change: The IPCC Scientific Assessment.
Cambridge, Eng.; Cambridge University Press.

Houghton, R.A. 1987a. “Terrestrial Metabolism and Atmospheric CO, Concentrations.” BioScience
37:672-78.

- 1987b. “Biotic Changes Consistent with the Increased Seasonal Amplitude of Atmospheric
Co, Concentrations.” Journal of Geophysical Research 92:4223-30.

- 1990a. “The Future Role of Tropical Forests in Affecting the Carbon Dioxide Content of the
Atmosphere.” Ambio 19:204-09.

. 1990b. “The Long-Term Carbon Flux Between Terrestrial Ecosystems and the Atmosphere
as a Result of Changes in Land Use.” Oak Ridge, Tenn.: Carbon Dioxide Information Analysis
Center, Oak Ridge National Laboratory.

. 1991. “Tropical Deforestation and Atmospheric Carbon Dioxide”. Climatic Change 19:99-
118.

. 1990c. “Emissions of Greenhouse Gases.” In Deforestation Rates in Tropical Forests and Their
Climatic Implications, ed. N. Myers. London: Friends of the Earth.

. 1990d. “Terrestrial Ecosystems in the Global Carbon Balance: Changes over the Last 135
Years.” Unpublished manuscript.

Houghton, R.A., ].E. Hobbie, ]. M. Melillo, B. Moore, B.]. Peterson, G.R. Shaver, and G.M. Woodwell.
1983. “Changes in the Carbon Content of Terrestrial Biota and Soils between 1860 and 1980: A
Net Release of CO, to the Atmosphere.” Ecological Monographs 53:235-62.

Houghton, R.A., W.H. Schlesinger, S. Brown, and J.F. Richards. 1985. “Carbon Dioxide Exchange
between the Atmosphere and Terrestrial Ecosystems.” In Atmospheric Carbon Dioxide and the
Global Carbon Cycle. Washington, D.C.: Department of Energy.

Houghton, R.A., and D.L. Skole. 1990. “Carbon.” In The Earth Transformed by Human Action, ed. B.L.
Turner. New York: Cambridge University Press.

Houghton, R.A., and G.M. Woodwell. 1988. “Global Climatic Change.” Scientific American (April):36—
44.

Keeling, C.D., R.B. Bacastow, A.F. Carter, 5.C. Piper, T.P. Whorf, M. Heimann, W.G. Mook, and H.
Roeloffzen. 1989. “A Three Dimensional Model of Atmospheric CO, Transport Based on Ob-
served Winds: 1. Analysis of Observational Data.” Geophysical Monograph No. 55. American
Geophysical Union.

Khalil, M.A.K.,, and R.A. Rasmussen. 1989. “Climate-Induced Feedbacks for the Global Cycles of
Methane and Nitrous Oxide.” Tellus 41B:554-59.

Leggett, . 1990. Global Warming: The Greenpeace Report. London: Oxford University Press.

Lorius, C., N.I. Barkov, J. Jouzel, Y.S. Korotkevich, V.M. Kotlyakov, and D. Raynaud. 1988. “Antarc-
tic Ice Core: CO, and Climatic Change over the Last Climatic Cycle.” EOS, 681-84.

MacDonald, G.J. 1990. “Role of Methane Clathrates in Past and Future Climates.” Climatic Change
16:247-81.

Marland, G. 1988. “The Prospect of Solving the CO, Problem through Global Reforestation.” U.S.
Department of Energy NBB-0082 ORNL.

Melillo, .M., J.R. Fruci, R.A. Houghton, B. Moore, and D.L. Skole. 1988. “Land Use Change in the
Soviet Union between 1850 and 1980: Causes of Net Release of CO, in the Atmosphere.” Tellus
40B:116-28.

Myers. 1990. Deforestation Rates in Tropical Forests and Their Climatic Implications. London, Eng.:
Friends of the Earth.

Oosting, H.J. 1958. The Study of Plant Communities. San Francisco: W.H. Freeman and Co.

Richards, J.F., ].S. Olson, and R.M. Rotty. 1983. “Development of a Data Base for Carbon Dioxide
Releases Resulting from Conversion of Land to Agricultural Uses.” ORAU/IEA-82-10(M), ORNL/
TM-8801. Oak Ridge, Tenn.: Oak Ridge National Laboratory.



THE ROLE OF FORESTS IN CLIMATIC CHANGE 91

WMO. 1990. World Meteorological Association. World Climate Conference, Geneva, November.

WMO/UNEP. 1985. “Conference Statement: International Assessment of the Role of Carbon Diox-
ide and of Other Greenhouse Gases in Climate Variations and Associated Impacts.” Villach,
Austria, October 9-15, 1985.

. 1986. “Report of the International Conference on the Assessment of the Role of Carbon
Dioxide and Other Trace Gases in Climate Variations and Associated Impacts.” Villach, Austria,
October, 1985. WMO 661.

. 1988. “Developing Policies for Responding to Climatic Change: A Summary of Discussions
and Recommendations of Workshops Held in Villach and Bellagio, 1987.”

Woodwell, G.M. 1983. “Biotic Effects on the Concentration of Atmospheric Carbon Dioxide: A
Review and Projection.” In Changing Climate. Washington, D.C.: NAS Press.

. 1988. “The Warming of the Industrial Middle Latitudes, 1985-2050: Causes and Conse-
quences.” Prepared for the Symposium, Developing Policies for Responding to Future Climatic
Change, held in Villach, Austria, September 1987. Climatic Change 15:31-50.

- ed. 1984. The Role of Terrestrial Vegetation in the Global Carbon Cycle: Measurement by Remote
Sensing. New York: John Wiley and Sons.

. ed. 1990. The Earth in Transition: Patterns and Processes of Biotic Impoverishment. New York:
Cambridge University Press.

Woodwell, G.M., ].E. Hobbie, R.A. Houghton, ].M. Melillo, B. Moore, B.]. Peterson, and G.R. Shaver.
1983. “Global Deforestation: Contribution to Atmospheric Carbon Dioxide.” Science 222:1081-
86.

Woodwell, G.M., and R.A. Houghton. 1977. “Biotic Influences on the World Carbon Budget.” In
Global Chemical Cycles and Their Alterations by Man, ed. W. Stumm. Dahlem Konferenzen, Berlin.

Woodwell, G.M., R.H. Whittaker, W.A. Reiners, G.E. Likens, C.C. Delwiche, and D.B. Botkin. 1978.
“The Biota and the World Carbon Budget.” Science 199:141-46.






6

Forest-Based Industrialization:
A Dynamic Perspective

Jeffrey R. Vincent and Clark S. Binkley

C an industrialization based on forest resources be used to stimulate eco-
nomic growth and development? Once there was great hope that the
capital contained in forests, and the forward and backward linkages of the
forest-products industry, would make this sector an especially appealing
target for industrialization and development aid (Westoby 1962). But many
industrialization programs for the sector failed to achieve these objectives
(Westoby 1978, 1985; Gillis 1980; Douglas 1983). More recently, even eco-
nomically successful forest-based development projects have confronted
heightened environmental concerns. These concerns range from the fate of
old-growth forests, particularly those in the tropics, to the biodiversity con-
sequences of forest plantations, particularly those using exotic species.

In view of these economic and environmental problems, does forest-
based industrialization still have a role to play in development? We believe
it does. Many of the past problems, both environmental and economic, can
be traced to inappropriate macroeconomic and sector-specific policies.
Government policies have tended to foster an unstable macroeconomic en-
vironment, to keep wood artificially cheap, and to direct investment toward
inefficient processing industries. The results have been physical (as opposed
to economic) depletion of forests, inadequate management of natural for-
ests, limited establishment of plantations, and underutilized processing ca-
pacity. These policies neither serve economic development nor preserve
socially important environmental values. If the right policies are followed,
however, forest-based industrialization can provide an important source of
employment and income and can promote conservation by enabling forests
to outcompete alternative land uses.
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Because we view forest-sector policies as a key determinant of project
success, in this chapter we address these issues from the standpoint of the
sector rather than that of the individual project. We derive conclusions from
both theoretical and empirical analyses.'

A DYNAMIC THEORY OF FOREST-SECTOR DEVELOPMENT

The few previous attempts to analyze forest-based industrialization as a
development strategy have generally neglected the key dynamic aspects of
the sector. The dynamics of forest-based industrial development are inter-
twined with the dynamics of the forest itself. We trace resource and indus-
try dynamics in a conceptual model of a developing country that is initially
forest-rich. We consider closed- and open-economy variants of this model
and, in the latter case, explore the implications of the size of the country’s
forest sector in a global context.

The annex to this chapter contains the details of this theoretical analysis.
Because the conceptual framework that arises from the theory is essential
for making sense of the complex real-world dynamics of the forest sector,
we summarize here the main points developed in the annex.

Industrialization typically begins with an unexploited old-growth forest.
The principles of forest ecology dictate that timber growth in such forests is
nil, as mortality just balances any net photosynthetic activity. Under such
circumstances, any level of harvest will exceed growth, and the inventory of
timber will decline. Ecological capital contained in the form of timber is
converted to economic capital which can be used in the development pro-
cess. The area of forest also will decline as land is converted to agriculture
and other uses yielding higher economic returns.

The simple facts that harvests are greater than growth, that the inven-
tory is declining, and that deforestation is occurring do not necessarily im-
ply that exploitation is unsustainable. What matters are the adjustments in
economic and ecological systems that are induced by the decline in timber
inventory. Timber (stumpage) prices play a key role in signaling increased
scarcity and inducing the necessary adjustments. If the stumpage market
operates efficiently, rising stumpage prices create incentives to sustain a
permanent forest area, albeit one that is smaller than the country’s original
endowment and one that may be too small if nonmarket values are not fully
considered. Timber growth will increase as inventories decline, possibly
increasing to the point at which growth equals harvest and the system tracks

' This chapter does not review or forecast production, consumption, and trade of
forest products. Able reviews of global trends are provided by Sedjo (1987) for
commercial forest resources and Francescon, Nagy, and Kornai (1983) for trade
flows. Forecasts are provided by Kallio, Dykstra, and Binkley (1987) and, with an
emphasis on the Pacific Rim, Cardellichio et al. (1989). Stumpage price forecasts are
compared by Binkley and Vincent (1988).
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a stable, sustainable path through time. Simultaneously, the processing sec-
tor will adjust to become more efficient in the use of wood.

Hence, the economically optimal development of the forest sector re-
quires conversion of land and capital embodied in old-growth forests. If
sustainable development is defined as nondeclining per capita utility (see
Pezzey 1989), then a country’s sustainable development is in fact enhanced
by conversion of forest land to more highly valued uses and by conversion
of ecological capital to economic capital.

This dynamic view has several important implications for managing the
sector, which the annex discusses in detail. In a closed economy, output will
decline, as will the ratio of labor per unit of output. Total employment in
the forest sector will decline unless downstream processing industries emerge.
The forest sector will shrink relative to the economy as a whole. Management
costs will increase, and the total rents available to support other govern-
ment activities will decline. Effective policies for the sector must anticipate
these dynamics.

The dynamics of the sector are just as important in an open economy.
“Pulse harvesting”—under which all of the commercially valuable timber is
removed over a very short period of time—may be the optimal economic
path for a small country facing essentially fixed world prices. Unlike the
case in a closed economy, the processing industry can expand using im-
ported timber if it enjoys comparative advantage.

CASE STUDIES

What circumstances call for policy intervention to guide development
of the forest sector? According to the theory in the annex, the rationale for
intervention is strongest in the case of nonmarket values, particularly those
associated with irreversibility. In the real world, however, policy interven-
tion is much more pervasive. Ownership of forests in developing countries
tends to be centralized under state or national governments. Stumpage fees
tend to be administratively determined rather than set by the forces of sup-
ply and demand, and those fees tend to understate actual stumpage values.
Because governments tend to be too impatient to wait for improvements in
comparative advantage, or feel unable to force trading partners to open
their markets, they attempt to accelerate expansion of wood-processing ca-
pacity through such protectionist measures as export restrictions on logs,
import restrictions on processed products, and manipulations of the ex-
change rate. Governments may also adopt these measures when they are
reluctant to acknowledge, or do not realize, that comparative advantage has
been lost—for example, when old-growth timber is running out and the
need to disinvest in processing capacity is emerging.

Given the prevalence of policy interventions, does our theory of forest-
sector development have any basis in reality? In the main body of this paper
we explore this issue by examining forest-based industrialization since the
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mid-1950s in three countries>—Peninsular Malaysia, Ghana, and Chile. These
countries collectively represent a range of conditions faced in the develop-
ing world today. One case study comes from each of the three major regions
of the developing world: Asia, Africa, and Latin America. The countries are
at various points along the old-growth/second-growth transition. Peninsu-
lar Malaysia is now logging old-growth forests. Ghana has completely logged
over its old-growth forests but has not developed its second-growth re-
source. Chile produces most of its logs from second-growth forests, espe-
cially plantations. Exhibits 6-1 to 6-3 show how the three countries compare
in terms of trends in roundwood production, domestic consumption share
for roundwood, and net exports of wood products.

The case studies illustrate the extent to which the dynamic adjustments
predicted by theory can be observed in the real world and, more important,
the consequences of policies that interfere with these dynamics. The key
questions addressed by the case studies are these: What are the consequences
of government policies that are targeted at short-term goals and fail to cre-
ate economic or political environments conducive to long-term thinking by
economic agents in the forest sector? Of policies that distort the trajectories
of stumpage prices? Of policies that promote industries that lack compara-
tive advantage?

EXHIBIT 6-1. Index of Roundwood Production
INDEX (1960 = 1)
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— — Peninsular Malaysia - - - Ghana —— Chile

? Peninsular Malaysia is a subnational unit (11 of the 13 states of Malaysia), but for
convenience we refer to it as a country.
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EXHIBIT 6-2. Roundwood Consumption Share
SHARE
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EXHIBIT 6-3. Net Exports Relative to GDP
SHARE
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Three themes emerge from the case studies:

1. Policies must be made with an awareness of the dynamic con-
text of the forest sector. Policies and policy-making processes must
be forward-looking and must be flexible enough to accommodate
the changing nature of the sector as a country develops.

2. Stumpage prices play a crucial role in facilitating the transition
of the forest sector from dependence on old-growth to second-
growth, and in coordinating processing capacity with timber stocks.
Policies related to timber harvesting and forest management must
ensure that the appropriate signals about scarcity are sent and
received.

3. Processing inevitably declines in a closed economy, and its
appropriate level in an open economy (how far to go into down-
stream processing?) depends on comparative advantage. Policies
related to processing industries must accommodate, not resist,
these constraints.

After elaborating the case studies in the next three sections, the final
section develops these policy prescriptions in more detail.

Peninsular Malaysia®

The forest sector in Peninsular Malaysia has grown rapidly during the
past three decades. Annual rates of increase in physical output between
1960 and 1987 averaged 6 percent for logs, 7 percent for sawnwood, and 20
percent for plywood. During this period, Peninsular Malaysia emerged as
the world’s leading exporter of hardwood sawnwood and a significant ex-
porter of plywood.

Old-growth timber was an important source of capital for the growing
economy. The stumpage value of forests harvested between 1966 and 1985
(estimated by Vincent 1990b) was equivalent to 7 percent of gross capital
formation in Peninsular Malaysia during that period. The percentage ranged
from 11 percent to 13 percent between 1969 and 1973, but declined to 3
percent by 1985 as capital was increasingly generated by growth in manu-
facturing sectors and by external borrowing.

 Young, Bussink, and Hasan (1980) and World Bank (1989b) were the primary
sources of information on overall economic development. The experience of one of
this chapter’s authors (Vincent) as a researcher and consultant in Malaysia was the
primary source of information on the forest sector. Additional sources include Kumar
(1986), Mohd. Shahwahid (1986), and Tang (1987).
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Despite this impressive performance, the outlook for the forest sector is
uncertain. Policymakers in Peninsular Malaysia are concerned about three
problems: a declining supply of logs from natural forests, overcapacity in
primary processing industries (particularly sawnwood), and limited devel-
opment of downstream industries (furniture, moldings). Peninsular Malaysia’s
predicament is a consequence of policies that distort timber prices and sup-
press scarcity signals. Insecure concessions, combined with low rent cap-
ture, have led to high rates of harvest and low rates of forest management.
Restrictions on log exports have kept domestic log prices artificially low
and raised the rates of return for investments in primary processing, thus
leading to overcapacity in these industries. What appears to be a thriving
industry in Peninsular Malaysia is tottering on a resource base that could
crumble as suddenly as it did in the neighboring Philippines.

Resource dynamics determine industry dynamics, and suppression of
the signals of resource scarcity affect both. When processing industries are
sheltered by protectionist policies, they generate only a low level of eco-
nomic value. This country study illustrates these two themes.

Forest Dynamics

Forest inventories in Peninsular Malaysia were completed in 1972 and
1982, and a new inventory is scheduled to begin in the early 1990s. In 1972,
62 percent of Peninsular Malaysia was forested, and 58 percent of the for-
ests were old growth. By 1982 forests had been reduced to 52 percent of
total land area. The proportion of old-growth forests also fell to 52 percent.
As of 1985, 36 percent of Peninsular Malaysia was designated as permanent
forest estate (PFE) to be maintained under forest cover.* Sixty percent of the
PFE—2.85 million hectares—was classified as productive forest, to be man-
aged for commercial timber production.

Assuming annual growth rates of 1.0 to 1.5 cubic meters (m?) per hect-
are, the annual sustained yield from Peninsular Malaysia’s productive PFE
is in the range of 2.85 to 4.28 million m®. In contrast, the harvest in 1989 was
12.1 million m>. Why is the harvest so much larger than sustained yield? We
emphasize two reasons here.” One is the drawdown of old-growth stocks
through the conversion of forests outside the PFE and the harvest of old-
growth timber within the PFE. The other is rent seeking.

“ The area of the PFE that is actually forested is unknown.

* A third reason is an “allowable cut effect” due to overly optimistic assumptions
about timber growth rates. The Forestry Department has reduced the recommended
rotation for forests managed under the even-aged (monocyclic) Malayan Uniform
System (MUS) from 70 to 55 years, and promoted adoption of an uneven-aged
(polycyclic) silvicultural system, the Selective Management System (SMS), which
has an even shorter cutting cycle of 30 years. These reductions in harvest cycles
seem motivated more by a desire to justify high current harvests than by the sound
application of the findings of silvicultural research.
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Conversion is driven by the expansion of rubber, oil palm, and, more
recently, cocoa plantations. The area of tree-crop plantations increased by
100 percent between 1966 and 1988, rising to 4.2 million hectares. Even if
harvests were restricted to the PFE and only an area consistent with sus-
tained yield were harvested each year, harvests would still exceed sustained
yield levels as long as the harvested area included some old-growth forests,
which carry higher stocks of saleable timber than do second-growth forests.

Ignoring environmental externalities,® a high rate of harvest due to old-
growth drawdown is worrisome only if there is evidence that responses to
timber scarcity do not occur. Increasing scarcity became evident as early as
the mid-1960s. Log prices rose 2.0 percent per year in real terms between
1966 and 1985. Trends in stumpage values would be a better indicator of
scarcity, but because government timber charges are determined adminis-
tratively rather than by a stumpage market, data for analyzing such trends
are not available. Stumpage values can be estimated indirectly, however,
from a log supply model presented in Vincent (1990b). Implicit resource
rents based on this model indicate that, despite increasing access costs as
logging has moved from lowland to hill forests, average stumpage values in
Peninsular Malaysia rose 1.7 percent per year in real terms between 1966
and 1985.

These rising stumpage values might have been expected to stimulate
investment in forest management and to dampen timber demand, but these
responses have not occurred because of low rates of government rent cap-
ture and insecure concession tenure. Ownership of natural forests in Penin-
sular Malaysia is vested in each of the 11 states on the peninsula. Yet the
states have not responded like a private owner because the timber fees they
receive understate rises in stumpage value. Low rates of rent capture were
pointed out in the 1960s and 1970s by Teo (1966) and Sulaiman (1977), and
more recently by Gillis (1988b) and Vincent (1990b). Vincent (1990b) esti-
mated that forest revenue systems in Peninsular Malaysia, which include a
combination of royalties assessed on extracted logs and premiums assessed
on concession area, captured only about a fifth of the stumpage value of
forests harvested between 1966 an 1985.7 Timber charges in most states of
Peninsular Malaysia remained unchanged from the early 1970s (when roy-
alties were nominally based on 10 percent of the f.o.b. [free on board] log
price) until the mid-1980s. In real terms, the average government timber

¢ Of course, environmental costs have been incurred during the old-growth draw-
down. For example, little of the country’s biologically rich, lowland rain forest re-
mains.

7 Concessions are occasionally tendered (auctioned) in several states. In one of
these states, Pahang, information on concessions auctioned in 1989 imply that roy-
alties and premiums captured only 24 percent of the rent, which corroborates Vincent's
(1990b) indirect estimate of rent capture for Peninsular Malaysia as a whole.
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charge (sum of royalties and premiums expressed on a per cubic meter
basis) between 1966 and 1985 rose only 0.9 percent per year—scarcely half
the rate of stumpage value increase.

Concessionaires have also failed to act as owners, because concession
contracts do not serve as proxy for private ownership.? Concession contracts
tend to be much shorter than harvest cycles; small concessions are granted
for periods of 6 months to 10 years, whereas long-term agreements typically
last 25 to 30 years. As explained in the annex, however, as long as rights to
concessions are exclusive and transferable, the length of the contract is es-
sentially irrelevant from the standpoint of forest management. What is more
important is that concessions in Peninsular Malaysia are allocated on the
basis of political patronage. Low rent capture makes concessions a valuable
perquisite for those in positions of political power. It is not uncommon for
concessions to be revoked after elections, and criteria for their renewal are
unclear. Because concessions are generally not well documented, they can-
not easily be enforced legally. Simply increasing the normal length of con-
cessions would not increase concessionaires’ interest in forest management,
as it does not overcome these more fundamental problems.

Rent seeking, combined with concession insecurity, provides the sec-
ond reason that harvests exceed sustained yield. The failure of timber charges
to parallel the rise in stumpage values has increased the returns to rent
seeking in the forest. Hence, concessionaires log at higher than optimal
rates, as they rush to cash in their increasingly valuable but insecure assets
before they are taken away.’ Because the stumpage price mechanism has
been disabled, timber demand intensifies rather than slackens.

On the supply side, little investment has been made by either the public
or private sectors in timber plantations. The most substantial effort by the
government to establish plantations is the Compensatory Plantation Pro-
gram (CPP), which was initiated in the early 1980s. The CPP seems to have

# Concessionaires’ reluctance to invest in forest management is also affected by
the lack of scientific consensus about silvicultural systems for Peninsular Malaysia’s
forests. The MUS apparently worked well in lowland forests, but most of these
forests have long since been converted to tree-crop plantations. Poor regeneration
when the MUS was applied in hill forests and a desire to shorten the harvest cycle
promoted development of the SMS. A number of Malaysian silviculturists are now
skeptical about growth and yield prospects under the SMS, and they have called for
return to an even-aged system like the MUS (Tang 1987).

* Moreover, uncertainty over concession tenure leads concessionaires to adopt a
“repeated entry” approach to harvesting. In an effort to maximize expected profits
during the uncertain but anticipated short length of concession tenure, a concession
is first creamed for its most valuable trees. During the next political timber cycle,
residual but commercially valuable stems will be harvested by the same concession-
aire, if he is lucky enough to retain control, or by a new one if he is not. Such
repeated entry can devastate regenerating seedlings, saplings, and poles.
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been motivated more by a misguided “allowable cut effect” rationale and
by rivalry between agricultural and forestry agencies than by sound eco-
nomics. Although the principal species promoted by the CPP, Acacia mangium,
was claimed to be capable of producing utility-grade timber for sawnwood
at prodigious rates, its biological suitability for Peninsular Malaysia and the
marketability of products made from it were poorly researched. (In other
countries, a thorough research program has been found to be crucial to
successful industrial plantation projects funded by the World Bank [1986b].)
Acacia mangium has proved susceptible to a number of unforeseen pests and
pathogens, and it is selling only as low-priced chips. State and federal for-
estry departments’ eagerness to embrace the unproven plantation program
seems to have stemmed from the program’s usefulness for justifying contin-
ued high rates of harvest of the natural forest. Moreover, high rates of
return (on paper, anyway) for the CPP gave these departments a justifica-
tion for retaining supervision of logged-over forests rather than seeing them
transferred to competing departments responsible for establishing tree-crop
plantations.

In summary, Peninsular Malaysia demonstrates a policy-induced break-
down of the stumpage price mechanism, which is crucial for facilitating the
transition from old growth to second growth. Although some old-growth
forests still remain, harvest behavior is more consistent with the early draw-
down stage in which the only forests are old-growth forests."

Industry Dynamics

It is convenient to analyze the development of processing industries in
Peninsular Malaysia before and after 1972, the year in which log exports
began to be restricted." Log exports amounted to only 21 percent of log
production between 1970 and 1972. Despite marked increases in log produc-
tion, their quantity had actually decreased during this period. Between 1960
and 1972, however, production of sawnwood had increased more than three
times and production of plywood (starting from a much lower level) more
than 160 times. Consequently, competition for logs became more intense:
between 1960 and 1972, log prices increased 5.1 percent per year in real
terms.

The wood-processing industry sought relief from the government, and
in 1972 the government complied by banning the export of logs in 10 of the

10 Effects of the impending timber shortfall might be mitigated by the develop-
ment of an unexpected and potentially quite substantial source of timber: rubber
plantations. In 1989, 1.5 million m? of roundwood was harvested from rubber plan-
tations. This species has enjoyed a rapid increase in popularity for low- and
medium-quality furniture in both domestic and international markets.

" An export tax of 10 percent was imposed on logs in 1970, but the protective
impact of this tax was exactly offset (assuming perfectly elastic demand and a 50
percent recovery rate) by export taxes of 5 percent on sawnwood and plywood.
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most popular species groups and by raising the export tax on remaining
species to 15 percent. These restrictions immediately cut log exports by
more than half. The government strengthened the restrictions in succeeding
years. Exports of additional species were banned in 1973, 1978, 1979, and
1983. The export taxes on sawnwood and plywood were repealed in 1974,
and the export tax on logs of species still permissible to export was raised
to 20 percent in 1980. As of January 1, 1985, exports of all logs other than
those of small diameter were banned altogether.

Before these policies were enacted, the development of wood-process-
ing industries probably had proceeded more or less efficiently. The failure
of timber charges to capture resource rents had had little effect on mills,
which paid world prices for logs and sold their products at world prices as
well. The consequent lack of protection for the solid-wood products indus-
try is illustrated by effective rates of protection'” of -2 percent in 1963, -9
percent in 1965, and -5.5 percent in 1969 (from various sources cited in
Vincent [1986]). Although the Industrial Incentives Act (IIA) provided some
assistance (in 1972, 19 percent of the industry’s output was by I1A-assisted
firms), the main impetus for growth appears to have been the industry’s
comparative advantage.

The log-export restrictions dramatically slowed the rate of increase in
log prices, which rose only 0.8 percent per year in real terms between 1972
and 1985. For comparison, prices for logs exported by East Malaysia, which
had been comparable to log prices in Peninsular Malaysia in the years lead-
ing up to the restrictions, rose 3.2 percent per year during the same period.
This insulation of the Peninsular Malaysia log market partially shifted
resource rents from concessions to mills, making investments in primary
processing more attractive. Many new mills were established, not because
they were efficient entrants into a competitive market, but because of the
displaced rents. The number of sawmills increased at a statistically more
rapid rate between 1972 and 1985 (2.8 percent per year) than between 1960
and 1972 (1.7 percent), even though sawnwood output increased relatively
less rapidly between the two periods (5.0 percent versus 11.1 percent). The
rents enabled mills to earn profits even though they operated at well below
capacity."

"> The effective rate of protection equals the ratio of value added at domestic
prices to value added at world prices, minus one. Value added for wood processing
is defined as price of processed product minus log price divided by recovery rate.

Y Apparently, the least-efficient mills were state-owned “integrated timber com-
plexes” (ITCs). As of December 1985, 12 ITCs had been established in five different
states (Forestry Department, Peninsular Malaysia 1986). The rationale for ITCs was
to gain economies of scale by establishing large, interrelated mills in a single com-
plex, and to provide these mills with an assured source of wood by granting the
complex a concession. In several instances the complexes have operated their mills
at low levels merely to maintain a front for a more lucrative business: leasing out
their timberlands to second-party concessionaires.
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Published estimates of effective rates of protection have understated the
protection that log-export restrictions provided the industry. For example,
Mohd. Shahwahid (1986) cited effective rates of protection (estimated by,
among others, the World Bank) of 30 to 33 percent for sawnwood and 44 to
58 percent for plywood between 1979 and 1982. These estimates were based
solely on the protection provided by export taxes on logs and by import
tariffs on processed products (as of 1978, 20 percent on sawnwood and 25
percent on plywood).

If the effects of quantitative restrictions on log exports are included, the
rates of protection are much higher. For example, in 1988 the price of dark-
red meranti logs was M$183.60/m? in Peninsular Malaysia, while the world
price for such logs was M$334.80/m?® (M$2.70=US$1.00). Sawnwood of the
same species sold for M$697/m® on the world market. Because the recovery
rate was 56 percent,' the effective rate of protection was 272 percent. The
actual economic value created by processing in Peninsular Malaysia was
thus quite low: at the distorted domestic prices, value added appeared to be
M$369.14/m’ of sawnwood, but at economic (world) prices, value added
was only M$99.14/m’.

Downstream wood-processing industries do not enjoy comparable pro-
tection. Unlike sawmills and plywood mills, they must pay world prices for
their raw materials (sawnwood and plywood). The federal government has
expressed impatience with the limited development of downstream
processing (MIDA /UNIDO 1985), and recently it took action to extend pro-
tection downstream. On March 7, 1990, the cabinet announced export
restrictions on veneer'” of all species and sawnwood in 21 species groups,
which encompass virtually all the species with significant export markets.
The restrictions take the form of an export tax of M$60 to M$120, which for
sawnwood is equivalent at 1989 prices to an ad valorem tax of 11 to 22
percent.'® For reasons similar to those in the case of the log-export restric-

' This rate is 5 to 15 percentage points below recovery rates in log-importing
countries. By not having to pay world prices for logs, primary processors in Penin-
sular Malaysia have not been driven to economize log intake. Their recovery rates
are lower also because they saw a more variable, run-of-the-woods mix than do
importers, who saw only export-quality logs.

'> No export takes were announced for plywood, because the Malaysian Plywood
Manufacturers’ Association persuaded the Ministry of Primary Industries that ply-
wood is a downstream product, not a primary product.

'® Initially, taxes on most species other than rubberwood will be assessed only on
sawnwood strips, the chief raw material used by existing molding manufacturers.
The cabinet announced that quotas might be imposed as well. In fact, it announced
that an embargo on air-dried sawnwood—which accounts for more than half the
volume and value of Peninsular Malaysia’s sawnwood exports—will be imposed on
September 1, 1991.
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tions, this policy might well succeed in creating large industries,"” but it will
probably also create overcapacity and foster inefficiency.

It is not obvious that downstream industries need protection. Although
the output of moldings and furniture is still small relative to the output of
sawnwood, investment in downstream industries has risen healthily in re-
cent years. This situation suggests that the government has a better option
for redressing the imbalance in protection between primary and downstream
processing: it could reduce the protection enjoyed by primary processors by
phasing out log-export restrictions, instead of increasing protection for down-
stream industries. Is it credible that the world’s largest exporter of hard-
wood sawnwood is still an infant industry?

The higher log prices that would result from rescinding log-export re-
strictions offer several potential benefits. They would increase stumpage
values (which would increase the returns to forest management),' raise
recovery rates (hence, less forest would need to be harvested to produce a
given amount of processed product), and induce the closure of inefficient
mills. Unfortunately, the federal government appears to be moving in the
opposite direction. It has discussed with Sabah and Sarawak the possibility
of subsidizing log imports from those two states to enable primary proces-
sors in Peninsular Malaysia to continue to buy logs at prices below world
levels.

At every stage of development—from log exporter to exporter of primary
products and embryonic exporter of downstream products—Peninsular
Malaysia has promoted industrial development by keeping timber royalties,
log prices, and, recently, sawnwood prices artificially low. Processing ca-
pacity that exceeds the forest’s sustained yield capacity has resulted. For a
while, export restrictions can create the illusion that wood is not scarce, but
to do so inhibits the economic adjustments needed to prevent the physical
depletion of forests and to promote the development of efficient processing
industries that truly add value to the economy.

' This outcome is by no means assured. The government appears to be assuming
that if foreign buyers cannot purchase Peninsular Malaysia’s sawnwood, they will
have no choice but to buy its moldings and furniture. Of course, foreign buyers do
have other choices. Abundant substitutes for Peninsular Malaysia’s tropical hard-
wood sawnwood exist. Other suppliers in the region—Sabah and Sarawak in East
Malaysia, and perhaps Papua New Guinea, Myanmar (Burma), and Vietnam—will
fill some of the gap in export markets. In addition, European buyers have already
begun substituting temperate hardwoods and softwoods for tropical hardwoods in
some uses, partially in response to the misguided consumer campaign against tropi-
cal hardwoods (Vincent 1990a).

'% Obviously, issues related to concession tenure and rent capture would need to
be resolved before higher stumpage values would translate into greater incentives
for management.
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Ghana'

When Ghana became independent in 1957, it was one of the wealthiest
nations in sub-Saharan Africa. Misguided macroeconomic policies and
political instability have caused the country to suffer economic decline
throughout much of the postcolonial period. These same factors are largely
responsible for problems experienced in the forest sector.

Like Peninsular Malaysia, Ghana illustrates the importance of stump-
age prices in stimulating the transition from old-growth to second-growth
forests, and the importance of free trade in stimulating the efficient devel-
opment of processing industries. In addition, Ghana illustrates how
macroeconomic policies set the stage on which resource and industry dy-
namics are played out. Macroeconomic policies followed by Ghana during
most of the past 30 years have made it nearly impossible for the forest
sector to get onto a sustainable growth trajectory.

Forest Dynamics

Details about the status of Ghana's forests are scant: the last forest in-
ventory was carried out in the 1950s, although a new one was scheduled
to begin in 1986. The forest area is known to have declined rapidly. Al-
though approximately 8.2 million hectares of Ghana are ecologically classi-
fied as a closed forest zone, only about 1.7 million hectares remain under
forest cover (FAO 1981). The area of natural forest was reduced by half
during the first half of this century, and virtually no old-growth forest exists
today. The explanation for forest depletion is similar to that in Peninsular
Malaysia: Forests have been converted to tree-crop plantations, primarily
cocoa, and management of logged-over forests has been inhibited by con-
cession insecurity and low rent capture.

After World War II, improvements in infrastructure, rising international
prices for tropical timber, and a concessions act that “regularized proce-
dures for alienating common-hold lands to private producers” (Page 1974)
stimulated British investment in logging. During colonial times, ownership
of timberlands was vested in local tribes, and concessions were allocated by
essentially a market mechanism: Guided by the concessions legislation, tribal
authorities and timber contractors negotiated the terms of concession con-
tracts.”” Agreements were validated by the court system, which gave legal

' Roemer (1984), supplemented by World Bank (1989a), was drawn on for a
historical perspective on economic policies. FAO (1981), Asabere (1987), and Grut
(1989) provided information on forest resources and forest management. A trio of
papers by Page (Page 1974; Page 1976; Page, Pearson, and Leland 1976) covers
industrial use of forests up to the early 1970s extremely well. Gillis (1988c), World
Bank (1987b), and World Bank (1988) were used as sources of information on forest-
based industrialization in the 1970s and 1980s.

% There were few restrictions on foreign investment in concessions, except that
non-British expatriate firms were excluded.
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protection to both concessionaires and tribes. This system probably pro-
vided concessionaires with reasonable assurance of exclusive use, and mini-
mized concerns about uncompensated expropriation.

In 1962, however, in keeping with Premier Kwame Nkrumah'’s nation-
alization policies, the central government assumed authority over allocation
of concessions. Thenceforth, as in Peninsular Malaysia, concessions were
granted in an arbitrary fashion under a system of political patronage. In
addition to taking over concession allocation, the Nkrumah government
“standardized” (equalized) royalties across concessions.”’ When concession
terms were negotiated between concessionaires and tribal leaders, it was at
least theoretically possible for royalties to reflect differences in stumpage
values. Standardization eliminated this possibility.”

Royalties were set at levels far below stumpage values. As in Peninsular
Malaysia, this practice made concessions a tempting political prize. Conces-
sionaires who sold logs on the international market were able to reap enor-
mous profits, especially before restrictions on log exports were imposed in
1972. Page et al. (1976) estimated that 67 to 88 percent of the value of export-
quality logs of leading species was stumpage value, and that the govern-
ment captured only 38 percent of this value through the combination of
area-based concession fees, royalties, export taxes, and corporate income
taxes. Low rates of rent capture were also reported more recently by the
World Bank (1987b).”

Would Ghana have been better off if the government had captured
more of the rent? The resource rent realized by harvesting Ghana's forests
between 1961 and 1970 was an important, but not the primary, source of
capital for the country—equivalent to 6 to 8 percent of gross capital forma-
tion in the country during this period.* In view of the government’s squan-
dering of public revenue and net foreign exchange reserves during Nkrumah'’s
misguided “Big Push” phase, skeptics might be relieved that the govern-
ment did not capture more of the rent. Undoubtedly the 35 percent of the
rent that was captured by local concessionaires earned higher returns. Off-
setting this possible benefit was Ghana’s failure to retain much value from
the remaining 27 percent of the rent, which was largely repatriated by for-
eign concessionaires.

! Page (1976) says that royalty rates were equalized in 1962, but Gillis (1988c)
states that equalization was not achieved until 1988.

2 Moreover, royalties failed to reflect stumpage value because they were assessed
on a per-tree basis. Although they were differentiated somewhat by species, for a
given species the same royalty applied regardless of whether a tree had a large or
a small commercial volume.

¥ On a positive note, another report by the World Bank (1989a) has indicated that
Ghana is considering reforms involving higher royalties and market-based alloca-
tion of concessions.

* The estimate of realized rent is based on data from Page et al. (1976, table 11)
and Page (1974, table 4.1).
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What is certain is that no one—government or concessionaire—behaved
as owner of the resource and made appropriate investments in forest man-
agement as timber became increasingly scarce. The government did not act
as owner because royalties did not signal the increasing scarcity value of the
forest. It might also be argued that government management efforts were
hindered by low rates of rent capture, which reduced the funds available
the forestry department, which has suffered chronically from a lack of funds
for equipment, transportation, and training. Given the government’s zeal to
promote manufacturing, however, it is unlikely that the department would
have received much of any incremental revenue to the treasury.

Concessionaires did not act as owners because, as in Peninsular Malay-
sia, they lacked secure concession rights.” Reductions in concession size,
which apparently ran counter to returns to scale in forest management (World
Bank 1987b), might also have reduced concessionaires’ economic interest in
management. In the early 1960s, nationalistic tendencies coupled with
Nkrumah’s socialistic bent led the government to adopt a variety of
“Ghanaianization” programs. In the forest sector, the government stopped
issuing concessions to foreigners and expatriates and reduced the average
size of concessions by more than an order of magnitude (Page 1976).% On
the face of it, smaller concessions might appear to be an egalitarian attempt
to spread the country’s natural wealth, but in fact they were a means of
widening the web of political patronage.

Did harvests in Ghana exceed the optimal rate? The answer to this
question is not clear. On the one hand, the high stakes involved in conces-
sions, magnified by insecure tenure and political instability, surely com-

% Not all the obstacles facing natural forest management have been policy in-
duced. Regeneration technologies are still not well established. Between the end of
World War II and 1970, the forestry department tried and abandoned three silvicul-
tural systems: the tropical shelterwood system, enrichment planting, and a modified
selection system (Asabere 1987). In 1971, it reverted to a simple salvage felling of
overmature trees in logged-over forests. Silvicultural operations are hindered by
low annual growth rates—0.55 m® per hectare (World Bank 1987b), as compared
with 1.0 to 1.5 m® per hectare in Southeast Asian forests. These low growth rates do
not result entirely from natural causes. Diameter cutting limits are extraordinarily
high (more than 1 meter), logging is very selective, and much wood is wasted in the
forest (33 to 50 percent of the harvest according to Grut [1989], 50 to 100 percent
according to the World Bank [1988]). The first two factors are often blamed on the
highly specific demands of international timber buyers, but they might also be
caused by insufficient differentiation of royalties, which lead to relatively greater
profits on logs that are large and of desirable species.

% Between 1900 and 1960, 85 percent of concession area was issued to non-Ghana-
ians; between 1961 and 1965, 16 percent; and after 1965, zero percent. Concession
size declined from an average of 69,000 hectares in the 1900-60 period, to 11,000
hectares in the 1961-65 period, to 4,000 hectares after 1965.
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pelled concessionaires to cash in their timber as quickly as possible. On the
other hand, the rate at which timber could be cashed in was reduced by the
country’s macroeconomic policies. These policies—in particular, overvaluation
of the cedi and Ghanaianization of logging firms (in addition to conces-
sions)—reduced harvests by hindering log exports. After rising rapidly during
the late colonial period, log exports fell by about 60 percent during the
1960s and by an order of magnitude between 1970 and 1982.

The overvalued exchange rate directly hindered exports by reducing
the number of cedis—needed for paying domestic factors of production—
that were earned per dollar of exports. Overvaluation indirectly hindered
exports by leading to a shortage of foreign exchange that only became worse
as exports declined. The shortage of foreign exchange made it difficult to
import equipment or spare parts. Logging recovered briefly during the lib-
eralization efforts of the post-Nkrumah regime (the 1967 devaluation par-
ticularly helped), but logging was hurt again when import controls were
reimposed in 1972.

Ghanaianization of logging companies was the objective of the Ghana
Timber Cooperatives Union (GTCU), which provided loans to Ghanaian
logging firms at below-commercial rates. Collection of loan payments was
lax, and the GTCU degenerated into a grants scheme for free capital. De-
spite free capital, this industrialization strategy raised the industry’s aver-
age production costs and depressed output, because local logging compa-
nies were less well managed than foreign or expatriate firms and tended to
be too small to take advantage of increasing returns to scale. Page et al.
(1976) found that logging costs for very small Ghanaian firms were more
than twice those of large foreign firms. Many Ghanaian logging firms re-
mained in business only by virtue of incurring virtually no costs for timber
(thanks to low royalties) or capital (thanks to the GTCU).

The 1983 devaluation contributed to a recent increase in harvests. Ac-
cess to foreign exchange has been improved by provisions that allow timber
exporters to retain 20 to 35 percent of export earnings in the form of foreign
exchange. Abolition of the Ghana Timber Marketing Board, which had been
set up soon after independence to assist the private sector in export promo-
tion but instead became a price-setting board, also has helped.

Like Peninsular Malaysia, Ghana has shown little success in establish-
ing plantations as an alternative source of timber to the natural forests.”
Concessionaires’ interest in plantation establishment is limited as long as
they can acquire natural forest timber at low royalty rates. The government
initiated an industrial plantation program in the 1960s, but because of a
tight budget—which, theoretically, could have been increased by higher
rent capture—only 15 percent of the target area was planted.

¥ Unlike Peninsular Malaysia, Ghana has not been able to turn to its tree crops as
a new source of timber: in contrast to rubber trees, cocoa trees do not yield commer-
cial timber.
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Industry Dynamics

The first sawmill in what was to become Ghana was set up in 1903. By
1957, Ghana had 31 export-oriented sawmills financed by European invest-
ment and producing for export to European markets. Like log exports, how-
ever, sawnwood exports stagnated during the 1960s and fell by three-fourths
between 1970 and 1982. Wood processing, primarily sawmilling, declined
from 40 percent of Ghana's manufacturing output in 1958 to 13 percent by
1969.

The macroeconomic policies that hindered logging were also respon-
sible for the poor performance of processing industries. The overvalued
cedi decreased exports of processed products for the same reasons it de-
creased log exports. Its negative effects overwhelmed policies that might
otherwise have stimulated wood exports. These policies included the general
income tax incentives and cheap capital (from the National Development
Bank) available to manufacturing industries (although import-substituting
industries were favored); log-export bans on selected species announced in
1972, 1976, and 1979; and removal of a 5 percent export tax on sawnwood in
1979,

The industry’s poor performance between 1972 and 1983 can also be
ascribed to an ill-fated nationalization effort. Despite an increase in the
number of Ghanaian-owned mills, most output in the 1960s continued to
come from foreign- or expatriate-owned mills. In 1970, 47 percent of lumber
and 64 percent of plywood, as well as 42 percent of logs, were produced by
five large, vertically integrated companies. Three were foreign owned, one
was owned by expatriates, and one was Ghanaian. In 1972 the government
expropriated majority holdings in the foreign and expatriate companies. As
an added step, in October 1973, all foreign and expatriate mills were forced
to surrender 55 percent of their equity to the government. The nationalized
mills have performed abysmally. According to the World Bank (1987b), all
but one of the four firms taken over in 1972 “have experienced severe man-
agement problems, been closed part time, and are burdened by debts.”

Although output and exports of sawnwood were stagnant from the
early 1960s until the early 1980s, the number of sawmills increased from 43
in 1962 to 61 in 1971 and 95 in 1982. Cheap capital under the government’s
Ghanaianization programs was largely responsible. Virtually all the new
mills were small, Ghanaian-owned mills. Some of the increase in new mills
was also related to the government’s sporadic efforts to make concession
allocation contingent on investment in mills, which induced concessionaires
to build mills of a minimum size in order to retain concessions. This expan-
sion of wood-processing capacity was costly in terms of diverting capital to
unproductive uses: even in 1985, after the industry had begun to revive,
rates of capacity utilization were only 57 percent for sawmills, 39 percent
for plywood mills, and 57 percent for veneer mills.

Studies by Page (1974, 1976) indicate that the country’s logging and
processing industries were inefficient and provided little net gain to the
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economy. Page (1974) analyzed financial value added (revenue minus pay-
ments for intermediate goods) and economic net gain (revenue minus social
opportunity costs of factors and intermediate goods, minus payments made
abroad) for logging, sawnwood, and plywood industries in 1970-71. Al-
though logging is seldom considered a value-added activity, Page found
that 51 percent of the value of log output was value added. Much of this
value was in the form of rents; private-sector profits, depreciation, and re-
source rent accounted for more than half, and royalty payments to the gov-
ernment for another fifth. Net gain in logging was substantially less than
value added; net gain constituted 22 percent of the value of output, and
virtually all was resource rent. Net gain could have been increased by about
half if the government had captured resource rents that were repatriated
abroad. Page’s analysis reinforces Gillis’s (1980) point about the importance
of rent capture in achieving economic gains when foreign-owned firms are
involved in commercial timber extraction.

Page (1974) found that value added for sawmills and plywood mills
was actually less than for logging: 30 percent and 38 percent of the value of
output, respectively. Net gains were even less: 5 percent and 6 percent,
respectively. Net gain was actually negative for small Ghanaian wood-pro-
cessing firms. Ghana's efforts to promote domestic processing and domestic
ownership of mills thus reduced the generation of economic surplus, which
is the ultimate source of economic growth.

Using the same data, Page (1976) rephrased the analysis in terms of
“social profitability,” which is the same as net gain except that repatriated
payments are not subtracted. Although 86 percent of the logging firms in
the sample earned positive social profits, the sample was heavily biased
toward the more efficient, vertically integrated, foreign- or expatriate-owned
firms. Social profits decreased with level of processing. Although all ply-
wood mills and 80 percent of sawmills earned positive social profits, scarcely
half (55 percent) of furniture mills did so. This difference between primary
and secondary processing is easy to explain. Because (as in Peninsular Ma-
laysia before 1972) log exports were permitted, plywood mills and sawmills
had to pay world prices for log inputs, and because they were export ori-
ented, they sold at world prices as well. This exposure to international
competition in both input and output markets forced the plywood mills and
sawmills to be more competitive. Furniture mills, by contrast, were highly
protected by import barriers against foreign furniture and were one of
Ghana'’s dismal failures with import substitution.

Page’s estimates of value added, net gain, and social profitability are
probably biased upward. Because his studies were carried out during a
short-lived period of tentative economic liberalization, they measured per-
formance that was better than the performance in the more interventionist
periods before 1966 and after 1971. Moreover, Page (1976) mistakenly equated
social profits with efficiency. Positive social profits are only a necessary, not
a sufficient, condition for efficiency in the normal economic sense, which
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pertains to maximization of social profits, not their mere existence at a posi-
tive level. At given levels of factor consumption, did firms produce the
maximum possible output? Did they produce a given level of output at
minimum cost? Page ignores these questions, but they are obviously impor-
tant, given the distorted prices of capital and timber in Ghana.

Excess processing capacity continues to afflict the industry. Processing
capacity currently exceeds roundwood intake by a factor of two and the
estimated sustained timber yield by 27 percent. As a result the wood-pro-
cessing industry has demanded increased log-export restrictions (as of 1989,
exports of 18 species were banned). Even the World Bank (1987b) suggested
that log-export restrictions might be necessary to limit harvests. The error in
this thinking is clear: Log-export restrictions will simply make logs cheaper
for already inefficient domestic processors, and restrictions might actually
stimulate increased harvests if domestic demand for logs is more elastic
than international demand.

One year later, the World Bank (1988) was more circumspect about log-
export restrictions, noting that the export ban on selected species “does not
appear . . . [to have] been successful to the extent expected in either discour-
aging depletion of the forest or in promoting technical and economic effi-
ciency in the processing industry.” The World Bank called for a review of
the ban (a study was planned for 1989), with a key objective being to deter-
mine whether the industry needs infant industry protection. It is hard to
believe that an industry that is nearly 90 years old is still in its infancy.
Senility—many mills need to be put to rest, now that the old-growth draw-
down is complete—is a more likely diagnosis.

Chile?®

Chile’s economically accessible natural forests were largely depleted by
the early 1950s. Two formerly important species, Fitzroya cupressoides and
Araucaria araucana, are so depleted that the existence of a single tree of
either species per hectare qualifies an area as a legally protected forest.
Natural forests remain chiefly in the extreme southern part of the country,
but few are economically accessible.

In contrast to Malaysia and Ghana, where the key issues pertain to
coordinating industrial development with the drawdown of publicly owned
natural forests, the issue in Chile is how to build up an efficient industry
based on the nation’s increasing supply of timber from its privately owned
plantations. A principal message of the case study is the importance of

2 Corbo and de Melo (1985), Corbo and Sanchez (1985), and World Bank (1980,
1987a) provided general information on Chile’s economic development. World Bank
(1986a), Hunter (1987), Santa-Cruz (1988), and Jélvez et al. (1988, 1989a, 1989b, 1990)
provided information on the forest sector.
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secure land tenure in encouraging investment in second-growth forests. The
case study also reinforces points made in the Ghana case study about the
importance of macroeconomic stability.

Resource Dynamics

Chile had 22 million hectares of forest in 1988, most of it (13 million
hectares) in parks and other noncommercial protected areas. The remaining
so-called commercial forests were primarily native hardwood forests (7.6
million hectares), but only 3.0 million hectares were considered economi-
cally accessible. Plantations covered 1.3 million hectares, mainly Pinus ra-
diata (1.1 million hectares).

Between 1931 and 1974, plantations were promoted by a decree that
provided tax exemptions for reforestation and subsidies for seeds and seed-
lings. By 1974 more than a quarter of the area of radiata plantations existing
in 1986 was already established. Another law, D.L. 701, which took effect in
1974 and continues until 1994, strengthened the promotion of plantations in
two main ways: (1) It declared that land of “forest aptitude” cannot be
nationalized, thus providing investors with secure, long-term tenure, and
(2) it made available several financial incentives, including a subsidy of 75
percent of planting costs (later extended to pruning and management costs).
Tax breaks also were provided: income tax rates were reduced by 50 per-
cent, and property taxes were eliminated. D.L. 701 provided one of the few
subsidies granted to any sector by the military government, and it was the
only incentive provided specifically to the forest sector.

Although the trend in planting was upward between 1970 and 1974,
most of the planting was by the forestry agency, CONAF. In fact, private
planting decreased between 1970 and 1973, as a result of concerns about
economic stability and potential nationalization of plantations. Since 1974,
74 percent of planting has been by the private sector. Today almost all
plantations are privately owned, even those initially established by CONAF.
There is little doubt that D.L. 701 has been instrumental in getting the pri-
vate sector involved in establishing plantations, although the more stable
macroeconomic environment after 1973 certainly contributed. The interest-
ing question is, which of D.L. 701’s provisions was more important, the
subsidy or the assurance of land tenure?

Most analysts have assumed the former (e.g., World Bank 1986b), but
between 1974 and 1986, more than a third of the area of plantations estab-
lished by the private sector did not qualify for D.L. 701 assistance. Accord-
ing to Santa-Cruz (1988), D.L. 701 increased the real financial rate of return
for plantation investments only slightly, from 9.6 percent to 11.7 percent per
year. The actual increase might have been even less: Santa-Cruz (1988) ig-
nored the fact that one would expect the subsidies to be capitalized into
land values, thus raising land acquisition costs for those who needed to buy
land to establish plantations. There is evidence the subsidies did indeed
inflate land prices (Hunter 1987; World Bank 1986a).
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We suspect that D.L. 701 has been successful primarily because it pro-
tected forested lands from nationalization, thereby assuring investors that
they could reap high enough returns from investments in radiata with or
without subsidies. Radiata plantations earned an attractive rate of return
because of Chile’s comparative advantage in growing wood. Chile’s climate
and soils provided ideal growing conditions, which yield annual growth
rates of more than 30 m® per hectare. (Contrast this with Ghana's and
Malaysia’s rates of growth in the natural forest of 0.55 m® and 1.0 to 1.5 m?
per hectare respectively.) Land was cheap because competition from agri-
culture is limited. Easy terrain and a competitive transportation sector put
much of the lands suitable for radiata within economic hauling distance of
mills and ports. Labor was relatively cheap because the 1974 reforms re-
duced underemployment and provided an excess labor pool.

This expansion might have occurred decades sooner had land tenure
been more secure and economic conditions more stable. Instead, the Chilean
forest products industry suffered through an undue hiatus in the transition
from natural forests to plantations.

Industry Dynamics

Radiata provides Chile with remarkably low-cost roundwood for indus-
trial processing: according to the World Bank (1986a), prices for roundwood
delivered to mills ranged from US$9/m® for pulpwood to US$12/m’ for
sawlogs.” These are a fraction of corresponding values in North America
and Scandinavia. Annual harvest of radiata roundwood is projected to reach
27 million m’® by the year 2000, with sawnwood and pulpwood comprising
roughly equal shares. In contrast, in 1987 roundwood production in Chile
was only 12 million m®. During the 1990s, Chile faces the challenge of in-
creasing its industrial capacity and perhaps its log exports in order to more
than double its roundwood consumption. There are obstacles to achieving
this goal on both the resource and industry sides.

On the resource side, at least two problems will complicate industrial-
ization based on this new resource. First, because nearly three-quarters of
the plantations have been established in just the past 15 years and because
the rotation age is 24 to 30 years, harvests will tend to be uneven over time.
This unevenness might be partially overcome by continued establishment of
plantations to round out the age-class distribution. Land availability should
not be a constraint: Hunter (1987) estimated that radiata plantations would
be economically viable on nearly 1 million additional hectares.

Second, much of the wood from the plantations is likely to be of low
quality because most plantations are unpruned and unthinned. The poor

¥ The World Bank (i@a) estimated that D.L. 701 financial incentives reduced
wood costs by only US$1.20/m’.
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state of plantations could theoretically be due to the fact that the plantation
area has expanded beyond its efficient size, causing owners to be concerned
that wood prices will be too low to justify additional management activities.
Owners might have a more compelling reason to be concerned about stub-
bornly low wood prices: imperfect competition. Chile’s two largest forest-
products companies, which are primarily pulp and paper producers, own
40 percent of the plantations and account for a comparable portion of the
country’s total roundwood consumption. These two companies might hold
enough market power to collude and keep roundwood prices low. Because
they produce only 15 percent of Chile’s sawnwood, they might have little
concern about inhibiting the pruning and thinning activities needed to pro-
duce high-quality sawnwood.

On the industry side, growth hinges on conditions in export markets.
About two-thirds of the roundwood consumed in the late 1980s was ulti-
mately sold in the form of exported products. The country’s domestic mar-
ket is small, and it uses little wood in housing is low.* The nation’s Spanish
heritage, the cultural association of wooden housing with rural poverty,
and concerns about fire safety lead to a preference for masonry houses.

Recent history suggests that the Chilean processing industry is capable
of taking advantage of increased export opportunities, if they are not pre-
cluded by the low quality of radiata roundwood. Between 1977 and 1987,
increased exports stimulated a doubling of total roundwood consumption.
The forest-products share of Chile’s export earnings rose from 4 percent in
1970 to 11 percent in 1987. This growth reflects the fact that wood-process-
ing industries were among the sectors that benefited most from the reforms
of the 1970s. During the 1960s, sawmills suffered in comparison with other
sectors because of low or negative effective rates of protection (21 percent in
1961 and —4 percent in 1967, according to Corbo and Sanchez [1985]). Al-
though the pulp and paper industry enjoyed larger effective rates of protec-
tion (41 percent in 1961 and 95 percent in 1967, according to the same
source), even these were a fraction of the average for all manufacturing
industries. Discrimination against wood processing was eliminated between
1974 and 1980 as rates of protection were made uniform across sectors and
reduced.

In 1987 sawmills consumed 46 percent of Chile’s roundwood output,
and mills making panel products consumed another 3 percent. The industry
has converted to almost exclusive use of radiata: In 1960 almost 70 percent of
its log consumption was native species; today nearly 90 percent is radiata.
Sufficient capacity might at first glance appear to be in place to use the
additional sawnwood that will become available during this decade; as in
Peninsular Malaysia and Ghana, capacity utilization rates were low in 1984—
46 percent for sawmills and 65 percent for plywood mills. These low rates

% Per capita consumption of sawnwood is only one-seventh that in New Zealand.
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reflect the existence of a large number of small and portable sawmills, which
form a fringe of producers that open and shut according to the business
cycle. Out of 1,597 mills operating in 1985, 1,243 produced only 16 percent
of output and 700 were portable. It is doubtful whether these small mills,
especially the portable ones, can be relied on to pick up the slack in round-
wood consumption, especially if it is production for export.

The World Bank (1980) commented that sawmilling was inefficient, with
low recovery rates (48 percent, according to Hunter [1987]). Several factors
suggest that recovery rates at this level might be efficient for Chile: its
exceptionally low sawlog prices (which induce mills to substitute toward
wood); its low minimum sawlog diameter (20 cm); its limited domestic
market for absorbing products that are not export quality; and its policy of
permitting log exports (since 1975), which, unlike the situation in Peninsu-
lar Malaysia, forces mills to pay world prices for sawlogs.

The pulp and paper industry consumes less roundwood (35 percent of
the total in 1987) than does the solid-wood products industry, but it ac-
counts for more than half of the export value of forest products. Since 1974
the effective rates of protection for the industry have actually run about 20
percent higher than the manufacturing average. Because the industry is
export oriented, the moderate level of protection (17 percent in 1979) has
probably had limited effect on the industry’s efficiency (capacity utilization
approaches 100 percent). Moreover, the industry must increasingly compete
against international buyers for pulpwood and woodchips. Exports of these
raw materials have benefited from an export promotion program, ProChile,
which provides grants for increasing exports of “new” products.”

The moderate, essentially uniform protection across sectors in Chile
and the largely free trade of both raw materials and processed products
suggest that wood processing in Chile has indeed added value to the economy
during the past one to two decades. Investment in both Chile’s plantations
and processing industries has responded primarily to forces of comparative
advantage, not to a mirage created by government policies. For growth to
be sustained, the government must continue to provide a stable political
and economic environment, monitor domestic stumpage prices to investi-
gate whether imperfect competition is driving down prices and hindering
plantation maintenance, and resist the certain-to-increase calls for log and
pulpwood export restrictions as the industry’s capacity begins to match the
productive potential of the plantations. This last point is crucial if Chile in
the early 2000s is to avoid being a reincarnation of Peninsular Malaysia
since the early 1970s.

3 “New"” products are defined as those with an export value of less than US$2.5
million in 1983-84.
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SUMMARY AND POLICY RECOMMENDATIONS

Many of the implications of the foregoing analysis have been pointed
out for resource-based industrialization in general. Roemer (1979) and Gillis
et al. (1987, chaps. 15 and 19) have stressed the importance of enhancing
macroeconomic stability, allowing prices to signal scarcity, and using com-
parative advantage to guide the development of downstream industries.
Lewis (1989) noted several similarities among successful primary exporting
countries:

¢ They “have not allowed their domestic currencies to become substan-
tially over-valued.”

e They “have captured a significant amount of the rents accruing from
the unique characteristics of their primary products and have rein-
vested them in the economy.”

* They “were generally modest in the levels of protection provided.”

* “Not only have new exports been promoted but old industries have
been allowed to contract.”

¢ They have provided “government investment in infrastructure, train-
ing, research, and services to support the primary export sector,”
with “research to support productivity growth seeml[ing] especially
important.”

The case studies illustrate the consequences of failing to recognize these
points in one or more of the countries analyzed.*”> Auty’s (1987) conclusion
that the performance of wholly state-owned resource-based industries has
generally been disappointing is supported by the poor performance of state-
owned wood-processing facilities in Ghana and in Peninsular Malaysia.*

# For example, see the discussions of Ghana and Chile regarding the first point,
and Peninsular Malaysia and Ghana regarding the second, third, and fourth. We
have not addressed the fifth point directly. As the work of Solow (1974) and others
has shown, ongoing gains in productivity due to technical change are fundamental
to sustained resource-based growth. It is important to realize that simply making
improved technologies available to the forest sector—for example, by research at
government-supported forestry research institutes—is insufficient. Industries must
also have an economic interest in adopting the technologies. For example, sawmills
will be less likely to invest in wood-saving equipment as long as export restrictions
on logs keep log prices artificially low. This point is not always grasped. For ex-
ample, Takeuchi (1983) recommends both log-export restrictions to promote domes-
tic processing and investment in research and development to make processing
more efficient.

% The poor financial performance of state-owned enterprises in the wood-based
and other sectors in Malaysia was noted by the World Bank (1989Db).
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In addition to these general points, the theoretical analysis and the case
studies emphasize four policy-relevant features of the forest sector that are
more specific to the sector: land-use competition with agriculture; valuation
of nontimber forest values; the old-growth/second-growth transition; and,
associated with this last point, the inevitable shrinking of the relative im-
portance of the forest sector.

The policy implications of our analysis are summarized in the following
five recommendations for actions necessary to ensure that forest-based in-
dustrialization promotes long-term, sustainable development.

1. Stabilize Macro Policies

Industrial development generally demands macroeconomic stability.
Without stability, long-term capital investment is impossible. Development
of the forest sector—its infrastructure, processing facilities, and the forests
themselves—requires unusually large amounts of capital deployed over par-
ticularly long periods. As a consequence, macroeconomic stability is unusu-
ally important to the efficient development of the sector.

2. Establish Correct Stumpage Prices

Stumpage prices must reflect timber’s true competitive value. Timber
prices signal the relative scarcity of wood and thereby coordinate virtually
all of the key facets of forest-sector development. If this important function
is disabled, as it is many developing countries where fees paid for timber
are administered royalties rather than prices formed in competitive mar-
kets, a variety of economic and environmental maladies ensue:

* Old-growth forests are depleted too rapidly.

¢ Forest land is inappropriately cleared for agriculture or other uses.

¢ Inadequate and inappropriate investment is made in second-growth
forests and plantations.

¢ Inefficient processing technologies are installed.

* Decisions on log- and lumber-trade policies are incorrect.

¢ Elaborate and counterproductive capital-export controls are needed
to ensure that resource rents remain patriated.

Privatization of forest resources can produce the appropriate price sig-
nals, but so can other institutional arrangements. Because full-scale private
ownership is culturally, socially, or politically unacceptable in many places,
the international community needs to emphasize the development of insti-
tutions that simulate market outcomes. Although tenure arrangements are
beyond the scope of this chapter, we emphasize the need not only for secu-
rity (exclusivity) of concession rights but for transferability as well. If tenure
rights are reasonably secure and concessions can be sold, concession hold-
ers will face the “correct” implicit intertemporal timber values, even if offi-
cial timber fees bear no relationship to market prices. This situation implies
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that rent capture through efficient government fees is neither a necessary
nor a sufficient condition to ensure the economic efficiency of the forest
sector. (See the annex to this chapter for a more thorough discussion.)

3. Maintain Free Trade

The objective of increasing domestic value added frequently leads coun-
tries to abandon free-trade policies on wood products and to restrict exports
of logs and imports of processed products. Unfortunately, such countries
often lack comparative advantage in wood processing (although they may
gain it over time). These policies might promote impressive development of
wood-processing capacity, but at the cost of explicit subsidies or implicit
ones such as trade barriers. This cost may exceed any incremental gains to
the economy from the additional processing. Economic value may actually
be destroyed, not added.

Many countries that have adopted this strategy appear to have overes-
timated the opportunity to replace log exports with the export of finished
products. Importing countries typically have considerable latitude to offset
restrictions on the availability of raw materials with similar wood from
other countries, with different kinds of wood from other countries, or even
with nonwood materials altogether. Because timber is a fairly homogeneous
commodity with many close substitutes, log-export restrictions tend to pro-
duce changes in raw material sourcing by the importing country rather than
sustainable process deepening by the exporting country.

Free trade can partially offset distortions induced by the divergence
between government timber charges and true stumpage values. If logs can
be freely imported and exported, both the logging sector and the processing
sector will encounter the correct short-run prices. As long as the country is
“small” with respect to world markets—that is, as long as its actions do not
affect world prices—the processing sector can develop efficiently even if
timber-pricing policies are incorrect. Distortions can still occur, however, if
the country is a “large” exporter. For example, excessive development of
wood-processing capacity can result if insecure concession rights lead to
overly rapid forest depletion and thereby depress log prices. This problem
is made worse if log exports are restricted.

Conversely, wood-products boycotts by consuming countries will have
perverse effects on the development of the forest sector in an open economy.
The boycotts will reduce the price of timber and this reduced price will lead
the processing and harvesting sectors to waste wood. Investment in forest
management will lag, and forests are less likely to be protected from en-
croachment and more likely to be converted to other, nonforest uses. Boy-
cotts will reduce hard-currency earnings for exporting countries, forcing
them to export still more timber to those countries that do not participate in
the boycotts. In short, boycotts on the import of tropical timbers are likely
to be ineffective and counterproductive.
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4. Perform Sector-Level Analysis

In considering policies for the forest sector, planners must disentangle
the economically optimal drawdown of old-growth timber inventory from
overcutting that is due to inappropriate policies or incorrect economic sig-
nals. Because there is no simple way to make such a determination, plan-
ners need to perform a careful, far-reaching examination of the forest sector
in individual countries before proposing individual projects or approving
structural loans. At a minimum, such analysis should include tenure insti-
tutions, policies for setting stumpage fees, forest management procedures
and requirements, factor costs, inducements for processing industries, trade
policies, and subsidies for, or limitations on, domestic demand.

This critical need for comprehensive forest-sector analysis does not nec-
essarily imply the desirability of comprehensive implementation of forest-
sector plans. The scarcity of administrative resources in most developing
countries demands that change be incremental rather than comprehensive.
Planners need to ask, How will a series of incremental changes lead to the
necessary reform?

This need for careful attention to policy dynamics is reinforced by the
economic dynamics of the forest sector. Policies should be adapted to the
changing needs of the sector. Policy mechanisms that rely on continuous,
incremental adaptation are much more likely to succeed than are ones that
depend on sporadic “comprehensive” intervention.

5. Remember the Need for Environmental Protection

Many of the environmental problems stemming from forest-sector de-
velopment result from one or more of the policy failures noted earlier. For
example, administered pricing systems might lead to too rapid depletion of
old-growth forests, with consequent deleterious ecological effects. Thus an
economically efficient forest sector will be a more environmentally benign
one as well.

Yet because so many of the products of the forest—clean water, biologi-
cal diversity, nontimber products used by indigenous people, and so on—
do not enter markets, even an otherwise efficient forest sector will system-
atically undervalue and underproduce these products. In theory such concerns
can be incorporated into a market economy, but the practical arrangements
for doing so have proved to be beyond the policy sophistication of even the
most politically advanced countries.

ANNEX

This annex provides a conceptual perspective on dynamic relationships
within the forest sector (resource depletion and processing expansion) and
between the forest sector and the developing economy as a whole. We present
three scenarios. In all three we begin with a country that is endowed with
an old-growth timber resource, and we examine how the forest sector de-
velops autonomously, that is, in the absence of policy interventions. We
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assume that secure private property rights prevail. After presenting the
basic scenario results, however, we address the issue of designing alterna-
tive institutional arrangements to emulate, without full-scale privatization,
the efficiency of market solutions.

The first scenario concerns a country with a closed economy (autarky).
Once this scenario has been developed, we can readily present the other
two, which relate to open economies, by highlighting points of difference
with the autarky case. In the second scenario, development of the country’s
timber resources has an insignificant effect on prices in world markets. In
the third, the effect is significant. In the two open-economy scenarios we
restrict our attention to countries with export surpluses in the forest sector.

As is typical in economic analysis, we hold many factors constant to
focus on the main issues at hand, with full knowledge that the real world
does not offer such constancy.

Forest-Sector Development in a Closed Economy

The first part of the story is the comparatively old and well-known saga
of the dynamic adjustment of the timber stock.* The second part links the
dynamic adjustment of the timber stock to the dynamics of forest industries
and the macroeconomy more broadly. Because economists have attended
less to the details of the second part of the story, it has neither the clarity
nor the certainty of the first*® We begin with the situation where private

* The problem of dynamic exploitation of a timber stock has been extensively
treated in the literature. Clark (1976), Anderson (1976), Heaps (1984), and Heaps
and Neher (1979) all treat this problem with an ageless inventory. More realistic
models which incorporate the important age-class structure of forests include Wan
(1966), Walker (1971), Jungenfelt (1973), Berck (1976), Tedder, Schmidt, and Gourley
(1980), Lyon and Sedjo (1983), Johansson and Lofgren (1985), Wan and Anderson
(1983), Kemp and Long (1983), Mitra and Wan (1985), and Brazee and Mendelsohn
(1990). Some of these models take demand to be perfectly elastic so that prices are
fixed, while others relax this assumption to maximize total surplus with a demand
curve either fixed in time or shifting in a known manner. None of these models goes
beyond partial equilibrium analysis of timber markets, and none discusses issues
related to processing or capital and labor markets.

# Although the economics of forest dynamics has never been formally linked to
sector- or economy-level dynamics, several recent papers cover some pertinent
ground. Solow (1974) linked resource use to a macroeconomy, to show that contin-
ued increases in per capita consumption were possible from a finite resource stock
if technical progress occurred rapidly enough. Pezzey (1989) also considered the
sustainability of development in economies that include natural resources. Ehui,
Hertel, and Preckel (1990) considered the trade-offs between agriculture and for-
estry in a developing country, thereby dealing with the land-use aspects of our
analysis. Panayotou (1989) examined the trade-offs between investments in resource
exploitation (in this case, minerals) and investments in other sectors of a developing
economy.
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property obtains, and then turn to other forms of tenure. Although our
exposition focuses on industrial use of forests, toward the end of this annex
we comment on connections between industrial development and environ-
mental values of forests.

Resource Dynamics with Private Property

In the early stages of development, dynamic equilibrium in two mar-
kets—that for land and that for timber—causes the country’s stock of old-
growth timber to diminish. Forested land is likely to have higher value for
agriculture and other alternative uses, especially when population growth
rates are high. Forests are then cleared as a result of demand for land, not
timber. In fact, trees might have a negative stumpage value and might sim-
ply be burned to lay bare the soil rather than be used as an industrial raw
material.

On sites that are not converted to alternative uses, harvest exceeds growth
because on a unit-area basis the extracted volume of old-growth timber
exceeds growth on the logged-over area. Thus when exploitation of old-
growth forests begins, harvests necessarily exceed growth.

High rates of forest conversion and great discrepancies between harvest
and growth do not imply, however, that forest exploitation is on an
unsustainable trajectory. The rate of harvest is determined by balancing the
opportunity costs of not harvesting the stand against the gains of cutting it
now. The opportunity costs of not harvesting a stand in the current period
include agricultural demand for land and industrial demand for capital.
These costs weigh against the returns, due to growth and stumpage price
increases, from holding the stand for harvest in a future period.

Initially, the balance favors reducing the inventory. The opportunity
costs are high because cleared land is scarce and interest rates are high (as
a result of the scarcity of capital in the economy). The value of holding the
stand for the future is low because of the lack of net growth in old-growth
forests (gross photosynthesis is just balanced by respiratory losses and
mortality). Old-growth timber represents natural capital that is not earning
a biological return but can be converted into financial capital for fueling
economic growth.

As the inventory of old growth declines, however, timber becomes scarcer
and, assuming that an efficient timber market exists, stumpage prices (or
implicit timber values) rise.* Rising stumpage prices depress timber de-

% As discussed later, even if an efficient timber market does not exist, a conces-
sion holder with secure, transferable tenure will internalize rising implicit timber
valuations and act as though an efficient market existed.
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mand and reduce the conversion of forest land to alternative uses as man-
agement of second-growth timber becomes economic. Ultimately, stumpage
prices and forest area stabilize. This transition from an old-growth to a
second-growth timber economy is illustrated in exhibits 6-4 through 6-6.

These economic adjustments cause the country’s original endowment of
forested land to be split into four distinct categories:

1. Some land is converted to nonforest uses, typically agriculture,
that earn higher rents. The remaining land is kept under forest
cover.

2. The most productive and acce551b1e forest land will be man-
aged intensively for second-growth timber.

3. Less-attractive sites will be logged for their original old- -growth
timber, but they will not be managed actively: Although invest-
ments in timber extraction pay off on these sites, investments in
timber management do not. These sites will be “pulse-harvested,”
that is, they will be left to regenerate naturally and will be har-
vested again when they have grown a second crop of timber.

4. Finally, the highest-cost old growth will remain unharvested
and will become economic wilderness.

The country’s long-run timber base consists of forests in the second and
third categories. Although timber flows from the second category might be
expected to be more or less even over time, pulse extraction from the third
category could intermittently cause the country’s annual harvest to exceed
annual growth. At the time, this pattern of harvest might appear to be
unsustainable, but from a long-run perspective it is not only sustainable
(instantaneous harvest from pulse-harvested forests equals cumulative
growth) but economically optimal. (Exhibit 6-4 assumes that no pulse-har-
vesting occurs.)

Old-growth timber is liquidated through two processes land conver-
sion and logging in permanent forests. When exploitation of old-growth
timber begins, harvests rise as the agricultural frontier is opened and infra-
structure is built to access the forest (the dotted line for time less than zero).
As land conversion slows and logging occurs increasingly in second- growth
forests, harvests decline. Stumpage prices (shown here to be negative ini-
tially) rise at a decreasing rate and stabilize once the transition is complete.

At this point, harvest equals growth.
' In an open economy, harvests may decline more rapidly if importing
wood or wood products is less expensive than exploiting domestic forests.
This is shown by the dotted line in the positive quadrant.
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EXHIBIT 6-4. Transition from an Old-Growih to a Second-Growth
Timber Economy
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EXHIBIT 6-5. Timber Processing in an Open Economy
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In a closed economy, output of processed products will more or less
parallel the trajectory of harvests shown in exhibit 6-4. The trajectory will be
somewhat less steep if recovery rates are not fixed, but processing will
inevitably decline.

In an open economy, shown in exhibit 6-5, the relationship between
harvesting and processing depends on trade as well. Quantity of processed
products is depicted in log equwalents In region I, logs are exported and no
domestic processing occurs. In region II, processing begins, but some logs
are still exported. In region III, the output of processed products has risen
to the point at which it extends the sustainable level of harvest, and logs are
imported. The country shifts from being a log exporter to a log importer as
it gains comparative advantage in processing.

In broad outline, this description of dynamic adjustments in the timber
stock is consistent with development of the forest sector in the United States
(Clawson 1979; Sedjo 1990; Johnson and Libecap 1980). The area of produc-
tive forest land at the time of European settlement has declined by about
half; in the late 1800s, the rate of deforestation in the United States exceeded
the current rate in Latin America. Harvests exceeded growth until the middle
of this century, when the timber inventory stabilized and began to increase.
The annual rate of increase in stumpage price has declined from 4.6 percent
before World War II to 3.1 percent after, and it is forecast to decrease to 1.9
to 2.5 percent in coming decades (Binkley and Vincent 1988).

EXHIBIT 6-7. Industrial Roundwood Consumption Share of
Production, 1960-1987
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Resource Dynamics with Other Forms of Tenure

We have assumed that private ownership prevails and that property
rights are fully specified. In fact, in most developing countries the forests
are owned by the state and allocated for use as temporary concessions.
Transferring ownership to the private sector (whether local communi-
ties, private individuals, or corporations) might not be practical. Are there
means of emulating an eff1c1ent market outcome while maintaining public
ownership?

The answer is yes, as long as the tenure arrangement mimics the incen-
tives created by fully specified property rights. Efficient tenure arrange-
ments will incorporate four fundamental property rights: exclusivity, trans-
ferability, divisibility, and enforceability (see, for example, Hartwick and
Olewiler [1986]). We discuss only the first three, as enforceability in the present
context pertains to the assurance that the first three rights hold. Enforceabil-
ity is perhaps the most important right of all, but its importance is obvious.

Exclusivity is generally what is meant by “security” of concession rights.
Concessionaires must be assured that they will reap the returns to (1) hold-
ing onto timber until it is economically mature (taking into account both
biological growth and stumpage price increases) and (2} making invest-
ments in forest management, either direct investments such as planting and
thinning, or indirect investments such as logging in such a way as not to
impair forest regeneration. Exclusivity does not necessarily imply either
private ownership or long-term concession contracts. Short-term contracts
that include clearly defined and politically well-accepted criteria for renewal
can mimic exclusive rights (e.g., making renewal automatic if concession-
aires abide by logging regulations and do not relog second-growth sites too
soon). Similarly, provisions for compensation for forest improvements achieve
the same effect {e.g., reimbursing concessionaires who leave the forest in
better condition an amount greater than their security deposit). Tenure se-
curity in the sense of exclusivity need be no more (and no less) than the
right to collect market value for the concession if it should be expropriated.

Transferability, combined with exclusivity, makes the initial allocation
of concessions irrelevant from the standpoint of economic efficiency. The
argument is analogous to that for the well-known Nobel Prize-winning Coase
Theorem (e.g., see Hartwick and Olewiler [1986]). Transferability allows
concessions to “migrate” to concessionaires with the lowest discount
rates, for whom long-term forestry investments have the highest net present
value, Hence, these secondary concessionaires can “bid away” concessions
from initial recipients who are myopic (perhaps because of political motiva-
tions). Allowing concessions to be sold at any point makes forestry invest-
ments more liquid and thus more appealing to risk-averse investors, by
giving investors the option to collect their return whenever they want (as-
suming, of course, that there is a competitive market for concessions). The
incentives for efficient forest use created by transferability are obviously
reduced by “use it or lose it” provisions and other common features of
concession contracts.
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Although we stress here the efficiency benefits of transferability, we do
recognize that the initial allocation of concessions might have important
equity ramifications.

Divisibility is a subsidiary condition to transferability, but an important
one. It allows transfers to take place at their most efficient size. It allows
concessions ultimately to have a size consistent with returns to scale in
harvesting and management. If returns to scale in harvesting and manage-
ment differ, divisibility, combined with transferability, allows concessions
to be configured to different sizes for harvesting and managing operations.

If these rights are enforced, the holder of a concession will face the
correct implicit value of timber even if ownership remains vested in the
state and even if formal markets for stumpage do not exist. Resource tenure
is thus revealed to be a more fundamental condition for efficient forest use
than the state’s rent capture: Although an efficient outcome is possible if
resource tenure is nonattentuated and rent capture is low, the converse is
not true. Rent capture is more an issue of equity than efficiency.®

Although resource tenure is a more critical and fundamental issue than
rent capture, the methods used to capture rent can themselves have per-
verse efficiency effects. For example, assessing royalties on extracted logs
rather than on standing trees may induce high grading (Gillis 1980, 1988b;
Vincent 1990b). Assessing timber fees on timber volume rather than on
concessionaire income (profits) or concession area may distort forest man-
agement decisions. However, we suspect that these problems are likely to
be minor compared with the efficiency issues related to resource tenure.

'Industry Dynamics

How do adjustments in the timber stock affect development of wood-
processing capacity? Obviously, if recovery rates in converting timber to
processed products are fixed, the country’s output of processed products
will exactly parallel its timber harvest (remember that we are considering a
closed economy). Thus, output of processed products will decline as the
transition is made from old growth to second growth.

This decline will be mitigated if recovery rates are not fixed, so that
mills can alter their processing technology in response to changes in relative
factor prices. Assuming that delivered log prices rise along with stumpage
prices (that is, technological improvements do not cause logging costs to
decline more rapidly than stumpage prices increase®), recovery rates will

. ¥ Discussions of tropical timber concessions have tended to emphasize rent cap-
ture rather than resource tenure (Page, Pearson, and Leland 1976, Repetto and Gillis
1988, Vincent 1990b). Resource tenure has generally been discussed superficially, for
example, by recommending simply that concessions be made long-term,

3 It is economically optimal to log first the sites that are most accessible and least
difficult. Hence, in the absence of technical change, we expect logging costs to rise
over time as logging moves to more remote sites and areas with more difficult
terrain.
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increase to conserve wood. Despite the scope for making more product
from less wood, it appears inevitable that at some point production of pri-
mary products will decline and the couniry will face the need to disinvest
in primary wood-processing capacity.

Because the economy is closed, decreases in domestic productmn must
be matched exactly by decreases in domestic consumption. Why does con-
- sumption of wood products-decline? Increases in log prices cause increases
in product prices, although at a lower rate, because of factor substitution
and technical change. Higher prices encourage substitution in end-use mar-
kets away from conventional wood-based products For example, since 1900
the annual consumption of softwood lumber in the United States has re-
mained roughly constant at 40 to 50 billion board feet despite a sevenfold
increase in economic activity and a more than doubling of population. Per
capita consumption has fallen from almost 600 board feet per capita to less -
than 200.

Macroeconomic Dynamics

What do these adjustments in the forest sector imply for important
macroeconomic variables such as capital, labor, government revenue, and
the relative importance of the forest sector? Reduction in the timber stock
increases the supply of fungible capital. With the increase in capital comes
a reduction in the price of capital—the interest rate—relative to the prices of
labor and timber. The reduction in the relative price of capital is accentu- -
ated by rising wage rates (as the economy develops, per capita income rises)
and, as noted earlier, rising timber prices.

The lowering of interest rates has two feedback effects on the forest
sector: The feasibility of long-term investments in forest management is
enhanced, and logging and processing industries substitute capital for labor
and for timber. This substitution causes employment per unit of output to
decrease (conversely, labor productivity rises, and with it the standard of
living for those employed). Employment in the forest sector will be main-
tained only if process deepening occurs, that is, if downstream industries
develop. Whether these industries develop depends on the returns to labor
and capital in other sectors of the economy: downstream wood processing
may not be an efficient use of a country’s nonwood factors of production.

Government revenue from the forest sector might decline. When forests
are publicly owned and forest revenue systems fully capture stumpage value,
revenue will decrease if the rate of decrease in harvest is greater than the
rate of increase in stumpage value. When forests are privately owned or the
government does not capture all the stumpage value from public forests,
revenue from timber harvests will surely decline if ad rem royalties are
used and might decline under ad valorem systems as well. To some extent,
decreases in revenue might be offset by taxing the income generated by
processing industries.

In this scenario—the autonomous development of a forest sector in the
absence of policy intervention—the relative, and perhaps even the absolute,
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economic importance of the forest sector will ultimately decline. As land is
shifted from trees to crops, the agricultural share of gross domestic product
(GDP) will rise relative to forestry’s share. The share of nonwood manufac-
turing will increase in response to capital freed up by liquidation of old-
growth timber stocks.

Forest-Sector Devélopments in Open Economy

Let us now assume that the country has entered the world market be-
cause world timber prices have risen sufficiently to create international de-
mand for its timber, either directly through log exports or indirectly through
exports of processed products. In other words, the country is the newest
producer on the world margin. Opening the economy to international trade
has at least four potentially profound impacts on development of the forest
sector:

1. If other countries have comparative advantage in agriculture,
less of the country’s forest land will be converted to crops. Con-
versely, if opportunities for exporting crops are made available,
more forest land will be converted.

2. The addition of international demand will reduce the likeli-
hood of negative stumpage values. Tirnber will be rendered a
saleable commodity instead of a costly obstacle to land clearing.
In the early phases of exploitation, this situation will lead to more
rapid land conversion.

3. If the economy is open not only to international commodity
markets but to international financial markets as well, and if interest
rates are lower in the international market than in the domestic
market, investments in forest management and wood processing
will begin earlier. Of course, these investments will be postponed
if higher international interest rates offer greater returns to capital
created from cashing in old-growth forests.

4, Trade allows the country to use its factor endowments more
‘efficiently, through (1) taking advantage of economies of scale
that might not be achieved if production is limited by a small
domestic market and (2) specializing its production according to
comparative advantage. If the country dces not initially have com-
parative advantage in wood processing, it will export most of its
log harvest and direct most of its capital and labor to nonwood
manufacturing sectors. It might even import processed products
to meet domestic demands. Imports will force its processing in-
dustry to minimize costs and to innovate to remain competitive.
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Over time, the country might be expected to develop comparative ad-
vantage in processing if its capital costs decrease, its labor force becomes
more productive, and rising logging costs make location of mills close to the
resource more advantageous. Import substitution, followed by export sub-
stitution (exporting processed products rather than logs), might then occur -
as a natural sequence. By following comparative advantage, the country
might be able to avoid the inevitable overcapacity in wood processing that
occurs in a closed economy: capacity could rise gradually to match sus-
tained yields from second-growth forests.

These points hold regardless of whether the country’s timber resources
are small or large relative to global resources. A key difference between the
small and large cases is that if the country’s forest sector is small—that is, if
its lavel of production has an insignificant effect on international prices—
pulse-harvesting is more likely to occur. The best harvest decision will be to
harvest instantaneously (or as close to instantaneously as is possible) all the
country’s forests that are economically exploitable at the current, exogenous
world prices. If the country lacks sufficient comparative advantage to rely
on imported timber after its' domestic timber supplies have been exhausted,
the short period of harvest will inhibit investments in wood processing.

As the size of the country’s timber resources rises relative to the world’s,
the dynamics of its forest sector resemble more and more the dynamics of
the closed economy case. Stumpage prices will be determined endogenously,
through the interaction of domestic and foreign supply and demand. They
will gradually dampen the (noninstantaneous) drawdown of old-growth
stocks and promote transition to a second-growth timber supply. The closed-
economy scenario thus provides a useful paradigm for understanding the
essential features of the open-economy case, as long as the four points just
listed are kept in mind and the country is not too small.

An open economy may be influenced by trade sanctions. For the pur-
poses of forest policy, boycotts on tropical timber are among the potentially
most significant of these (see Hamilton 1990; Vincent 1990a). Pressured by
environmental organizations, governments of several Furopean countries
have considered or implemented bans on the import of tropical timber. The

putative idea of these boycotts is to stop deforestation. Boycotts on timber

imports are unlikely to achieve this objective directly. Because boycotts re-
duce the value of tropical timber, they may have several perverse side ef-
fects that will actually increase the rate of deforestation.

In moist tropical forests, land-use conversion, not commercial logging,
is the major cause of deforestation. Frequently the timber harvested is sim-
ply burned or left to rot on the site rather than being processed for local use
or international trade. Unless the timber enters trade, a boycott can obvi-
ously have no impact on the economics of land-use conversion. Even if the
timber removed is sold into international trade, the increase in land conver-
sion costs induced by a boycott is likely to be small compared with the
differences in the value of land for timber production and for agriculture
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(Perez 1990). A boycott may affect those lands where the economics of con-
version are marginal, but the total area affected is likely to be small.

Conversely, boycotts will reduce the return from sustainable forestry
practices. Governments and landowners will be less likely to protect
or manage forests if their economic value has been reduced by timber
boycotts. Indirectly, boycotts may actually increase the rate of land-use
conversion.

Finally, by reducing the price of exported timber, boycotts exacerbate
problems related to fiscal deficits, balance of payments, and debt service.
Facing a lower unit price, countries may need to harvest and export a greater
volume simply to offset declines in revenue and hard-currency receipts. The
problem will be particularly significant for developing countries in which
timber receipts make up a large fraction of public revenues, and those that
have large debt burdens.

Environmental Considerations

By generating the increases in stumpage prices that enable forests to
outcompete alternative land uses, industrial use of forests can play an im-
portant role in stabilizing the area of forests and stimulating investments in

-timber management. Because there is more to forests than just timber, how-
ever, relying on timber prices alone to determine the ultimate composition
of a country’s forest estate will lead to a suboptimal outcome. Most of the
externalities associated with natural forests appear to be positive: watershed
protection, habitat preservation, micro- and macro-climatic amelioration,
aesthetic values, and so forth. To the extent that market-based decisions
ignore these values, conversion of forests to alternative uses such as agricul-
ture is likely to proceed too far.

Not only will the forest estate be too small, but its composition will be
suboptimal. The area of remnant old-growth forest will be too small be-
cause markets fail to account for its nontimber values. As a result, there
may be an irreversible welfare loss: Forest-based industrialization can con-
tribute to the overall economic development that ultimately raises the value
human populations attach to old-growth forests, but it may destroy the
direct source of this value before the future generations that hold these high
values have been born. As a country develops, its people’s income, educa-
tion, and leisure time increase—and so do the aesthetic and recreation val-
ues of its forests. Future generations in developing countries will probably
place more value on pristine forest environments than do current genera-
tions, but they are not present to make their case when the apparently
irreversible (relative to the length of human generations) decision to harvest
old-growth forests is made. In the tropics, this market failure is accentuated
by the fact that the old-growth forests that are richest in an increasingly
recognized nontimber value—biological diversity—tend to be those in the
lowlands, which are generally the first to be harvested and converted.
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If timber management is complementary to nontimber values, the area
of forest that is actively managed will be too small, and the area that is
pulse-harvested will be too large. Failure to account for nontimber forest
products used by local populations (see Peters, Gentry, and Mendelsohn
1989) will lead to an overemphasis upon timber use in both types of forests.
: Finally, forests apparently play an important role in the global carbon

cycle (Detwiler and Hall 1988; Tans, Fung, and Takahashi 1990). In the short
run, harvesting old-growth timber, even if the harvested areas are con-
verted to faster-growing second-growth stands, will release carbon dioxide
into the atmosphere (Harmon, Ferrell, and Franklin 1990; Dunsworth,
Northway, and Hawkins 1990). In this case, “short run” refers to the period
of time needed for the conversion to take place, and therefore might last for
30 to 60 years. Conversely, new forest plantations can serve as carbon sinks
if they are established on areas that currently support only small carbon
pools (Sedjo 1989; U.S. Environmental Protection Agency 1989). Because
these concerns are not incorporated into private decisions, the rate of deple-
tion of old-growth timber will be too rapid, the regeneration of second-
growth forests will be too slow, and the area of new plantations will be too
small. ‘
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Forest Concession Management
and Revenue Policies

Malcolm Gillis

Incentives for forest use are influenced by a variety of government policies
and projects. Policies established by government agencies nominally
responsible for oversight of national forest endowments or forest-based
industrialization are often referred to as forestry policies. This chapter fo-
cuses on how these forestry policies affect logging activities and forest-
based industrialization in tropical nations.

COMMONALITIES

The extent and quality of fropical rain forest endowments vary greatly
in Africa, Asia, and Latin America. Still, forest use in all three regions to
some extent has six elements in common. .

1. Accelerating rates of deforestation, with logging as a secondary or tertiary
cause of deforestation. In all three regions, as well as in the tropics in general,
commercial logging has not been the leading direct cause of deforestation.
Worldwide, logging is thought to account for only 21 percent of total
deforestation. Nonetheless, damages flowing from inappropriate forest
incentive policies governing logging have been sizable: 12,000 square miles—
roughly half the size of West Virginia—are deforested annually. In addition,
the area degraded (45,000 square miles per year [Myers 1990]) by the type of
selective logging typically practiced in the tropics is generally much higher
than the area deforested by loggers. Moreover, logging roads in forests
degraded by selective logging open up previously inaccessible forest areas
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to shifting cultivators, the principal agents of deforestation. Thus the fires of
shifting cultivators often merely administer the coup de gréce to already
logged-over forests, in a two-stage process of land-use transition that may
account for as much as 80 percent of the global conversion rate of tropical
rain forests Myers 1989a). -

2. Heavy emphasis on policies geared to extraction of benefits from the
productive, rather than the protective, services provided by the forest. Incentives
have been directed almost exclusively to exploitation of the productive .
resources of the forest; the value of protective services has been ignored,
although many such services are manifestly economic in the long run.
Moreover, incentive policies have been based strongly on the assumption
that only two of the productive resources were of any economic value: the
timber stands and the generally poor-quality agricultural land lying under
the canopy. Consistently overlooked in the formulation of forest incentive
policies is a third economic resource: the capacity of intact forests to supply
a perpetual stream of income from commercial and noncommercial nonwood
forest products. Virtually all these products can be harvested without
degrading the forest, and all but one (rattan) can be harvested without
removal of woody stems from the forest. Commercial products that are
already known number in the hundreds; they include nuts, oils, fibers, bush
meat, cosmetic compounds, dyes, fruits, latex, ornamental plants, spices,
and pharmaceutical substances (Jacobs 1988).

3. Declining foreign participation in timber extractive activities and processing
activities. The notable. reduction of the role of large foreign firms in the
harvest and, more recently, in the processing of tropical timber has been
particularly apparent in Southeast Asia. Large multinational wood-products
enterprises dominated the timber sectors in the Philippines and Peninsular
Malaysia throughout the 1950s and played a highly visible role in logging in
East Malaysia and Indonesia until the early 1970s.

- Large multinational firms have not been a major factor in timber extrac-
~ tion in Central America in recent years, because much of the timber cut
annually is not harvested for commercial purposes. Only in Honduras is
commercial timbering a major generator of employment and foreign ex-
change (Leonard 1987).

With two exceptions, large forelgn logging enterprises have had no
major presence in South America since at least 1960. Daniel Ludwig’s Jari
project, which was begun in 1967 on 1.2 million hectares, was sold at sizable
losses in 1982 to Brazilian interests (Schmink 1988). And in Colombia, in
1974, Carton de Colombia, a large American-based wood-products enter-
prise, was awarded a 30-year concession for 61,000 hectares near the Pacific
coast (Cardenas and Pena 1990).

In Africa, large foreign-based timber firms, once dominant in Ghanaian
timber, virtually abandoned the sector in 1977 and drastically reduced their
presence in Liberia after the early 1970s. In Fvory Coast, however, and to an
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even greater extent in Gabon, foreign firms maintained a significant pres-
ence through the late 1980s (Gillis 1988¢). In the Pacific, the Papua New
Guinea government has recently accused large foreign firms of transfer pricing
manipulations in timber export (World Bank 1990), a common compiaint in
Indonesia in the 1970s.

4. Accumulation of property rights to the forest in the hands of central
governments. The underlying system of forest property rights has a significant
bearing on prospects for reform of forest incentive policies. In the Philippines,
Ecuador, and Indonesia, these rights have been constitutionally bestowed
on central governments. In Malaysia, property rights to natural forests are
vested in each of the 14 states of the Federation. The forests of Africa are
also predominantly publicly owned, either wholly by central governments,
as in Ghana since 1973 or in other countries by various combinations of
central, state, and provincial governments, or villages and communities {Grut,
Egli, and Gray 1990). Nevertheless, a small part of the forests of Ivory Coast
is owned by the private sector. Transfer of these property rights from the
government to the private sector often involves environmentally anomalous
activities. In Ecuador, destruction of natural vegetation is usually a
prerequisite for formal tenure in colonized parcels. Settlers in the Brazilian
Amazon obtain title in a forested parcel only by clearing part of it (Southgate
and Whitaker 1989). In eastern Malaysia, any Sabah native may obtain title
to forest land by clearing and working it.

5. A shift in concessions policies away from special contracts and toward
greater reliance on general law. Until the end of the first decade after World
War 1, special contracts were widely used in both mineral and timber
concession agreements. The largest of these in forest sectors were the Ford
concession in 1926 and the Ludwig undertaking in Brazil. These contracts
were tailored to a particular mining operation or forest project, containing
special tax and royalty provisions governing each operation. In addition,
the contracts specified most other regulations to control mining or timber
operations, including output minimums or maximums, hiring of host country
nationals, safety rules, and length of concession (variable from one agreement
to another even within a single country). Some ad hoc contracts even specified
the definition of gross income and the specific cost deductions allowed. By
1990 the overwhelming majority of timber operations were subject to
provisions of general law.

6. Severe underpricing of tropical timber by the owner, leading to serious
wastage of the resource. Virtually all nations with tropical timber endowments
underpriced the wood resources of the forest, at the same time that they
- have placed heavy emphasis on the productive as opposed to the protective
‘services available from the forest. Underpricing of these resources, through

outdated and highly defective systems of forest fees and taxes, has provided
false signals of timber abundance, leading to severe waste, not only in
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harvesting practices but in timber processing (Repetto and Gillis 1988; Gillis
forthcoming). Moreover, underpricing of the resource has meant that the
resource owner has failed to capture sizable proportions of timber rents.
Instead, extractive firms have appropriated a large proportion of uncaptured
rent. Worse yet, large amounts of potential rents have been destroyed through
waste induced in part by underpricing.

CURRENT CONCESSION POLICIES

As much as 90 percent of industrial wood is harvested under conces-
sion agreements (Schmithusen 1980), by which the government, as forest
resource owner, formally grants a company exclusive rights to exploit the
wood potential of the forest or to manage a specific forest parcel. The con-
ditions of a concession agreement are clearly defined in some countries, less
so in others. Absence of concession agreements in any given country does
not by any means imply an absence of commercial wood harvests. For ex-
ample, when Ecuador reportedly imposed a ban on new logging conces-
sions in 1982, agricultural colonists sharply increased harvests,’ switching
their land-clearing techniques to an emphasis on harvesting and marketing
of commercial species.? Attempts to curtail deforestation arising from log-
ging might well be focused on efforts to improve the concession system,
rather than on more drastic measures such as abohshmg concessions or
imposing logging bans.

Large-scale use of troplcal timber resources began nearly four decades
ago amid virtually complete ighorance of the ecology of the tropical forest.
‘Now people have come to appreciate the complexity of this ecology, but
otherwise little of the ignorance about it has been dispel .d. And even de-
cades of field experience and careful research do not always lead to pre-
scriptions for reform that protect both economic and ecological values of the
forest.

The evidence that has become available indicates that certain changes in
concession. policies (over and above reform of generally applicable forest
use fees discussed later) represent moves in the right direction, even if they
fail to deal adequately with all issues in all settings. Great care is required
in generalizing about reform across diverse tropical timber endowments:
Actions that are economically and ecologically appropriate for the forests of
Latin America will rarely be as suitable for the forests of Asia and Africa;
and some prescriptions for reform in Southeast Asia may be inadvisable or

! Imports of chain saws were reported to have tripled in the three years after 1982
(Southgate and Whitaker 1989).

2 Ecuador apparently distinguishes between “licenses” and concessions to harvest
timber. By 1989, apparently two-thirds of the Amazonian forests were designated
for commercial timbering (Winterbottom 1990).
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unenforceable in Africa or in other parts of Southeast Asia. Indeed, the
reforms examined here are much more likely to be appropriate for the
primary forests of Southeast Asia, the region that has dominated world
trade in tropical timber for two decades. Even so, before they are imple-
mented for all forests in that region, these reforms may require significant
modification, particularly in Papua New Guinea, where forests are more
heterogeneous and forest property rights less well established than in Indo-
nesia or Malaysia.

Award, Assignment, and Revocation of Concessions

Tropical nations face three basic alternatives in selecting a process of
awarding concessions: administrative discretion, competitive auction, or some
combination of the two.

Administrative Discretion

The most common method of award of concession rights has been that
of administrative discretion, involving negotiations between government
officials and applicants. Prospective concessionaires apply for logging rights
on particular parcels in areas where logging is permitted. Eligibility may
vary with the country, nationality of applicant, size of firm, commitment to
domestic processing of timber, and other factors. Increasingly, eligibility has
been restricted either to nationals, as in Ghana since 1973 and in Indonesia
since 1974, or (as in most cases) to enterprises with majority participation by
nationals. Gabon remains the most notable example of countries that allow
concessions to be awarded to firms with 100 percent of equity held by
foreigners.

Following negotiations, concessions are allocated among eligible con-
tenders by administrative decision; guidelines for these decisions are rarely
published. The pattern of awards from country to country has sometimes
shown evidence of favoritism to particular political groups, and, on occa-
sion in Southeast Asia and Ecuador, to military interests (Winterbottom
1990, 54). In any case, reliance on administrative discretion in award of
concessions allows ample scope for collusion and financial irregularities
(Grut et al. 1990, 41-42).

Competitive Auction

Auction procedures may apply not only to initial award of concessions
but also to reallocation of concessions returned, expired, and revoked. Com-
petitive auction of concession rights, instead of administrative award, has
been advocated as a method of avoiding the financial irregularities and loss
of revenue for governments as resource owners. In addition, proponents of
competitive auctions argue that, by enabling governments to capture more



144 MANAGING THE WORLD'S FORESTS

rent for the owner, auctions would make wood more expensive, thereby
encouraging better use both in logging and processing (Grut et al. 1990, 59).

Auctions offer substantial benefits, but many of the benefits may be
secured without relying only on auctions. Indeed, auctions are feasible only
when there is an inventory of timber resources adequate to permit parcels
to be auctioned, a condition not met for most parcels in most tropical
nations.? _

Auctions are feasible only when the auction market is sufficiently com-
petitive, when there is no collusion, when the costs of gathering and evalu-
ating information on stand quality are sufficiently low, and when the auc-
tioning agency is sufficiently well staffed. These conditions prevail in few
nations with sizable tropical forests.

Auctions for granting concessions have been used in a few countries to
date, most notably Venezuela and Malaysia, with successful, if not fully
documented, results reported in both cases {Gillis and Repetto 1988).
Schmithusen (1977) reports that auction premiums in Sarawak were at one
point as high as 20 percent of total stumpage revenues. Auctions, through
sealed bids (closed tenders), have also been used in many of the 11 states of
Peninsular Malaysia.

Composite Methads

Administrative discretion and auctions are not mutually exclusive ways
of granting concessions. Where the information on forest quality is moder-
ately good but still far from complete, features of an auction system can be
combined with limited administrative discretion in awards.

Such composite methods have been most frequently used in the award
of exploration rights for oil and gas. For example, Indonesia’s production-
sharing contracts have long required “signature bonuses” for cil and gas
tracts. The company offering to pay the highest signature bonus for a par-
ticular tract is awarded exploration and extraction rights. For particularly
promising tracts, the bonuses have been sizable, particularly when world oil
prices were high. Between 1979 and 1981, several foreign oil and gas firms
paid signature bonuses as high as US$75 million to Indonesia.

Composite systems of concession awards have much to recommend
them for tropical timber, provided enough bidders are present and the scope
for collusion by bidders is limited, information on timber stand quality is
more than rudimentary, and the quality of on-the-ground supervision by
agents of the owner (the government) is sufficiently high. A signature bonus

# The Peninsular Malaysia Forestry Department already carries out prefelling in-
ventories one to two years before harvest. Inventories record stocking (number of
trees) per diameter class (12 classes in 5-to-15-cm increments) and by species group.
Estimates of standing timber volume are created as part of this process (Vincent
1990Db).
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becomes the decisive factor in'the administrative award of concessions among
otherwise similarly situated claimants, thereby reducing the scope for rent-
seeking activities. The bonus also serves as one element of a wider strategy
of capture of timber rents. But by itself, no bonus can capture all, or even
most, of the available rent, or dispense with all arbitrary factors in award
concessions.

Composite methods of award have worked Well in other natural re-
source agreements and could be implemented for parcels that have been
recently included in careful, systematic inventory of forest resources. In
such cases, use rights would be granted to the firm willing to pay the high-

~ est signature bonus, in addition to incurring the other fiscal obligations

expected of all concessionaires.

 Transferability of Concession Rights

A limited number of tropical countries have allowed the transfer of
concession rights. Allowing concessionaires to sell concession rights, with
or without government approval, provides the concessionaires with an in-
centive for sustainable use of the resource even if they do not intend to
request renewal. Steps taken to maintain the long-term productivity of the
concession, such as avoiding early reentry on logged-over stands or adopt-
ing felling methods less injurious to the residual stand, would then redound
to the benefit of the concessionaire. The capitalized value of the resources
thereby protected will (assuming an active market for transferable rights)
tend to be capitalized in the transfer price. And although making rights
transferable may, in the absence of auctions, increase the incidence of initial
awards to political cronies or favored military groups, transferability would
at least make it possible that the concession rights end up in the hands of
those for whom exploitation rights are most valuable.

At a minimum, transfers should be required to be formally recorded
with the government, even when government approval of transfers is not
required. This recording requirement is important not only to assure effec-
tive monitoring of harvesting activity by concessionaires, but also to safe-
guard their forest and nonforest fiscal obligations.

Renewal and Revecation of Concessions

Many troplcal nations have provided for the p0351b111ty of renewal of
timed concession agreements, but most renewal provisions are perfunctory
or vague. As in Indonesia, most stipulate that renewal is conditional on
“favorable performance by the concessionaire,” or on government evalua-
tion of satisfaction of all contractual requirements by the concessionaire.
Lack of clarity in the criteria for renewal and uncertainty regarding the
process of renewal contribute to insecurity of tenure and therefore to incen-
tives for “mining the forest,” or to “cut and run.”
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Conditioning renewals on criteria as vague as “performed satisfacto-
rily” is not in the interests of the government or private entrepreneur or of
the concessionaire. A much better approach is to structure the concession
agreement itself to provide at the outset strong incentives for sustainable
forest use, so that the owner and the concessionaire will have a shared
interest in renewal. The renewal process can be used to induce firms to heed
forest-conserving contract terms (Walker 1989, 3). Schmithusen (1977) holds
that renewal value could be an important incentive for concession loggers.

Revocation of unexpired concessions, once rare, has become more com-
mon. In 1979 Indonesia revoked a concession of a Philippine-based firm that
originally included 1.2 million hectares, largely on grounds that the firm
had taken no steps to establish domestic processing facilities (Gillis 1981). In
January 1989 Thailand announced the termination of virtually all 301 log-
ging concessions outstanding, in response to massive 1988 floods in the
south that were attributed to deforestation (Bangkok, The Nation, January
11, 1989). And in July 1989 the government of Indonesia “blacklisted” 114 of
the 548 concession holders for nonpayment of reforestation deposits (Jakarta
Post, July 17, 1989); 30 of the concessions originally blacklisted were later
revoked, and 130 others were fined as much as US$400,000. The threat of
revocation, when credible, may be enough to cause errant firms to comply
with prevailing rules; actual revocation can be a powerful signal to offer
firms tempted to circumvent harvest and financial obligations.

"~ Duration of Concessions

The question of duration of timber concession rights is linked to the
question of concession renewal. In nations with stable political and legal
conditions, a concessionaire who has complied with agreement terms might
reasonably expect an agreement to gain renewal (Schmithusen 1977; Walker
1990). '

Prior to 1940, the formal length of tropical timber concessions was in
many cases as long as 75 to 100 years. By 1987, concession periods, even for
large tracts, had become much shorter. Few governments now allow conces-
sions for as long as 20 years; these include the Philippines, Indonesia, Liberia,
Gabon, Sabah (for a limited number of licenses} (Gillis 1988¢), and the Cen-
tral African Republic (Grut et al. 1990). Elsewhere, concession periods are
typically 5 to 10 years, or even shorter.

Some people favor substantially lengthening the concession period be-
cause of considerations pertaining to the long growing cycles (60 to 100
years, depending on the species and the location) for commercial tropical
hardwoods. The foresters have long argued that concession lengths at least
as long as the harvest cycle (35 years in Southeast Asia) or preferably the
growing rotation. (70 years in Southeast Asia) would promote sustainable
forest use. Longer concessions would give logging firms more secure, stron-
ger financial interests in maintaining forest productivity, either by the use
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of logging methods that involve minimal damage to residual stands or by
reforesting (Whitmore 1984; Ross 1984; Setyono et al. 1985). Short conces-
sion terms-and the uncertainties of renewal give concessionaires little incen-
tive for long-term planning and little stake in maintaining long-term forest
productivity (Sedjo 1987, Kuswata 1980; Ashton 1988). Other -authorities
have encouraged longer leases in order to postpone uses of the natural
forest that are even more destructive than selective logging. Lengthening
the terms of concessions would also tend to magnify any incentives for
protection of forest productivity that might arise from having concessions
transferable and fully marketable. Governments have paid little heed to
proposals for matching concession tenure with rotation cycles, partly be-
cause prewar experience with longer concessions yielded little evidence of
sustainable development practices in natural moist forests.

Skeptics maintain that longer leases could reinforce uncontrolled min-
ing of the natural tropical forest (Grut et al. 1990). The skeptics’ arguiment is
premised primarily on low growth rates assumed for the physical volume
of commercial timber in stands and for the economic value of the stock of
residual stands. (Physical growth is asserted to be between 1 to 3 percent
per year for a stand remaining after logging of 100 to 200 cubic meters (m°)
per hectare. Long-term growth rates in value of tropical timber are asserted
to have averaged, at most, 1 to 2 percent per year.)

Incentives for sustainable use of natural forest endowments will, from
‘this perspective, be attractive only if the growth rate in the wvalue of the
biomass in residual stands is greater than the concessionaires” opportunity
cost rate of return, which is held to be not lower than 10 to 15 percent and
as high as 25 percent per year (Grut et al. 1990). Under these conditions, the
incentive to “mine” the forest would be essentially the same under a 5-year,
10-year, or 70-year concession period. This is less an argument against longer
concessions than a argument against the wide array of forest policy incen-
tives that combine to lead to forest mining. Nevertheless, the argument
merits careful attention. If (1) annual growth rates for the volume of bio-
mass and the per unit (m?) value of wood are as low as 1 to 3 percent and
1 to 2 percent respectively, and (2) if as many as 100 m® to 200 m® per
hectare are taken upon initial entry, and (3) if the real opportunity cost rate
of return for concession holders is as high as 15 to 25 percent, it is indeed
likely that concessionaires will always choose to mine the forest, because
the annual growth rate in the per-unit value of the biomass in residual

‘stands will be but 2 to 5 percent—well below the rate of return assumed to
be required by concessionaires.

Although growth rates as low as these may be typical for wood taken
from the forests of central and western Africa, they are not representative of
all tropical forests, particularly those of Malaysia and Indonesia. In Malay-
sia, the net (commercially valuable) annual increment in volume is esti-
mated at 2 m® per hectare per year. In Indonesia the increment per hectare
has been estimated at between 1 m® and 1.5 m® per year. In both nations, the
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harvestable stock of commercial species can be as high as 100 m® per hect-
are, but this is extremely rare. The harvestable stock for all production
forests is thought to average 50 m’ per hectare (yields per hectare have
averaged about 40 m® to 45 m® [Setyono et al. 1987]). In Indonesia, this
productivity would translate into an annual growth rate in biomass of be-
tween 2 and 3 percent, on the average, while in Malaysia the rate would be
about 4 percent.

Real rates of growth in per-unit value of tropical hardwoods taken from
Malaysia and Indonesia, particularly the high-quality Dipterocarps that have
dominated harvest there, have been appreciably higher than 1 to 2 percent
asserted earlier. Between 1966 and 1985, real prices of tropical hardwood
logs in Malaysia rose at average annual rates ranging from 2.0 percent in
Peninsular Malaysia and 2.5 percent in Sarawak to 3.7 percent in Sabah
(Vincent 1990a). Real prices of Philippine Lauan logs rose somewhat slower
over a longer period: 1.5 percent per year between 1955 and 1986.* And
although it may be true that the real per-unit prices of tropical timber have
increased by only 1 to 2 percent on average, over the long term much de-
pends on the period used to compute the average. The real price of high-
quality tropical wood has been rising faster than the price of low-quality
wood. Moreover, there is reason to believe that this pattern will continue
indefinitely (Sedjo 1987).

Moreover, even in the much richer troplcal forests of these two coun-
tries, average harvests on initial entry do not approach 100 m® to 200 m? per
hectare. Such a yield would require an intensity of harvest two to four times
the harvest in Indonesia since 1970.

Finally, the real opportunity cost rate of return for concession holders,
while perhaps as high as 15 to 20 percent in some African countries with
financial markets insulated from world capital markets, is nowhere near as
high as in Malaysia and Indonesia, which together account for more tropical
timber harvested under concessions than all of Africa combined.

In any case, the dangers of longer concessions are not all that apparent,
particularly when the forests of the Malayan archipelago are considered,
and particularly when the issue is the effective, not the formal, length of
tenure (because renewability can be conditioned on the degree of compli-
ance by concessionaires).

In the terminology of Grut et al., the growth in the value of the forest
biomass would have been on the order of 7.7 percent in Sabah (4.0 percent
+ 3.7 percent}, 6.5 percent in Sarawak, and 6.0 percent in Peninsular Malay-
sia. The real opportunity cost rate of return for concession holders in Malay-
sia may be no more than 5 to 6 percent, or well above the real interest rate

* Prices are in 1980 U.S. dollars. Three-year averages for the end points were taken
as a rough adjustment for cyclical behavior in the market (Panos Varangis, World
Bank IEC/CM, personal communication, 1990).
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on short-term deposits in the globally linked financial systems of Malaysia,
Singapore, and Indonesia in recent years.’

Size

Few concessions in recent years have been anywhere near as large as
the 1 million hectares granted to Henry Ford in Brazil in 1926. In the late
1960s and early 1970s Indonesia granted at least two concessions that origi-
nally exceeded 1 million hectares each. Typical concessions granted since
1980 seem to clump into two size categories: those between 80,000 and
100,000 hectares (Indonesia and Liberia) and those between 15,000 and 40,000
hectares (logging-only concessions in Gabon and the Philippines). Whether
the smaller category offers greater advantages in policing by government
and in manageability by concessionaires is an open question. Concession
areas as large as those available in Indonesia (1 million hectares) are clearly
too large to be easily policed, whether by forestry officials (to ensure that
firms comply with regulations) or by the concessionaires (to prevent inva-
sion by shifting cultivators and poaching).® In view of the widespread fail-
ure of concessionaires to perform according to expectations, whether in terms
of protecting forest productivity or payment of forest fees, prudence would
seem to argue for smaller concession areas than those typical for Indonesia:
perhaps 50,000 hectares at maximum. Smaller concession areas would pro-
mote greater competition in bidding in those nations moving toward an
auction system. At a minimum, restriction of concession size will discour-
age speculation in the form of “stockpiling” of desirable tracts to keep them
out of the hands of other firms. Limitation on concession size, of course, can
be reinforced by much higher area-based concession fees than now prevail
in most countries.

Harvest Systems and Annual Allowable Cut

Selective cutting methods govern timber harvests in virtually all na-
tions. Clear-cutting is ordinarily restricted to lands being converted to cattle
ranching, estate crops, resettlement sites, and areas to be submerged as a
result of construction of hydroelectric facilities.” :

The essence of selective logging is the harvest of only a small percent-
age of trees above the dbh (diameter breast height) limit, whether 40, 50, or

¥ World Bank 1989.

¢ Concessionaires may not always wish to prevent invasion by shifting cultivators.
In Brazil the former may indeed permit such invasions, in order to avoid any legal
consequences from failing to adhere to their forest management plans (Anderson
forthcoming). '

7 The area affected by clear-cutting is much larger than that affected by seleclive

logging. . :
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60 centimeters. Carried to extremes, selective logging involves cutting of
very low intensity, which results in the “high-grading” or “mining” of for-
est parcels, a practice that is often exacerbated by the structure of forest fees
such as timber royalties. The most extreme form of high-grading involves
the extraction only of the most marketable primary species (those that have
few deformities and are easily transportable),® with no harvest at all of so-
called secondary species. High-grading disturbs a larger number of forest
parcels to secure a given amount of wood. And for commercial species that
are intolerant of shade at critical junctures in their growth, low-intensity
cutting may harm immature trees because it does not create sufficiently

-large openings in the forest canopy.

Moreover, high-grading often involves significant depletion of tropical
forest resources above the amount of wood removed from (as opposed to
cut from) the forest. The reason is that stems not removed on initial entry
are often badly damaged by felling, skidding, and associated extractive ac-
tivities, particularly when high-lead (winch and cable} logging is the felling
method employed.® As a result the second-growth forest will have yields
well below expectations, even in the infrequent cases that reentry on re-
sidual stands is tightly regulated. Whitmore (1984), a leading authority on
tropical forests, maintains that felling trees in the direction that causes least
damage, plus well-planned skidding, can reduce damage to residual stands
by up to half. And in the Carton de Colombia concession mentioned earlier,
a low-intensity cutting system uses aerial ropeways to reduce damage to
residual stands (Poore et al. 1990). The high damage to residual standards
attests to the weak signals for protecting forest productivity implicit in the
overall structure of incentives facing loggers.

Different selective cutting regimes involve different degrees of high-
grading. Several systems illustrate the point: the Indonesia Selective Log-
ging System (ISLS), variants of the Malayan Uniform System (MUS) first
developed in 1949 (Ashton 1988, 195), an experimental system called Inten-
sive Dipterocarp Management (IDM), an experimental system called “gap
management,” and the CELOS (Center for Agricultural Research in Surinam)
system.

1

8 Many deformed and oversize trees die before the next culting period. Interim
reports on FAO plots in Sarawak indicate a mean annual mortality rate of 2.3 per-
cent for well-illuminated trees (dominant and co-dominant crown classes) in selec-
tively logged but untreated lowland forest. Mortality rates for old-growth forests
have been placed at 1 percent (Putz 1990).

? Logging damage refers to damage to residual stands, in the form of fallen, but
unextracted trees, or in the form of damaged or standing dead trees. One study
from eastern Mindanao found that 57 to 67 percent of the residual stand was dam-
aged or destroyed after high-lead logging, as opposed to 38 percent from tractor
logging (World Bank 1988, 19). Another study for Indonesia placed damage to re-
sidual stands as high as 72 percent for high-lead logging (using long cables), and
between 4 percent and 51 percent for tractor logging (Thiab and Karnasudirja 1981).
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The Indonesian Selective Logging System is representative of harvest
systems employed in practice, if not by regulation, in many Asian, African,
and Latin American nations. ISLS involves a 35-year harvesting cycle and a
70-year growing rotation (see Gillis 1988d; Sedjo 1987). Also known as the
“zero silvicultural freatment option,” ISLS leaves regeneration to natural
processes. The assumption underlying the ISLS is that the harvest will “re-
lease” the medium-size trees in the residual stand, encouraging their growth
for harvest in 35 years, while the new growth is to wait fwo harvest cycles
before it is felled.

This system has little to recommend it in Indonesia or elsewhere. The
low economic returns for loggers who adhere to the rules provide incen-
tives for circumventing the system, with consequences that are destructive
both economically and ecologically (Sedjo 1987). One of the principal meth-
ods used to circumvent the system has been unauthorized concessionaire
reentry on logged-over stands, sometimes within five years of initial entry.

A variant of the Malayan Uniform System is the Complete Harvest and
Regeneration (CHR) system. The CHR unifies the harvest and growing
rotation at 70 years (Sedjo 1987), so the forest would be allowed to re-
main undisturbed for 70 years, in order to rejuvenate. This system permits
harvest of all marketable trees. It does not, however, imply clear-cutting,
because in a heterogeneous forest large numbers of smaller trees as well
as species that are nonmarketable at the time of initial entry would re-
main. The system does not require the elimination (through such methods
as poison girdling} of “undesired” species. Although the CHR relies on
natural regeneration, it causes less damage to the stand and the soil than
ISLS, leaving the forest less vulnerable to catastrophic fires {because of less
ground litter) and allowing the opening of a smaller area to logging annu-
ally, for a given level of harvest. The CHR provides higher economic re-
turns than ISLS and is generally less in conflict with the harvest methods
that concessionaires are likely to want to pursue in their financial self-inter-
est (Sedjo 1987). '

The Intensive Dipterocarp Management system, still in the experimen-
tal stages for the forests of Malaysia and Indonesia, may contain lessons for
tropical forest management there and elsewhere. Under this plan, as under
the CHR, all saleable trees are harvested on initial entry to a stand. How-
ever, under IDM, regeneration is not left to natural processes but to new
silvicultural methods. After initial harvest, two separate plantings of seed-
- lings are undertaken. First, a pioneer species with relatively short maturity
(such as Albizza Falacataria) is planted and established in logged-over stands.
Three years later, Dipterocarp seedlings inoculated with essential mycorrhizea
(see Ashton 1988 for the relationship between this fungus and Pipterocarp
regeneration) are planted in the understory, with the pioneer species pro-
viding the requisite shade (Sedjo 1987). At year 15, the Albizza are har-
vested, “releasing” the Dipterocarps, which in turn are harvested at year 50.

Still another experimental silvicultural method, involving the applica-
tion of “gap theory,” combines elements of selective cutting with clear-
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cutting (Hartshorn 1989a). This system, which has shown some promise in
the tropical forests of La Selva, Peru, features harvests of long, narrow clear
cuts. A gap in the canopy is thereby created, as a means of promoting
natural regeneration of native tree species. Reportedly, about 63 percent of
the tree species that attain the canopy in La Selva, such as those that natu-
rally arise from tree falls, depend on gaps for regeneration. Simulation of
natural gaps by harvesting of all timber along narrow strips (30 to 40 meters),
100 to 300 meters long and about 150 meters apart, is reported to promote
excellent colonization of the harvested strip by native trees (Hartshorn 1989b).

This option merits scrutiny for management of forests where gap-
dependent tree species are abundant. High-grading of the heterogeneous
Amazonian natural forests has generally yielded only 3 m® to 5 m® per
hectare (Hartshorn 1989a), compared with an average of 40 m® to 45 m® per
hectare in Indonesia. Clear-cutting of the narrow sirips provides yields of
250 m® per hectare; slash is not burned, but scrap wood is converted to
charcoal.

The Palacazu forest management model in Peru represents an attempt
to integrate economic, ecological, and social principles in a setting where
forest property rights are held by local groups with a continuing strong
stake in sustainable development of tropical forest resources. As such, it
offers the possibility of using tropical forests without destroying them and
the biological diversity they harbor.

Finally, there is the CELOS (Center for Agricultural Research in Surinam)
system, a polycyclic management system that, like the MUS, is based on
controlled felling of trees above a certain diameter. The system involves
significant, and therefore expensive, silvicultural treatment after felling,"
including liana cutting and two poison-girdling treatments of noncommer-
cial trees (resulting in the death of 40 percent of the biomass that compete
with advanced growth of comunercial species).!” Sustained yield of high-
quality timber (20 m® per 20-year felling cycle) is apparently possible, if
felling and subsequent silvicultural treatments are gentle (Putz 1988).

Thus systems similar to the Indonesian Selective Logging Systems yield
the most serious degree of high-grading. For the Dipterocarp forests of the
Malayan archipelago, the CHR merits consideration. The promising but still
experimental IDM method also deserves consideration for use in Southeast
Asia. For the forests of Latin America, the CHR can be recommended with
much less confidence because the understory of Latin American forests dif-
fers from that of Southeast Asian forests.

1 The CELQOS system, while apparently sustainable, reportedly yields wood that
is several times more expensive than wood logged by other methods from Surinam’s
abundant forest (Poore et al. 1989).

" The CELOS system treatments are to be applied in three stages: first within 1 to
2 years of felling, then halfway through a 20-year felling cycle, then a few years
before the second cut (Putz 1988).
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Harvest systems based on application of gap theory to tropical forest
management offer some promise in some parts of Amazonian forests. It
remains to be seen whether this method can overcome problems associated
with the growth of weeds and creepers following gap clearance. .

Environmental Saféguards

Most forestry codes were written before many of the more serious en-
vironmental problems of deforestation were apparent to the general public
or to government policymakers. By 1990 three decades of intensive logging
on an extensive scale, coupled with growing numbers of shifting cultiva-
tors, had made readily evident the economic as well as the ecological costs
of rapid deforestation.

In Thailand forest cover shrank from 66 percent of land area in 1950
to only 29 percent in 1985; as noted earlier, the government has blamed
massive forest destruction for disastrous floods in the South. Similarly, in
the Philippines, logging of steep slopes around Bacuit Bay, Palawan, has
caused siltation that has contributed to smothering the nearby coral reef
{Myers 1988).

Rapidly growing sedimentation traceable to deforestation also has di-
minished the useful lives of hydropower projects in Brazil, India, and the
Dominican Republic (Gillis forthcoming). In East Java, sedimentation threat-
ens to reduce by two-thirds the economic life of a large multipurpose dam,
planned for 100 years (Panayouto 1988). In the Philippines, forest damage
from improperly constructed access roads (World Bank 1988, 19), as well as
skidding trails and nondirectional felling, has become a major source of
long-term sedimentation. In July 1990 the government of the Philippines
imposed a substantial “environmental fee”—which takes the form of a uni-
form specific royalty charged semiannually—to be used to offset adverse
environmental effects of logging.

Institutional problems, rather than lack of knowledge, account for much
of the failure to curb environmental degradation. Weak enforcement of en-
vironmental protection measures in logging is a consequence not only of
relying on understaffed, underpaid, or suborned forest agencies but also of
placing responsibility for monitoring and control in distant central govern-
ments rather than in the hands of local groups with the strongest stake in
sustainable development of forest resources. Where property rights for for-
est exploitation are in the hands of local groups rather than the central
government, effective measures have been more often taken to protect eco-
nomic and social values in the forest.

Measures requiring directional felling and proper construction of access
roads and logging trails contribute not only to the health of residual stands
but also to a reduction in the erosion that has led to many downstream
sedimentation problems. Where behavior cannot be easily changed to re-
duce adverse environmental effects of logging, the forest owner can at least
impose fees to offset these costs. But the prospects for protecting stands and
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the downstream environment from shifting cultivators, firewood gatherers,
and charcoal makers who follow legal logging and collectively complete the
process of deforestation are dim so long as the property rights to forest land
are not vested in local groups.

FOREST REVENUE SYSTEMS

Forest revenue systems can be made to serve several objectives beyond
that of collection of forest fees and taxes for the government as owner of the
resource and as sovereign taxing authority. Forest revenue systems can be
deployed to reinforce incentives for efficient and sustainable forest and
environmental management, which are either implicit or explicit in well-
crafted concession agreements and forestry codes. Moreover, by influencing
concessionaires’ decisions about forest renewal, increased use of trees and
species, and forest-based industrialization, forest revenue systems can
accomplish objectives for which concession terms may be ill-suited to
promote.

Few forest revenue systems go far toward satisfying these objectives.
Capture of timber rents through forest fees and taxes has been unsatisfac-
tory in virtually all nations with tropical timber endowments, sometimes
markedly so. Taxes and fees are typically low, partly because of inadequate
{(or nonexistent) mechanisms for adjusting them to inflation, and partly be-
cause of official accommodation to the rent-seeking behavior of politically
well connected timber concessionaires. Moreover, generally low fees and
taxes nominally imposed on timber operations often are not collected, in
part because of inordinately complicated revenue systems and in part be-
cause of shortages of forestry officials. Finally, the structure of forest fees
and taxes often provides strong signals (or reinforces other incentives) for
environmental degradation instead of protection of important economic and
ecological forest values.

The severity of these problems varies greatly from country to country.
But in general, inadequate forest revenue systems in virtually all countries
continue to be the prime cause of deep underpricing of the resource, with
all that underpricing implies for incentives for sustainable development of
forest resources, as well as capture of timber rents.

Forest revenue systems consist of two principal elements: requited pay-
ments to the owner and unrequited payments from extractive firms to the
government. The designs of these two elements reflect two different objec-
tives. The owner of a natural resource ordinarily seeks compensation for the
taking of the resource; a quid pro quo, or requited payment, is involved. No
such quid pro quo is involved in the exercise of sovereign powers of taxa-
tion;? income, sales, and export taxes are unrequited payments levied in

12 Except, of course, in the limited number of instances in which taxes are fully
based on the benefit principle, or in the case of local property taxation, when (and
if) benefits received from local government services are strongly related to property
values.
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order to support general government activity, or to achieve social and eco-
nomic purposes that may, but usually do not, bear any relation to use of
natural resources.

Requited Payments to Owners

In the overwhelming majority of nations with tropical forests the most
important type of requited payment by concessionaires is the timber roy-
alty, or stumpage fee. The other significant categories of requited payment
are license fees and reforestation fees. A limited number of countries use
auction of concession rights as an alternative or, more appropriately, a valu-
able supplementary method for collecting royalties or license fees.

- Royalties

Timber royalties have taken several different forms in tropical nations
but may be grouped into three general categories: specific royalties based
on volume, per-tree royalties, and ad valorem royalties. In turn, the three
may be implemented in various ways, with important implications not only
for rent capture but for forest-use practices.

Specific royalties. Specific royalties based on volume of timber extracted
have been imposed in two principal forms: uniform specific royalties and
differentiated specific royalties.

Uniform specific royalties are those levied on every cubic meter har-
vested, regardless of value, or on the costs of extraction, transportation, and
marketing. Traditionally, this most common form of royalty has been im-
posed on roundwood at the log pond or roadside, although in recent years
collection has shifted to the processing site (sawmill or plymill). The royalty
is imposed on processed products as they leave the mill, by means of pre-
sumed conversion ratios.”

Uniform specific royalties, once used widely in Africa, are now used
only in Liberia, Ecuador, Thailand, the Philippines, and the Peninsular
Malaysian state of Kelantan. In addition, Indonesia imposes a special “addi-
tional royalty” and a reforestation fee, but not a stumpage fee, as a uniform
specific royalty.

The single advantage of the uniform specific royalty relative to other
forms of royalty is administrative: it is the simplest of all timber levies and
is therefore conceptually the easiest to collect. But the substantial drawbacks

'3 The higher the conversion ratio, the lower is the rate of log use, and presum-
ably, the lower is efficiency in procession. In Indonesia, for example, the official
conversion ratio for plywood has been 2.3 m® of logs per 1 m® of plywood. The ratio
for sawn timber was 1.82 (Gillis 1988d). Similar conversion ratios have been used
for plywood in Ivory Coast (2.4), but the ratio reported for Gabon in 1980 is much
lower: 1.42 (Gillis 1988¢).
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of the uniform specific royalty make it one of the most unsatisfactory forms
of forest levy.

First, this form of royalty involves high-grading of stands at its most
pernicious. The royalty directly increases the “cutoff” grade below which
stems will not be harvested because the costs of extraction (inclusive of the
royalty) exceed the value of the stem. Lower-quality trees of the most com-
mercially desirable species will be bypassed, as well as higher-quality trees
of less desirable, or secondary, species (see Gillis 1980, 1988¢).

Second, the uniform specific royalty performs poorly in capturing rents
for the owner: if the royalty is high enough to capture most rent from
harvest of the most valuable stems, it will capture little of the potential total
rent from a stand, because it will induce loggers to bypass all but the high-
est-value stems. {(See Vincent [1990a] for an exposition based on Malaysian
experience.) Moreover, because in practice this royalty will be set low enough
to allow harvest of trees below the highest value, it contributes to the under-
valuation and thus the wastage of wood.

This form of royalty is poorly suited for rent capture for yet another
reason. Uniform specific royalties are nowhere indexed to inflation, whether
domestic or world inflation. When expressed in domestic currency, real
values of the royalty can depreciate by as much as 18 percent per year, as in
the Philippines between 1980 and 1986. And even when expressed in U.S.
dollars, the real value of such royalties has declined by as much as 5 percent
per year (in the early 1980s), and by as much as 22 percent in the 12 months
prior to September 1990.

Finally, uniform specific royalties discriminate in favor of accessible
stands and stands involving low extraction costs. _

Specific royalties differentiated by species or location have been used in
several countries. In Indonesia before 1979 different royalty rates were ap- -
plied to nine species (with the highest royalty on the most valuable species);
royalty rates were also uniformly lower for less accessible regions (Gillis
1980). Two Peninsular Malaysia states, Terengganu and Pahang, impose
differentiated royalty rates on five species of timber (Vincent 1990b). Sarawak,
Thailand, and the Ivory Coast use royalties differentiated by species; the
Papua New Guinea royalty is, in effect, differentiated by species and location.

The differentiation of specific royalties by species or location of harvest
represents a crude attempt to approximate an ad valorem royalty system.
Inevitably, the degree of differentiation of volume-based royalties has proved
insufficient to approximate the results obtainable under ad valorem sys-
tems. This type of royalty suffers to some extent from all the drawbacks of
the uniform specific royalty without exhibiting the only merit of the latter,
simplicity. While valuation for ad valorem royalties may have presented
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difficult problems in the 1960s or 1970s, this is no longer necessarily the
case, and thus these royalties are preferable to specific royalties."

Per-tree royalties and variants. Per-tree royalties are employed in Ghana
and Nigeria. Collection of this form of royalty is simple; it requires only the
verification of the number of trees actually cut, whether by counting stumps
(ex post) or actual stems taken. Therefore, the per-tree royalty system requires
no grading and scaling of logs, a common source of difficulty in all other
‘types of royalty systems. In practice, per-tree royalty systems tend to be
highly differentiated by species or location: Ghana applies 39 different rates,
with the highest rate 3.3 times the lowest. In Nigeria the highest rate is 38
times that of the lowest rate (Grut et al. 1990).

The per-tree levy has advantages other than simplicity. Because the
royalty is based not on volume but on stems cut, loggers might harvest
large individual trees that they would have bypassed had the royalty been
based on volume harvested, thus providing much larger canopy openings
for younger trees left behind. In addition, with significant royalties estab-
lished on a per-tree basis, it would not be worthwhile to harvest small trees,
which would be left to form the crop for future harvests. Per-tree royalties
achieve the purpose of Asian-type selective cutting systems without having
their complexity. In addition, this royalty encourages full use of those trees
worth harvesting provided the royalty is assessed on all trees killed, whether
used or not. Having paid. for the tree, a logger will use as much of it as is
financially worthwhile (Gray 1983).

Related to the per-tree royalty is the system wherein royalty is assessed

- on the estimated volume of timber in the standing stock, not on the volume

actually taken. This is the system used in the Congo. The efficacy of this
method of royalty collection depends heavily on the quality of the forest
inventory for stands harvested. With perfect and complete inventory infor-
mation and sufficient differentiation of royalty rates, the system offers sev-
eral potential advantages. If truly imposed on estimated volume in stems
above minimum-size girth, rather than volume extracted, it would capture
substantial timber rents. Because the royalty would be paid on saleable trees
whether taken or not, pressures for high-grading would be much less than
under a uniform specific or an ad valorem royalty.

Ad valorem royalties Ad valorem royalties, rare in tropical nations before
1975, are now used in Cameroon, the Central African Republic, Gabon, a
few ‘states in Peninsular Malaysia, and Sabah, and have been under
consideration in Papua New Guinea (World Bank 1990) and the Philippines.

" Close and reasonably up-to-date approximations to market values can be easily

obtained for virtually all “primary” species and most “secondary” species merely
by retaining the services of any of the dozens of reputable international accounting
firms.
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In most of these nations the ad valorem royalty is uniform across ali species
and locations, with rates between 1 percent and 6 percent, although in
Peninsular Malaysia the royalty is differentiated by species. Only in Sabah
are ad valorem royalties adjusted to reflect differences in extraction costs
and conditions in world markets.

Potentially, ad valorem royalty systems can, by the1r very nature, cap-
ture rent better than volume-based royalties can. This is not the case, how-
ever, for ad valorem royalties imposed at effective rates as low as in the
Central African Republic (0.25 percent). Ad valorem royalties produce a
lesser degree of high-grading than would be the case for any administrable
volume-based royalty system yielding equivalent revenues (see Gillis 1980,
1988d). Ad valorem royalties can also be differentiated, with lower rates on
lower~qua1ity species, if a high premium is placed on minimization of forest
mining.

Cost-adjusted ad valorem royalty systems can capture rents well for the
owner, because royalty rates can be set very high on high-quality timber
that has low extraction and transport costs—with much less risk that log-
gers will be induced to high-grade than would be the case if costs were not
taken into account. This type of royalty has been successfully used in Sabah'
for well over a decade, where it has managed to capture a sizable share of
timber rents. The Sabah royalty also contains a progressive feature that
contributes to its efficacy in rent capture, a scaler, which increases as log
prices reach progressively higher plateaus. The scaler has a value of 0.6
when log prices fall below a certain minimum,'® and it rises to 0.9 for the
highest-price plateau.

Royalties on processed timber. Royalty systers were traditionally applied
to roundwood values (log volume or value prior to processing or export).
As domestic processing of timber has steadily replaced export of roundwood,
however, pressures have arisen to apply royalty systems to output of
processed products, such as sawn timber and plywood. The nature of these
pressures is both administrative (Grut et al. 1990) and financial. Administra-
tively, it is argued that the number of processing plants is smaller than the
number of sites where logs are collected after harvest (log ponds, roadsides)
and that processing plants are more accessible to royalty collectors.
'Furthermore, basing royalty systems on processed products captures illegal
logs and eliminates problems and abuses in grading and scaling of logs.

Forest fees based on processed products apply to the volume, not value,
of output. Typically, the amount of the royalty is based on royalties previ-
ously applied to roundwood. For example, a royalty of US$10/m® on round-
wood is converted to a royalty of US$10/m® of sawn timber or plywood

15 The Papua New Guinea-differentiated volume-based royalty also allows deduc-
_ tions for presumed costs.
16 The 0.6 scaler applied at US$8 per hoppus foot in the early 1980s.
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output; this conversion produces a drastic reduction on royalty collections.
In Indonesia, at conversion ratios of 1.8 for logs into sawn timber and 2.3 for
logs into plywood, a US$10 royalty on m® in log form becomes US5$5.65/m’
sawn timber and US$4.35 for plywood. Therefore, in the event that the
royalty system is converted to a levy on processed timber, the royalty rate
must be changed. to reflect conversion ratios. Even when the royalty rate is
adjusted accordingly, a system based on output of processed products con-
fers an advantage on vertically integrated processing firms, which benefit
from postponement of royalty until the product is produced or sold.

The chief drawback of this system, however, is that the royalty on pro-
cessed products must be based on presumed average conversion rates, which
discourages improvements in recovery of wood from roundwood inputs
and penalizes relatively efficient processors (Grut et al. 1990). The incentive
to waste wood can be very strong. A processing firm that improved the
conversion of roundwood into plywood from 2.3 to 2.0 would find that its
royalty liability would increase by 15 percent per unit of log input. Impo-
sition of the royalty on processed products also facilitates evasion by illegal
small mills. In sum, the case for basing royalties on processed output is not
strong, notwithstanding the apparent administrative advantages of doing.
s0.

License Fees

License fees are generally based on total concession area, adjusted for
location (accessibility and distance), quality of stand, or both. On occasion,
license fees have been based on the value of the annual allowable cost (e.g.,
the Philippines). The fees may be imposed initially, annually, or both. Li-
cense fees may be used to raise revenues from forest activities and to pro-
mote other important objectives of pubhc policy toward forest resources
and forest land use.

A well-designed system of license fees can help to discourage over-
exploitation in forest stands that are more accessible to a nation’s transport
structure. License fees differentiated according to distance and accessibility
can help compensate for higher transport costs. Reduced license fees on
low-density stands or stands with generally lower-grade composition can
be used to promote harvesting of secondary species and lower-grade primary
species. High license fees encourage smaller, more manageable concessions.
High fees can also discourage “stockpiling” of concessions: holding valu-
able stands off the market to keep them out of the hands of competitors
(Gillis 1980). High license fees levied annually provide strong incentives for
efficiency—higher use and recovery in logging—and further use of second-
ary species (Grut et al. 1990).

Systems of license fees in force in most tropical nations achieve few of
these purposes. Most are clearly too low to play much of a role in rent
capture. The initial fee is relatively low in Cameroon, Indonesia, and the
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Philippines, and the annual fee is extremely low in the first two countries
plus Ghana, Ivory Coast, Liberia, and Sarawak (see exhibit 7-1). Conversely,
the annual license fees for the Central Africa Republic, Thailand, and Pen-
insular Malaysia are 10 to 50 times the fees in the low-fee countries.

Furthermore, few nations use license fees to discourage overexploitation
of more accessible stands, to compensate for differences in stand intensity,
or to compensate for high transport costs. Only Malaysia differentiates by
density of stand, and the rates are high enough to be significant: the rate for
high-density stands (US$91.91 per year) is 61 percent higher than that for
low-density stands. These rates provide strong disincentives for stockpiling
of concessions. :

Reforestation Fees

Provision for reforestation fees was uncommon in the early stages of
large-scale logging activities in tropical countries. Where reforestation was

EXHIBIT 7-1. Illustrative License Fees

Country Nature of Fee

Cameroon® Initial fee: US$0.05/ hectare
Annual fee: US$0.31/hectare

Central African Republic® Ranges from US$0.043 /hectare/year to US$6.80; inversely
related to concession length (20 to 5 years) .

Congo® None

Gabon® Permis Temporaire: Rates vary in four zones.

Rates range from US$0.01 to US5$0.06, according to
accessibility of concession.

Ghana"” Annual fee: US$0.07 /hectare
Indonesia Initial fee: US$0.55 /hectare
Annual fee: US$0.85/ hectare
Ivory Coast® Initial fee: US$0.99/hectare
i Annual fee: US$0.05/hectare
Liberia Annual fee: US$0.63 /hectare
Peninsular Malaysia Initial fee: US$57.44 for low-density stands
(below 25 m?/hectare)

US$91.91 for high-density stands
(25 m®/hectare or higher)

Philippines® : Initial fee: US$1/hectare
© Annual fee: 5% of value or allowable cut.
Sarawakd Auction fee paid per hectare: M$0.20 to M$0.30 (IUS$0.14)
Thailand 1S5$16.70/hectare/ year
SOURCES:
2 Grut et al. (1990).
P Gillis (1988c).
¢ World Bank (1988).

4 Gray (1983).
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considered at all in the design of forest policy in Southeast Asia and Africa,
framers of concession agreements relied on reforestation clauses in the agree-
ments themselves to assure that forest enterprises would undertake
reforestation efforts. These provisions proved unsuccessful, particularly in
Indonesia (Gillis 1981) and the Philippines, where the government reported

‘that 90 percent of concessionaires had failed to carry out reforestation pro-

grams prescribed in concession agreements (Boado 1988). In response,
governments began, usually after a decade of experience with large-scale
logging, to resort to reforestation fees that in some cases have been higher
than timber royalties. These fees are typically of three types: (1) fees im-
posed on roundwood extraction, whether volume based, such as the uniform
specific levies in Liberia and Sabah {(exhibit 7-2), or flat-rate ad valorem
levies, as in Central African Repubhc, Congo, and Gabon; (2) fees imposed
on processed timber output, as in Indonesia since 1989; and (3) reforestation
fees based on area, as in the Philippines,”” Peninsular Malaysia, and Central
African Repubhc

The various forms of royaltylike reforestation fees have the same effects
on timber use as equivalent timber royalties. The fees imposed on processed
timber may have the same additional problem that is associated with the
conversion formula from roundwood to finished lumber. Because fees based
on area do not heighten incentives for forest mining, this form of reforesta-
tion fee is much superior to fees based on volume, or even on value.

The literature on tropical forest policies customarily treats reforestation
fees in the same category as timber royalties and license fees. This is clearly
appropriate when reforestation fees are viewed as essentially royalties col-
lected by another method and when one of three conditions are met: (1)
when reforestation fees are imposed in the form of deposits paid by conces-
sionaires that are refundable upon completion of reforestation activities sat-
isfactory to forest owners; (2) when the entire proceeds of reforestation fees
are plowed back into government programs to secure reforestation (includ-
ing regeneration) objectives; or (3) when the reforestation fee is high enough
to induce concessionaires to undertake serious reforestation efforts. If none
of these conditions is met, the reforestation fee differs little from any other
form of unrequited payment extracted by government from concessmnalres,
with little or no relationship to forest pohcy objectives.

Most of the reforestation fees now in force satisfy at least one of the
three conditions specified and are therefore appropriately classed as requited
forest payments. Fees are refundable in the Philippines and Peninsular.
Malaysia upon verification of reforestation efforts (exhibit 7-2). The Indone-

¥ In the Philippines, however, reforestation fees on concessionaires were not en-
acted until 1987, nearly a quarter-century after the beginning of the logging boom in
that nation.
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EXHIBIT 7-2. Reforestation Fees

MANAGING THE WORLD'S FORESTS

Basis - Country Rate Remarks
1. Roundwood Extraction  Liberia® US$3/m’ on all Conservation tax is imposed
a. Volume species, plus & at a rate of US$3/m® on 11
conservation fax prime species, US$1.50 on
on locally processed others.
timber
Sabah® M$0.15/hoppus ft  Earmarked to finance
: reforestation programs.
b. Flat-rate Ad Central 10% of valuer Valuer mercuriale =1/4
Valorem African commerciale price of log
Republic mercuriale
Congo® 2.5%-3.5% Rate is niegotiated for each
concession confract.
Gabond 3.5% Earmarked to finance
' . reforestation program.
2.0utput of Processed Indonesia® US$7/m?® of Effective rate in roundwood
Products processed output equivalent is US$3.00 for
plywooed, US$3.85 for sawn
timber.
Fees are nonrefundable.
3. Concession Area Central Paid on hectare per  Rate depends on lengih of
African year in concession  atiribution period; lowest
Republic rate applied to 20-year
attribution.
Philippines’  US$10,000/hectare  Refundable bond for
. deposit reforestation.
Peninsular US%17.24 /hectare Refundable deposit (as of
Malaysia® 1980%.
SCURCES!
2 ITTO, preproject report by International Institute for the Envircnment and Development, circa 1989.
® Gillis (1988b). _
¢ Grut et al. {1990).
4 Gillis (1988c).
€ Republic of Indonesia (1989},
fWorld Bank (1988).
& Gillis (1988c).

sian reforestation fee was initially refundable when created in 1980 but no
longer is." There is no record of refunds ever having been paid (Gillis 1988d).

As far as the second condition is concerned, reforestation fees are ear-
marked to finance reforestation programs in Sabah and Gabon (exhibit 7-2).
The Indonesian fee has been loosely related to government programs for
investments in tree plantations, on the theory that plantation forests are

18 Payment of these fees in Indonesia was substantially in arrears prior to July
1989. This situation was one of the reasons why Indonesia switched the basis of the
fee from roundwood extraction to roundwood utilization in processing mills.
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capable of producing substaritially more wood per hectare than natural for-
ests, and thereforé can relieve the pressure on natural forest ecology. Forest
analysts have questioned this strategy not only from an ecological but also
from an economic and social standpoint (Sedjo 1987).

In no case, however, has the reforestation fee been set high enough to
induce, by itself, concessionaires to engage in any significant reforestation
- activities involving regeneration of primary species in selectively logged
parcels—the aim of most reforestation programs.”” In the Dipterocarp for-
ests of the Malayan archipelago, reforestation fees would have to be refund-
able and set as high as $20/m® harvested to induce enrichment planting of
primary species in cut-over stands, according to cost estimates by Leslie
(1983).

Unrequited Payments

The two most important forms of unrequited payments by concession-
aires are export taxes and income taxes. Until the 1970s, export taxes on logs
were by far the largest producers of government revenue in this category.
Since then, income taxes have become more significant than export taxes.

Export Taxes

Until recently virtually all tropical timber was exported in roundwood
form. Thus export taxes were for all practical purposes merely another form
of stumpage fees, easier to collect than the latter because logs were exported
through a small number of bottlenecks known as ports. In many cases,
export taxes per m® were higher than stumpage fees and furnished substan-
tially more government revenue,” in spite of substantial evasion through
underinvoicing (Grut et al. 1990).

Export taxes on timber were at one time the principal incentive for
forest-based industrialization. High export taxes on logs and much lower,
usually zero, taxes on processed products (especially plywood) provided
powerful inducements for investment in processing facilities,

¥ Refundable fees at the level imposed in Indonesia before 1989 were, however,
high enocugh to induce concessionaires to establish tree plantations outside selec-
tively logged areas and usually outside the concession area (Sedjo 1987).

® This was clearly the case in Indonesia from 1968 to 1979. Export taxes on logs
were 10 percent of f.o.b. value from 1968 to 1978 and 20 percent from 1978 to the
present. The ad valorem equivalent of the highest stumpage fee at no. 1-grade
meranti harvested in East Kalimantan was 5 percent. Although both stumpage fees
and export taxes were widely evaded before 1980 (particularly before 1973), export
tax collections on logs were four times larger than royalty collections (Gillis 1980).
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Export tax structures proved only moderately successful in promoting
forest-based industrialization. Some 31gn1f1cant investments in domestic
processing facilities were achieved, partlcularly in Indonesia, Malaysia, and
the Philippines, but at substantial economic costs. In Indonesia, the export
tax structure furnished effective protection rates of 222 percent for plywood
manufacture, creating strong signals for waste and inefficiency in opera-
tions. Even worse, in sawmilling, the loss in export taxes to the government
was not compensated by any gain in value added in sawmilling: measured
at world prices, value added in sawmilling was a negative $15.00/m? (Gillis
1988). Very high rates of effective protection to domestic timber processing
also prevailed in Gabon, Ivory Coast,! Papua New Guinea (Gillis 1981), the
Philippines, and Sabah.” For Papua New Guinea, even as late as 1990 the
forcing of forest-based industrialization through export tax differentials might
entail high economic costs as well as losses in government revenue.

The use of export tax structures to promote forest-based industrializa-
tion became largely redundant by 1989, as more and more countries moved
to prohibit exports in log form. Log exports were banned in Peninsular
Malaysia as early as 1971 (Gillis 1988b), in Ghana in 1979 (Poore et al. 1989),
and by 1979 were restricted to 25 percent of annual allowable cut in the
Philippines. Exports in log form have long been prohibited in Brazil (Schmink
1988), Ecuador, and Indonesia. Several other nations adopted bans on log
exports in the 1980s, and a similar restriction was recently proposed in
Papua New Guinea (World Bank 1990). Still, export taxes on logs remain in
effect in at least eight tax jurisdictions, counting the states of Sabah and
Sarawak in Malaysia (see exhibit 7-3), and including some nations where
log exports are not allowed. Moreover, Indonesia recently exiended the use
of the export tax structure to make the export of sawn timber virtually
prohibitive.

Income Taxes

Income taxes are classic examples of unrequited payments to govern-
ments. Until recent years, income taxes have been an insignificant source of
government revenue, and they will remain so, particularly in Africa, where
income tax administration is weak. Governments in Asia, Africa, and Latin
America have employed income taxes to promote forest policy goals; these
measures have invariably resulted in tax revenue losses.

2 In Ivory Coast, export taxes forgone on exports in log form in order to gain
additional domestic value added in sawmilling ranged from 108 percent of addi-
tional value added for the low-valued Llomba species to more than 200 percent for
the higher-valued Iroku and Acajou species (Gillis 1988c).

2 The royalty rate for domestically processed timber in Sabah is 7 percent-—about
one-fifth that for roundwood exports.
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Before 1975 income tax instruments were widely used to provide incen-
tives for investment (particularly foreign investment) in timber sectors, first
in logging activities, later in domestic processing of timber. Typically, the
incentives took the form of income tax “holidays” (full income tax exemp-
tion) for periods ranging from 5 to 10 and even, in Ivory Coast, 15 years

EXHIBIT 7-3. Export Taxes on Tlmber, Selected Countries, 1989

Country Rate

Remarks

Cameroon? 2% of valuer mercuriale

Central African  Logs: US$11.45/m® for
Republic? red woods, US$11.07 for
: : white woods

Sawn Hmber: US$250,/m?
Veneer: US$2.90/m3

Tvory Coast” Specific rates variable
by species
Liberia® Ranges from US$1.44/m?
: for low-valued species
to US5358.56 for high-

valued species (Sipo}

Indonesia 20% ad valorem on logsd

For sawn timber, export
taxes are specific and

The same source indicates elsewhere that
export taxes are 11% of average f.0.b. prices.

Tax is imposed on processed wood export.
Roundwood equivalents are much lower.

Sapelli: US$57.49
Sipo: US$89.20
Assamela: US$138.27

Tax, which is called the Industrialization

" Incentive Fee, is imposed only on logs.

Ad valorem tax imposed only on some logs
from inaccessible regions. Log export ban
since 1985 has made the tax irrelevant for
other regions.

Specific export taxes were enacted on sawn
timber in 1989; plywood is exempt from ail

range from US$250/m® to export taxes.
US$2,400/ms.e
Papua New 10% of f.0.b. value Tax reported to have been widely evaded
Guinea’ (logs) through transfer pricing.
Sarawak® 15% ad valorem on f.0.b. Tax applies to only one hardwood species.
value (logs)
Sabah! See remarks The Sabah timber royalty has a strong
) export tax feature: the royalty rate for log
exports is almost 10 times the rate for logs
used domestically.
SOURCES:
 Grut et al. (1990).
b Gillis {1988c).

¢ITTO, preproject report by IIED {circa 1989)
4 Gillis (1988d).
¢ International Monetary Fund {1990).
f World Bank (1990).
& Gillis (1988b).
" Vincent (1990a).
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(Browder 1988; Gillis 1988b, 1988c, 1988d). After the mid-1970s, eligibility
for tax holidays was mcreasmgly restricted to firms agreemg to establish
domestic timber-processing facilities. .

Beginning about that time, governments began to heed a growing body
of evidence that tax incentives for natural-resource-based industry in gen-
eral and logging operations in particular were not necessary to aftract in-
vestment in extractive activities, and that, given low national benefits in the
form of employment, taxes paid by logging firms were the most significant
benefit from logging and the only major benefit from logging activities con-
ducted by foreign enterprises (Gillis 1980; Gillis and Repetto 1988). In the
early 1980s, governments further restricted tax holidays for forest-based
industry and in some cases, abolished them altogether (in Liberia in 1981
and Indonesia in 1984). (Brazil was a notable exception.)

Aside from income tax holidays, governments have offered income tax
credits to encourage investments in logging and ranching in tropical forests.
By 1990 income tax holidays and tax credits for timber concerns had become
almost anomalous. They remain in Gabon and Ivory Coast, and, despite
ample evidence of the inadvisability of income tax incentives in extractive
activity of any kind, Papua New Guinea in 1989 announced a 10-year tax
holiday for companies processing at least half of their annual log harvest
(World Bank 1990),

Income tax incentives have occasionally been used to promote other
objectives of forest policy, including reforestation. The most conspicuous
example has been in Brazil. In the 1960s Brazilian forest enterprises were
allowed to earmark half of all income taxes due on forest operation to spe-
cial accounts controlled by the enterprise, rather than remitting the taxes to
the government (Extenso Rural 1976). This much-touted incentive report-
edly encouraged the replanting of 1.8 billion trees in 820,000 hectares be-
tween 1970 and 1975, although much of this “replanting” may have oc-
curred in tree plantation projects rather than in selectively logged parcels,
and would not be classified as reforestation under some definitions of that
term {Gillis and Repetto 1988). '

Rent Capture

Capture of timber rents by governments has become increasingly de-
pendent on the level and structure of forest fees, including reforestation fees
as well as royalties and license fees. Export taxes on logs, once an important
tool for rent capture, have been rendered virtually irrelevant in this respect
because of log export prohibitions.

As tax holidays and investment tax credits expire in nations that have
used these instruments and are abolished for new investments in timber
sectors, income taxes may become important tools for rent capture in the
small number of tropical countries having reasonably effective income tax
administration. Income taxes are particularly attractlve supplementary meth-
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ods for collecting tropical timber rents, particularly because income taxes do
not provide incentives for mining or high-grading the forest. Moreover,
income tax credits can be used to reinforce incentives for reforestation.

Efficient and sustainable forest utilization practices will necessarily
involve increased emphasis on both license fees (including auctions) and
income taxes, rather than stumpage fees {including stumpagelike reforesta-
tion fees). These measures are also essential if tropical nations are to improve
on their records of capture of timber rent.

Discussions of timber rent capture must take into account not only
realized rents accruing to the government-as-owner and to timber con-
cerns, but also rents destroyed by logging damage, by inefficient methods
of processing, and by high-grading (Vincent 1990a). Timber rent, therefore,
is best viewed as the potential rent that would accrue if all harvested logs
were allocated to uses (direct export, sawmills, plymills) that yield the larg-
est net’ economic rent. In turn, potential rent consists of two elements: (1)
rents actually realized by governments and by loggers, including unrecorded
rents accruing to loggers as a result of underinvoicing of exports and log
poaching; and (2) unrealized rents, composed of residual rent and logging
damage (Vincent 1990a; 1990b), as well as rents destroyed by inefficient
processing.

Rents destroyed by. highly protected timber processing can be sizable.
In Indonesia in 1980 and 1981 potential timber rent totaled US$1.72 billion;
fully 27 percent of this amount was unrealized, primarily because of ineffi-
cacies in processing (Gillis 1988d). Residual rents—living trees left standing
in the forest—result from either logging restrictions in prescribed harvest
methods (silvicultural rent) or from high-grading where royalty rates are
high. Losses from high-grading can be significant. Between 1966 and 1985,
an estimated 9 percent of potential rents went unrealized in Sabah because
of concessionaires’ failure to extract marketable trees.

Exhibit 7-4 depicts various realized and unrealized components of rent.
Forest revenue systems, concession terms, prescribed harvesting systems,
and excessively high incentives for forest-based industrialization all deter-
mine not only the division of realized rents between governments and tim-
ber concerns but also the proportion of timber rents received by no one
(unrealized rents). The interaction of these factors also determines the pro-
portion of unrealized rents that are clearly destroyed, for all time, in har-
vesting and processing. Some fraction of unrealized silvicultural rent is not
destroyed forever, but may be available in future harvests.

Exhibit 7-5 presents estimates of potential rents, actual rents, and gov-
ernment rent capture in six jurisdictions (including three Malaysian states).
In the cases presented, government rent capture approached 50 percent of
actual rents only in Sabah; Indonesia managed to capture a third of actual
rents, Peninsular Malaysia about a fifth, and the Philippines only a little
more than a tenth. Elsewhere, the available evidence indicates large short-
falls in rent capture as well. '
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EXHIBIT 7-4. Rent Distribution Under Inefficient Forest Revenue

Systems and High Protection to Domestic Processing

Potential
rent
Realized . Unrealized
rent rent
Eﬁ‘;‘;’;‘{’iﬁﬂ Unrecorded Residual g—g%%"ge
rent extraction ~rent (1)9
Forast
(rerr‘;}t\'r gggﬁjre vgmiiasn Silvicultural | | High-grading Processing
b to firms. rent (1) waste (1)
governments)

SOURCE: Vincent (1990a), adapted by the author to include the rents destroyed in
processing of timber (process waste) by inefficient log conversion in domestic ply-
wood manufacture and sawmilling, and by failure to make use of wood chips (for
export or domestic use) and sawdust.

NOTE: As the rent taxonomy is used in Vincent (1990b}, h1gh—grad1ng does not

include loggmg damage caused by careless logging methods (e.g., nondirectional

felling) or by “cut and run” practices aitributable te excessively short duration of
concession agreements. :

Given the numerous avenues through which rent can be dissipated
before some of it winds up in the hands of the forest owner, it is not surpris-
ing that government capture of tropical timber rent has been so low. Except
for royalties in Sabah, license fees in Liberia and Malaysia, and the 1990
environmental fee in the Philippines, rates of levies on forest operations are
generally low. In many countries weak administration of income taxation
and forest fee systems further erode tax revenues from the forest sector,
through unrecorded or misrecorded transactions.
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EXHIBIT 7-5. Potential Rent and Government Rent Capture in Tropical
Timber Production, Selected Periods

- Official
Potential Actual Govern-
Rent Rent ment Column3+ Column3+
frombog fromLog Rent Column2  Column1
Country and Period Harvest Harvest Capture (%) (%)
) : (1) @ 3) (4) 5}
Indonesia? (1979-82) 4,954 4,409 1,644 37.3% 33.2%
(US$ millions)
Philippines (1979-82) 1,505 1,033 171 16.5 114
(US% millions) :
Malaysia® (1966-85):
(M$ millions)
Sabah® 17,720 16,990 8,190 48.2P 462
Sarawak 7,290 7,260 1,340 185 ) 184
Peninsular Malaysia 11,030 11,000 2,410 219 21.8
Ghana (1971-72) — — — 38.0¢ —
SOURCES:
2 Repetto and Gillis (1988).

b Vincent (1990a). Malaysian estimates assume a value of 3.0 for the elasticity of the marginal cost curve
for logging, which represents the “middle” case for this elasticity. Vincent also presents results of
estimates based on elasticities of 1.5 and 4.5.

¢ For the 1979-82 period, Gillis {1988d) estimated that the government of Sabah captured 81 percent of
actual rents from log harvests.

4 The Ghanaian figure is for the proportion of rents captured by government, per m.

CONCLUSIONS: OPTIONS FOR REFORM OF
FOREST REVENUE SYSTEMS

Programs for reform of tropical forest revenue systems should have at
least four main objectives: (1) to capture a greater share of rents for the
forest owner; (2} to correct serious underpricing of forest resources; (3) to
remove strong incentives for inefficiency in the use of the wood resources of
the forest, not only in wood harvests but in processing industries; and (4} to
establish forest fees high enough to offset the adverse environmental effects
of logging. As it happens, measures taken to secure these objectives can be
mutually supportive. Moreover, gearing reform to these objectives would
advance other important goals as well: to reduce the disturbance of natural
forests and to provide a sounder, long-term basis for industrialization in
tropical countries.

Reform should be focused on the establishment of a system of forest
fees that will impose higher rates than at present, despite the very weak or
inadequate administration of forest fees and taxes. This prescription is not
equivalent merely to increasing rates of existing taxes and fees on forest-
related operations. Many forms of forest levies in use in many countries are
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unsuitable to increase rent capture, to correct underpncmg of forest re-
sources, to enhance efficiency in timber use, and to offset environmental
costs of logging.”

Finally, reform measures must be designed to work well with weak
administration, because many proposals for reform involve administrative
difficulties and burdens almost as severe as those the reforms are intended
to replace. '

The appropriate reform of forest revenue systems will vary with admin-
istrative strengths and weaknesses, and with the quality of 1nformat10n about
forest inventories.

Reform Under Sufficiently Strong Institutions and
Administration and Reasonably Complete Information

Nations with a sufficiently strong administration of forest fees and in-
come taxes and reasonably up-to-date and complete forest inventories have
a much wider array of workable options than other nations. They are able
to shift away from traditional forms of forest fees, such as royalties, toward
use of timber auctions, heavier (and differentiated) license fees, and income
taxation of timber concerns.

Auctions, whether sealed tender or in other forms, may be used not
only to allocate parcels to qualified bidders but also to capture for the gov-
ernment a greater share of timber rents. But because forest inventories are
unlikely to be complete or fully up-to-date, auctions will, for some time,
need to be supplemented by other tools.

A shift toward heavier and more differentiated forms of area license
fees becomes mandatory under these conditions. Initial auction of parcels,
coupled with annual license fees approaching those used in Thailand, is
advisable to enhance rent capture, to promote betier use of the forest, and
to reverse the underpricing of timber. Differentiation of license fees accord-
ing to stand quality and accessibility accords with these objectives as well.

Where environmental damages from logging can be quantified even
approximately, charges to offset these costs can be imposed. In the Philip-
pines, for example, the environmental fee enacted in 1990 was set at a level
thought to roughly approximate the costs of both on-site and downstream
environmental damages for an average operation taking 20 to 30 m® per
hectare on initial harvests. The Philippine fee, however, is imposed as a
uniform specific royalty (adjustable every six months) and at a level high
enough (US$20/m?®) to induce further forest mining. Environmental charges
imposed in the form of license fees geared to area of annual harvest would
be far superior to volume-based charges for this purpose.

B For example, drastic increases in uniform specific royalties in nations where
these levies are used would be inappropriate for enhancing rent capture for owners
because the resultant increase in high-grading would destroy large amounts of po-
tential rent. Or, very sharp increases in export taxes on logs would do nothing to
correct serious underpricing of timber used or processed domestically, and would
heighten incentives for low recovery in processing.
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Finally, where income tax administration is reasonably adequate, as in
Colombia, Costa Rica, Malaysia, Surinam, and to a lesser extent Indonesia,
greater reliance on this fiscal instrument for capture of timber rents is pos-
sible. Because income taxes do not directly impinge on decisions in timber
harvesting and processing,* a shift from output-based forest 1ev1es to in-
come taxation would reduce incentives for forest mining.

If in any given country the combination of auction fees, license fees, and
income taxes proves insufficient for reaching rent capture targets, certain
forms of timber royalty could continue to be used. The royalty should take
the form of an ad valorem levy adjusted for costs. With other levies bearing
the brunt of the burden of taxation on timber, the royalty, as in Sabah, could
be set at levels well below the royalty imposed on log imports, thus reduc-
ing incentives for waste in timber use.

If a royalty is used to supplement rent capture, it must take the form of .
a levy on roundwood inputs to domestic processing facilities. Imposition of
the royalty on processed output is inimical to greater recovery in timber
processing, and penalizes more efficient firms as well.

Finally, use of the export tax structure to capture rent and to promote
domestic processing is unnecessary in countries where other tools of rent
capture are available, and inadvisable because sharply reduced or, more
commonly, zero export taxes on processed products help to heighten the
underpricing of timber resources. Moreover, high rates of effective protec-
tion resulting from export taxes so structured sharply reduce incentives to
minimize costs in domestic processing of timber.

Reform Under Weék Institutions and Administration
and Poor Information

- Under some circumstances—where forest agencies are weak,” under-
funded, and immobile, as is claimed for much of central and western Africa;
where the quality of forest inventories is poor; and where income tax ad-

* Tor a domestic firm, the prospects of income tax obligation may influence the
decision to undertake logging or processing investments. For foreign firms based in
countries where host-country taxes can be credited against home-country income
taxes, host-country income taxes are largely irrelevant if (as is increasingly the case)
tax rates are not dissimilar.

» Weakness in forest agencies is not always attributable to low salaries and low
levels of training,. It is also often due to institutional factors. For example, through-
out much of the 1974-84 period, Indonesian forest officials were relatively well paid
and trained. However, the effectiveness of the forest service was severely weakened
not only by lack of cooperation with other departments (especially agriculture and
transmigration) but by the pattern of deployment of forest officials. A dispropor-
tionate number of staff were deployed in Java rather than in the outer islands where
natural forest resources are located. The ratio was one forester per 1,764 hectares of
forest in Java versus one to 471,000 hectares for the outer islands {(about 267 times
higher). The consequences for effectiveness in grading and scaling, as well as polic-
ing of concessionaire activity in the outer islands, are obvious (Tarant et al. 1987).
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ministration is inadequate—the institutional framework for forest policy
severely limits options for policy reform and little reliance can be placed
on auction and income tax instruments. Nevertheless, improvements are
possible.

Even this group of countries should emphasize license fees rather than
output-based royalties, for the same reasons presented earlier. For many
countries in this category, license fees could be increased 5- or 10-fold with-
out exhausting the rent capture potential of this instrument (compare the
license fees depicted in exhibit 7-1 for Cameroon, Congo, Ivory Coast, and
Gabon). At the same time, it is unlikely that the quality of information on

-stand qualities and accessibility is so poor as to preclude at least a modest

degree of differentiation of license fees to reflect these attributes.

Most countries in this group must continue to rely on royalties for rent
capture, although the efficacy of royalties will continue to be limited by
severe problems in grading and scaling. However, the administrative weak-
nesses impeding the collection of royalties in many couniries are often the
main obstacles to implementation of radical reform of forest fees.

One reform that has been proposed is to replace all existing forest fees
(save perhaps export taxes) with a single, annual fee for a concession. This
annual fee would be subject to adjustment each year, according to a formula
made known to concessionaires when they signed a concession contract.
The formula would be based on the weighted average f.o.b. value of the
relevant forest (Grut et al. 1990). This radical proposal would still require
scaling of log volumes as well as. on-the-ground inspection to ensure that
logging is confined to the approved area and that only trees above legal
diameter are taken. Moreover, the proposal requires relatively complete
information pertaining to stand density, quality, and accessibility, as well as
up-to-date information on f.o.b. prices for all commercial species.

While reform of forest fee systems should move in the direction just
indicated, timber royalties must remain important elements of forest rev-
enue systems in this group of countries. But the royaities should be shifted
from volume based to ad valorem. This shift could be facilitated by retain-
ing international accounting firms to provide up-to-date information on tim-
ber values. A moderate degree of differentiation in ad valorem rates may be
administratively feasible, and would assist in rent capture and reduction of
forest mining. In any case, any royalties used should be imposed on round-
wood inputs, not processed output.

Several countries in this group already impose some reforestation fee;
in most there is ample scope for increasing the fees, preferably in the form
of license fees, rather than royaltylike levies.

Countries are likely to have little latitude for use of income taxation on
timber operations. Countries with weak income tax administration are par-
ticularly vulnerable to transfer price abuses by international firms, or affili-
ates of international firms. '
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Fuelwood Problems and Solutions

D. Evan Mercer and John Soussan

oncern over the “fuelwood crisis” facing the world’s poor has been

widespread since the late 1970s (Eckholm et al. 1984; Soussan 1988;
Agarwal 1986). At first the problem was frequently overstated. In the ex-
treme, analysts (foresters, economists, and others} in many countries made
erroneous projections of the rapid total destruction of the biomass resource.
These projections were usually based on simplistic supply and demand
analysis, the so-called gap analysis that was highly influential throughout
most of the 1980s (Leach and Mearns 1988). These projections often led to
projects that sought to boost fuelwood supplies without regard to local
needs, priorities, or resource potentials—or to the economic viability of the
plans.

Fuelwood problems are now recognized as rarely generalizable.
Fuelwood use and scarcity reflect complex and variable interactions be-
tween local production systems and the environmental resources on which
they are based. The significance and origins of fuelwood problems in, for
example, a semiarid area such as parts of the Sahel are very different from
those in a mountainous region such as Nepal or a high-density/ high-pro-
ductivity area such as the Kenyan highlands. A further sharp distinction is
evident between rural localities (where fuelwood is usually a free good
gathered locally) and urban areas (where fuelwood is a commodity pro-
duced elsewhere).

Fuelwood problems have complex causes and take varied forms. In
. rural areas these problems reflect changes to economic and environmental
relationships that affect local supply and demand (Armitage and Schramm
1989). These changes can be gradual, such as erosion of local woodlands as
‘a result of land colonization, increased herd sizes in semiarid regions, in-
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creased exports of fuelwood to meet growing urban demands, or lower
quantities of residues available as fuel as a result of changing agricultural
practices. In some cases the changes can be sudden and catastrophic: for
example, large-scale deforestation associated with giant development
schemes; mass influxes of refugees; and environmental collapse associated
with droughts, floods, or other extreme climatic events. Whether gradual or
rapid, these changes lie at the heart of fuelwood problems and set clear
limits on the opportunities open to confront the problems effectively.

This chapter first analyzes the nature and origins of fuelwood problems
and past policy approaches to solving them. The analysis focuses on the
relationship of fuelwood problems to other development issues and on the
various forms the problems take under different environmental and eco-
nomic conditions. Fuelwood problems are viewed primarily as one conse-
quence of the interaction of environmental and economic forces at the local
level, which result in a number of resource stresses. We then suggest an
approach to formulation and reform of fuelwood policy based on this analy-
sis. The annex to this chapter presents a typology of specific fuelwood situ-
ations. Just as there is no one fuelwood problem, there are many potential
solutions. The key is to identify what will work where and why.

- THE NATURE OF FUELWOOD PROBLEMS

Use of Fuelwood in Rural and Urban Areas

Use of fuelwood in the growing cities of the third world contrasts sharply
with the more familiar patterns of rural areas. Despite the growth of energy
use in other sectors, rural household consumption still dominates the en-
ergy budgets of many developing countries, particularly in.the poorer na-
tions of Africa and South Asia. Fuelwood accounts for more than 75 percent
of the energy used in countries such as Nepal, Bangladesh, Ethiopia, Burkina
Faso, and even oil-rich Nigeria (Soussan 1988). Cooking consumes most of
this energy, and most of the energy is supplied by biomass fuels {(agricul-
tural residues as well as fuelwood). These fuels are usually gathered freely
from the local environment, and their production and use cannot be readily
separated from other aspects of land resource management within rural
economies. Because rural people rarely fell trees for fuel use and generally
depend on trees near their homes, trees outside the forest, within the agri-
cultural landscape, are the main source of fuel for rural people. The reliance
on local land resources means that tenurial arrangements are important.

The poor often have few alternatives to fuelwood to meet their basic
subsistence need, and problems associated with access to fuelwood can be
considered an integral part of the wider rural development crisis. Whatever
happens to energy resources and prices at an international level, rurai
fuelwood use will be important for the foreseeable future. This essential fact
must be used as a starting point for the development of policies to deal with
rural fuelwood problems.
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As urbanization proceeds, the effects of urban fuelwood use and the
problems associated with it are growing rapidly (Soussan et al. 1990b; Floor
1987). As in rural areas, most fuelwood in cities is used in the household
- sector (although the use of fuelwood in small industries such as restaurants,
bakeries, and brick kilns can be significant locally). The concept of an en-
ergy transition, however, is central to any understanding of household en-
ergy in urban areas. As urbanization proceeds and the use of fuel increases,
people tend to diversify and switch from wood and charcoal to modern
fuels. The stages in this transition are typically not discrete; it is common to
find within a household several fuels used for cooking. Recent studies (Leach
-and Mearns 1988) suggest that even in cities where fuelwood is more expen-
sive than the modern alternatives, people prefer fuelwood because the sup-
ply is more secure; the fuelwood is available in small, affordable quantities
in local markets; and fuelwood requires no expensive initial investment in
cooking stoves. Therefore, to understand urban fuelwood problems, it is
essential to understand the structure of urban fuel markets.

The cost of fuelwood to urban consumers (especially the poor) can be
51gmf1cant and there is some (though patchy) evidence that in many places
the cost is increasing. A more general problem is access to fuel (ETC 1987).
Markets for many nonwood fuels are typically poorly developed, particu-
larly in peripheral neighborhoods where many poor people live. Govern-
ments often restrict imports and the internal distribution of commercial
fuels. This situation contrasts markedly with fuelwood markets, which usu-
ally reach all corners of the city.

Demand for urban fuelwood and charcoal can have a devastating im-
pact on the rural areas from which supplies are drawn because urban deal-
ers often clear fell woodland areas and make no attempt to conserve the
resource base. In effect, they mine the resources and pay only the extraction
costs for them.

The problems associated with fuelwood use must be dealt with in the
context of the control and management of land resource systems. Some of
these complexities are discussed in the next two sections.

Access and Alternative Uses

The existence of fuelwood resources in a locality is not enough to guar-
antee that no one experiences fuelwood problems; the resources must be
available for use by all who need them. A series of factors that limit access
to wood resources have been identified as limitations imposed by the loca-
tion of the resources in relation to demand, by land tenure and ownership
of biomass resources, and by the way in which biomass resources are man-
aged (ETC 1987; Johnson and Tomkins 1989).

The locational limitations on access reflect features of the landscape.
Most important is the distance between the sources of supply and the point
of use. In many localities biomass fuels are gathered freely from the envi-
ronment, and the main cost of fuelwood use is the time to collect the fuel
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(Agarwal 1986). Resources beyond a certain distance will take too long to
collect. The time requ1red to collect fuels is also influenced by features of the
terrain such as hills, rivers, and gullies. Steep slopes, rugged terrain, and
watercourses add significantly to the collection time. Locational constraints
on access can be calculated in relation to the benefits accrued for the time
and effort taken. Whether people are willing to pay this price depends on
the available alternatives to wood, the users’ income, and the opportunity
cost of the collectors” labor time.

A series of access constraints also derive from the legal status of land
in an area. The availability of biomass resources inevitably depends on
their ownership, which is a function of the ownership of the land on which
they grow. Three broad categories of land tenure can be identified for our
purposes:

1. Land that is owned individually by members of the local com-
munity—basically, private farmland;

2. Land that is owned by the state, large commercial producers,
or other institutions controlled from outside the area—plantations,
commercial farms, state forests, and the like; and

3. “Common” land resources that are legally owned by the state
or through customary communal forms but having no proprietorial
restrictions on access to them—open rangelands and woodlands,
hillsides, grazing lands, and so on.

Biomass resources (both residues and trees on farms) from private farm-
land are the main source of fuel in many rural areas. Households with little
or no land may face severe restrictions on access to fuels even if there
appears to be a local surplus. In many cases, land-poor and landless families
have traditional rights to collect fuels from the land of larger land owners,
~ but such rights may be eroded when biomass resources are under stress or
become commercialized. Rural change, which is marked by greater com-
mercialization, new technologies that reduce tree coverage and residue pro-
duction, and higher population densities in many areas, has aggravated the
inequalities of access to private biomass resources.

Access to wood from large-scale commercial farms and plantations is
frequently highly restricted or prohibited altogether. Some limited collec-
tion rights may be allowed and illegal removal is common, but if the man-
agers of these resources use them for fuel (for example, for crop processing)
or sell them (for fuel, timber, pulp, or other uses), access is limited by the
policing action the managers take. This category of land may contain a
significant proportion of the biomass resources of a locality, and even if
limited collection is allowed, these resources may be alienated from the

effective control of local people.
' Access to biomass resources on communal land is the most complex of
all. A range of traditional customs and practices may regulate access to
these resources, but these customs tend to break down as local economies
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change and resource pressures increase (e.g., when outside groups, such as
urban wood dealers, exploit the resources). In many areas the amount of
communal land is rapidly declining, as woodlands and rangelands are cleared
and enclosed for agricultural production. In these areas the lack of limita-
tions on access can result in the unsustainable exploitation of what are often
vital but fragile resources.

The final category of access factors consists of those associated with the
system of biomass resource management, which reflects the prevailing so-
cial structure, resource management and harvesting techniques, nonfuel uses
of different categories of biomass resources, and the rights and obligations
of different sections of the community. Depending on their gender, class,

and age, people typically have very different approaches to the control and

use of biomass resources. Fuel provision is frequently the women’s respon-
sibility, whereas the men control the resources {especially land and cash)
from which the fuel comes. Any attempt to deal with fuelwood problems
must take this division of rights and obligations into account.

Women and Fuelwoods

Collecting fuelwood is physically hard and time-consuming work, an
arduous burden on women who typically are also responsible for collecting
water, caring for children, doing agricultural work, and handling the myriad
other tasks that make up the day of third-world women. As pressures on
the local resource base develop, the distances traveled, collection times, and
other demands on women also increase. In addition, because fuelwoods are
smokier and dirtier than modern fuels, women'’s health may be impaired by
fuelwood use. When fuel shortages lead to changes in the number or type of
meals cooked, women (who, even in the absence of fuelwood shortage, eat
less well then men) often disproportionately suffer negative nutritional con-
sequences. In these and other ways, fuelwood stress hits the health and
environment of women harder than those of men in many parts of the third
world. _

Given their central role in fuelwood provision and use, women will
often best understand where and in what form fuelwood problems are found,
what interventions are more likely to succeed, and which groups in the
community should be involved in designing and implementing interven-
tions. Therefore the sometimes vague notion of community participation
must be structured to identify and create situations and institutions within
which women can play a central role in building and implementing fuelwood
solutions. Giving women such a role implies challenging or circumventing
the social and institutional barriers that limit the scope for integrating women
in the planning process. Needless to say, this task will be difficult in most
communities where men control the resources (especially land and cash)
needed to confront fuelwood stress. Furthermore, men typically dominate
local institutions that regulate resource management, provide links to the
outside world, and perpetuate gender inequalities. This situation creates
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particularly difficult problems because the local land, finance, and institu-
tions are obviously the resources that need to be harnessed to build local
solutions to fuelwood stress.

Responses to Fuelwood Stress

Pressures on the biomass resource base are not simply a matter of fuel
demand and scarcity; they relate to the control over and the range of uses
made of biomass resources. Biomass fuel stress is often a product of the
disruption of traditional systems of resource management—disruption that
is in turn generated by a number of forces that vary in importance from
locality to locality.

.One of the first responses to fuelwood stress is more careful fire man-
agement, which can result in dramatic fuel savings. This one-time gain,
however, is inevitably limited by the laws of thermodynamics. Conserva-
tion consciousness takes extra time, but results in desirable and sustainable
efficiency gains. Fuel scarcity may also produce changes in cooking prac-
tices that are less clearly beneficial. People may turn to enclosed stoves,
losing other functions of the fire such as light, heat, and a social focus. They
may reduce the number of meals cooked per day or adopt quicker-cooking
foods. The dietary implications of these developments are hard to quantify
but may be serious.

As biomass resources become scarce, the other, nonfuel uses can be cut
back. This may impair other aspects of the production system. For example,
increased use of dung as a fuel may reduce soil fertility, and overexploitation
of common woodland resources may jeopardize the availability of fodder or
construction materials. When resources are abundant, the alternative uses
of biomass materials produce no problems, but when resources are scarce,
conflicts between alternative needs may emerge. How these conflicts are
resolved depends in large part on who cont: rols the resources and who
benefits from the alternative uses.

The sorts of resource conflicts outlined here are at their most acute in
regions where residues have replaced wood as the main household fuel.
When wood is unavailable, people may switch “downward” to crop or
animal residues (Barnard and Kristofersen 1985). In many areas, such as
Bangladesh, northern India, and Lesotho, residues have long been the domi-
nant household fuel, because wood is far too valuable to burn. Alterna-
tively, people may switch “upward” to nonbiomass fuels such as kerosene
and liquefied petroleum gas (LPG). If this switch occurs through choice, it
is a good indicator of development, but the switch may occur through ne-
cessity, when people have no choice but to spend scarce cash on a basic
need.

When pressures on biomass fuels become acute, rlghts and responsﬂalh-
ties connected to needs provision and resource management may change to
reflect emerging scarcities. Often, men begin to assist in fuel provision, either
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by helping to gather fuel or by providing alternative resources. Landless or
land-poor families may find that traditional rights to collect fuel on the land
of others are eroded (a particular problem when resources acquire commod-
ity value). Traditional, sustainable management practices of communal land
may break down, depleting the resource base and eventually resulting in
the loss of the indigenous knowledge on which these practices are based.
These and other changes are symptomatic of the erosion of the social fabric
of local communities as systems break down under the traumas of resource
scarcity.

Finally comes the actual or potential erosion of the land resource base,.
as conflicts between the different uses and needs of different groups are
resolved temporarily by the extraction of biomass materials (not just wood,
but fodder, manure, and so on) at a rate greater than the capacity of the
local environment to produce these materials. The conflict between the im- .
mediate needs for survival and the long-term maintenance of the resource
Base often produces environmental degradation.

Fuelwood, Deforestation, and Land Degradation

Much of the international concern over tropical forests has centered on

the loss of large tracts of natural forest areas. The causes of this deforesta-
~ tion are associated mainly with the drive to open up and exploit what is
seen as one of the last great land frontiers. Commercial logging, clearance
for large-scale ranching, in-migration as a result of road construction or
through government-sponsored transmigration schemes, flooding from giant
hydroelectric power schemes, and other development pressures are all widely
cited as contributing to large-scale deforestation (Fearnside 1986; Monbiot
1989; Tyler 1990). The exploitation of forests for fuelwood use contributes
little to this process. This is especially true for fuelwood gathered to serve
the needs of local rural communities, because where there are large tracts of
forest, there are usually few people.

Commercial exploitation for urban fuelwood and charcoal markets does
have an impact in many regions. Fearnside (1989) cites charcoal production
for iron smelting in the Carajas region of Brazil as a threat to the forests of
eastern Amazonia; a major study by the Overseas Development Adminis-
tration (Bird and Shepherd 1988) has shown that the acacia woodlands of
the Bay region of Somalia are being devastated by charcoal production for
Mogadishu’s markets; Bowonder et al. (1987) detail the impact of urban
fuelwood use around a number of Indian cities, and Soussan et al. (1990)
provide further evidence from a number of sources. Rural fuelwood use is
often cited as a factor in large-scale deforestation, but these assertions are
rarely substantiated. Indeed, the evidence points the other way: where the
forests are opened up, land clearance leads to massive fuelwood surpluses,
-and substantial quantities of wood resources are either burnt or left to rot.
In such circumstances, talk of stress associated with the overexploitation
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of forest resources for fuel use obscures the real causes of large-scale de-
forestation.

Fuelwood use, both for local needs and external markets, does have
other environmental implications. There is considerable evidence to suggest
that land resources in agricultural areas can experience degradation if
overexploited for fuel use. This problem is particularly associated with the
small areas of woodland scattered within agricultural landscapes. Most farm-
ing areas have woods on steeper hillsides, along river courses, on marshy
ground or areas of poorer soils, and in other areas not used for farming.
These woodlands, which are often communally owned and managed (al-
though the state may have nominal proprietorial rights), provide a range of
products and are an integral part of the rural economy. Peasant farming
systems are based on the use of both private and communal land resources
to produce goods for markets and for subsistence consumption.

Growing populations, increasing commercialization of rural economies,
and other incentives to clear more land have often led to the incrementad
colonization of these resources for cultivation. Cultivation leaves a smaller
area to serve growing needs for fuel and other products (especially fodder);
the result is overexploitation of biomass resources. The remaining commu-
nal areas usually have scant regenerative capacity and declining stocks and
become more vulnerable to environmental hazards such as drought or soil
erosion. The loss of communal resources may lead to an increasing reliance
on externally produced commercial goods, which, in turn, depend on greater
cash income. Communal goods are further eroded as they are exploited for
private commercial gain.

Fuelwood use certainly contributes to the degradation of land resources
in agricultural regions where more general resource pressures are felt. This
form of degradation, however, is far from universal; indeed in most rural
areas, fuelwood gathering for local use has only a marginal, if any, impact
on land resource quality. It is a problem precisely where the rural economy
and environment is most vulnerable: in localities where the resource base is
already under threat and where the community has the fewest resources to
counter this threat. Many case studies illustrate this form of environmental
stress. Saxena (1987), Moench (1989), and Singh et al. (1984) give examples
from the foothills of the Himalayas, Christianson (1988) provides evidence
. from Tanzania, and Johnson and Tompkins (1989) illustrate the pressures
on Swazi Nation lands in Swaziland. In more comprehensive studies, Smil
(1983) cites local fuelwood use as a contributory factor to land degradation
in China, and Ryan (1990b) presents a preliminary analysis linking the deg-
radation of woodland resources in many parts of India to the pressures of
growing fuel demand.

When local fuelwood use does contribute to land resource degradation,
it is not the sole, or even the main, cause of this stress. Fuelwood use con-
tributes to this degradation because it is an integral part of the rural economy/
environment relationship, and it is the general pattern of rural development
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in poor, environmentally vulnerable areas that creates stress, not fuelwood
use alone.

FUELWOOD POLICY ANALYSIS

Since the mid-1970s most governments and donor agencies have ap-
proached the fuelwood crisis as an energy demand and supply problem.
Both the diagnoses of problems and the designs for solutions have been
based in large part on simple models of supply and demand (Foley 1988;
Leach 1988; Leach and Mearns 1988; McGranahan 1986; Teplitz-Sembitzky
and Schramm 1989). Viewed from this perspective the solutions were self-
evident; if projected fuelwood demands exceeded supplies, the solution was -
to plant more trees and shift the supply curve outward, or to devise policies
to reduce demand and shift the demand curve inward.

Most of these efforts have failed to have lasting effects on fuelwood
scarcity or forest depletion. These failures, however, have led to a rethink-
ing of the fuelwood crisis (Teplitz-Sembitzky and Schramm 1989). Although
the specific details vary widely between and within regions, fuelwood prob-
lems are now more clearly seen as manifestations of more fundamental
failures in rural land, labor, and capital markets, urban energy markets, and
failures of governments (local and national) to establish the conditions that
would allow efficient and sustainable allocation of land and resources be-
tween forest and cropland and wood and food production (Dewees 1989;
Cline-Cole et al. 1990; Leach 1988; Teplitz-Sembitzky and Schramm 1989).

The complex interactions among demand, supply, and market forces
and the lack of success of fuelwood interventions indicate that considerable
care is required for designing appropriate interventions.! For example, some
policy interventions may have paradoxical effects. Improving the efficiency
of charcoal production may actually increase rather than decrease defores-
tation rates by expanding the areas accessible to urban markets (World
Bank 1987). Likewise, if consumer disposable income is effectively increased
through the subsidization of improved stoves, the quantity of fuel demanded
and consumed might increase (Clarke and Shrestha 1989a; Foley 1988). In
this section, the common supply- and demand-side pohcy approaches for
solving fuelwood problems are examined.

Supply-Side Policies

Most supply-side fuelwood policies and programs have concentrated
on planting trees or manipulating fuelwood prices. Subsidized tree-planting
programs have been frequently proposed and implemented as solutions to
fuelwood shortages with few successes. Recent criticisms of these programs

! More complete models of the interactions of fuelwood demand and supply are
presented in Hyde and Mercer (1990) and Mercer (1991). :



186 - ‘ MANAGING THE WORLD’S FORESTS

have centered on the analysis (e.g., fuelwood gap theory) used to justify the
expenditures and on the extent to which tree planting for fuelwood produc-
tion is economically justifiable or feasible given local fuelwood prices, land
tenure and property rights regimes, and the local causes of deforestation.
The supply-side pricing policies attempt to influence supply through
fuelwood royalties, stumpage fees, and fuelwood taxes or subsidies.

Tree-Planting Approaches

The most common approach by governments and donor agencies to
ameliorate perceived fuelwood problems has been to plant trees. Programs
have ranged from establishment of large-scale fuelwood plantations near
cities to establishment of village woodlots, subsidies for small-scale private
fuelwood enterprises, and private initiatives and incentives for tree planting
by small farmers. With planning that takes into account the opportunity
costs of the land, land tenure problems, availability and accessibility of
markets, and so on, tree planting can be an appropriate response to fuelwood
shortages. Unfortunately, too often the decision to spend scarce revenue
planting trees has been almost a knee-jerk reaction, taken without consider-
ation of other options and the consequences of existing market and policy
failures (Ryan 1990a). Three general approaches have been used: large-scale
block plantations, rural or social forestry (agroforestry), and natural forest
management. .

Large-scale plantations. The majority of large-scale plantations have used

exotic, fast-growing species in state-owned and managed block plantations.
Block fuelwood plantations were encouraged for a variety of reasons.
Plantation forestry was considered a tested technology, understood and
successfully applied by foresters in a variety of locations.” Plantations were
viewed as discrete, highly visible activities for which inputs and yields were
easily quantified; as a result plantations lent themselves readily to standard
-economic analysis. Indirect benefits were thought to include employment
generation, environmental protection, reduction of pressures on other forest
lands, and demonstrations that governments were actively solving an
important problem (Catterson 1984, cited in Freeman and Resch 1986).

Unfortunately, the actual cost-benefit ratios usually fell far short of
preproject expectations (Floor 1988; Leach and Mearns 1988). Frequently,
the predicted benefits were overestimated and the costs underestimated.
Because of the shortage of available land and competition with agriculture,
fuelwood plantations were usually relegated to marginal lands where bio-
mass productivity rarely produced revenues greater than the costs of the
planting. French (1986) provides an excellent case study of the financial

2 Experience in Africa and Asia with plantation forestry was particularly signifi-
cant (Freeman and Resch 1986).



FUELWOOD PROBLEMS AND SOLUTIONS 187

constraints to using state-run-plantations to solve deforestation and fuelwood
problems in Malawi.?

There have also been some successes. Two examples in Ethiopia are the
20,000 hectares of eucalypti around Addis Ababa and the 50,000 hectares
around other cities where fuelwood has become so scarce that demand has
driven the price well above replacement costs (World Bank 1986). Also, in
the state of Minas Gerais, Brazil, private commercial wood energy planta-
tions occupying over 200,000 hectares produce the bulk of the energy for the
iron and steel industries, and in Rondoneia, Brazil, a private company sup-
plies the city of Ariquemas with electricity produced with plantation-grown
fuelwood. Similarly, in the Philippines a successful dendrothermal program
was established in 1980 to produce electricity from fuelwood grown in small
plantations by farmers (Gregersen et al. 1989). Failures, however, outnum-
ber the success stories.*

Social forestry. The failure of large-scale plantations led to the popularity
of social, or rural, forestry projects emphasizing tree growing for fuelwood
by small farmers in woodlots or in agroforestry systems. Because most
~ fuelwood demand is associated with rural households, some observers {e.g.,
Gregersen et al. 1989) believe the key to solving the fuelwood problem can
be found in encouraging farm families to grow enough trees to meet their
own requirements and to generate surpluses for sale. The results with social
forestry for fuelwood production, however, have generally not been
encouraging (Floor 1988).

Although there have been some spectacular successes in promoting tree
planting by private farmers, particularly in India, the end products are usu-
ally higher-valued building poles or pulpwood rather than fuelwood (e.g,.,
see World Bank 1985; Arnold et al. 1987). This situation has led to reevalu-
ation of some basic assumptions concerning tree planting and the fuelwood
crisis. For example, the highly acclaimed and successful social forestry projects
in the Gujarat state of India were based in large part on the assumption that
any increase in tree planting would diminish the pressure on the natural
forest and thereby ameliorate the fuelwood crisis (World Bank 1990).

The experience in India, however, indicates that this assumption was
misleading and often incorrect. Indeed, small farmers planted many trees
but few were for producing fuelwood; the stumpage price of fuelwood was
too low to compete with products such as poles, pulpwood, or lumber. In
some areas, the Indian social forestry projects actually reduced the availa-
bility of biomass fuel to landless farm workers who had previously been
allowed to collect the agricultural residues following harvests. When farms

* Also see Freeman and Resch (1986) for an excellent analysis of a case study in
the Bandia, Senegal.

4 This statement may apply only to donor- or government-related fuelwood plan-
tations, because the successes and failures of private plantations are not well docu-
mented. (K. Openshaw, World Bank, personal communication, 1990).
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were converted to pulp and timber production, not only were these wage-
earning opportunities eliminated, but the fuel derived from agricultural
residues also was eliminated, creating potentially greater pressures on open-
access woodlands.® :

A survey of farmers involved with social forestry projects in eight sites
around the world—Bangladesh, Haiti, India (3), Indonesia, Philippines, and
Thailand—by Energy/Development International (1986} for the U.S. Agency
for International Development (USAID) reported the following findings:

* Farmers base tree-planting and management decisions mainly on their
expected profits from cash sales of wood. (This is true even of farm-
ers who consume more of their tree products than they sell.)

* Independent small farmers frequently fail to receive the high prices
for trees that they had been led to expect.

* In areas where tree growing is a mature, stable enterprise, farmers
usually grow several species and produce a variety of products.

These findings suggest that although the potential for social and
agroforestry is very large, rarely will social forestry schemes based prima-
rily on fuelwood production be successful so long as open-access forest
resources are available and prices remain low. Where fuelwood-oriented
programs have been successful, planners have actively sought advice and
help from local communities and have taken into account different uses of
- trees in farming systems (Gregersen et al. 1989).

It should be emphasized, however, that agroforestry and other social
forestry initiatives have in general been quite successful (see Spears 1988).
Many trees are being grown on farms, and agroforestry, if promoted cor-
rectly, provides a means for farmers to stabilize agricultural output without
using much artificial fertilizer. In addition, tree planting by small farmers
provides considerable economic and environmental returns, such as soil
conservation, shdade, shelterbelt, and cattle forage.

Natural forest management. Natural forest management systems have
typically been neglected in favor of ambitious reforestation schemes. The
current dissatisfaction with the results of fuelwood plantations has led to
increased interest in managing the natural forest for fuelwood and other
products, Furthermore, because a large proportion of the fuelwood supply
for urban areas comes from woodlands, the proper management and
regulation of natural woodlands will likely be essential to establishing a
sustainable supply of fuelwood. Advantages to natural forest management
include lower investment costs (e.g., no land-clearing, seeding, or planting
costs) and the greater adaptation to local conditions. As has been noted, the
problem with fuelwood plantations is that they generally supply only
relatively low value fuelwood. The goal of natural forest management is to
produce a sustained yield of forest products while maintaining ecosystem

5 A. Molnar, World Bank, Washington, D.C., personal communication, 1990.
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balance. Thus natural forests provide food, fodder, and other products as
well as fuelwood. The natural forest approach recognizes that the fundamental
resources (e.g,., soil, water, vegetation, wildlife) must be managed as a whole
rather than separately. Other benefits are the protection of biodiversity,
watershed protection, and reduced soil erosion.

USAID has refocused most of its fuelwood activities in Africa on natu-
ral forest management, with notable success in Niger and other arid and
semiarid Sahelian countries.® Studies around Niamey, Niger, for example,
have demonstrated that appropriate harvest and management practices can
substantially increase fuelwood production from natural forests in the Sahel.
Heermans (1986 cited in Heermans and Minnick 1987) demonstrated that it
may be possible to achieve growth rates for major fuelwood species almost
twice current consumption rates. Although natural forest management for
fuelwood production appears promising, considerable research is needed to
evaluate its biological, economic, and social potential.

Policy constraints to growing trees for fuelwood. Even when countries
overcome the technical problems for growing sufficient amounts of fuelwood
in large-scale plantations, in agroforestry systems, or under natural forest
management systems, as long as enough “free” open-access forest resources
remain to dominate market prices, tree-growing approaches are likely to be
ineffective. Problems with land ownership and tenure, therefore, are the
central issues for developing sustainable fuelwood resources under all three
technical schemes.

Three direct fuelwood supply effects can be attributed to the availabil-
ity of open-access forests (Clarke and Shrestha 1989%a):

1. People have no incentive to invest in restocking the biomass in
open-access resources, because other people may expropriate the
benefits from the investment. Even if property rights are enforced
for privately owned tree stocks, the existence of nearby open-
access forests tends to make commercial plantations or tree growing
on small farms uncompetitive, because commercial tree growing
must take into account not only the costs of harvesting but also
the land, planting, and maintenance costs.””

2. Open-access promotes underinvestment in the provision and
acquisition of information concerning such things as efficient and
sustainable harvesting practices and techniques or the environ-
mental impacts of deforestation. There is no incentive to discover
the maximum levels of harvest to ensure sustainable fuelwood
supplies or the critical minimum extent of tree cover to prevent
environmental degradation. ‘

® Tim Resch, USAID} and U.S. Forest Service, personal communication, 1990.
7 See French (1986) for a case study of these effects in Malawi.
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3. The lack of the ability to enforce property rights over forest
resources coniributes to the general misallocation of lands be-
tween forest and farmland. Because individuals can usually reap
all the benefits of land converted to annual agricultural crops but
must share the benefits of open-access forest with the rest of the -
community, forests will be converted to private farmland even
when its social value is greater as common property forest.

Even if the problem of property rights is solved, approaches to increas-
ing fuelwood supplies which involve encouraging small farmers to grow
trees for fuelwood either in small woodlots or in agroforestry systems face
serious constraints because of policies that distort prices in a variety of
markets. For example, the existence of distorted prices in labor and nonlabor
agricultural input, capital, commodity, and foreign currency markets pro-
vides significant disincentives to tree growing for fuelwood by small farm-
ers in many developing countries (Mercer 1990; Repetto 1988; Southgate
1988).

Fuelwood FPricing Policies

One of the major constraints to implementing effective tree-growing
programs to increase the supply of fuelwood has been the low value of
wood used as fuelwood. In many countries “free” open-access wood re-
sources, the bulk of which are government owned, still account for 80 to 90
percent of the supply both for Charcoaling and for direct fuelwood use
(World Bank 1987). As long as this is the case, the stumpage price at those
sites is zero, and market prices for fuelwood and charcoal will not reflect
the full scarcity values (i.e., the full social value) of the wood (Hyde and
Mercer 1990). Undervalued fuelwood resources may cause waste and inef-
ficiency in production and consumption and disincentives for tree growing.

In acknowledgment of this situation many observers (e.g., Openshaw
and Feinstein 1989) argue that stumpage fees for harvesting fuelwood on
government land should be raised at least to its replacement cost. Setting a
stumpage fee at the same royalty rate typically applied to crude cil (about
US$12 per barrel), for example, could produce revenue of about $2.5 million
a year from a city of 250,000 that consumes a million bags of charcoal each
year (Leach and Mearns 1988).8 Currently most countries charge some kind
of stumpage fee for fuelwood.® Most stumpage fees, however, are nowhere
near the social value of the i# situ resource or the replacement cost, and the
fees are rarely imposed on subsistence users.

® These rates are about the same as for fuelwood produced from government-run
plantations in Kenya and Tanzania (World Bank 1987 and World Bank/UNDP 1988).

° Botswana is an example of a country that imposes no stumpage fee at all on
fuelwood except in the Kweneng District (K. Openshaw, World Bank, personal
communication, 1990). .
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One of the main difficulties with stumpage-fee programs is determining
the correct amount to charge. There are three principal methods: residual
stumpage, alternative fuel substitute, and replacement cost. Implementing
these procedures can be quite complicated and costly. (See Openshaw and
Feinstein [1989] for a detailed discussion.)

Even if the correct stumpage fee could be determined, however, 1mp1e-
menting effective stumpage fees in places where most fuelwood is obtained
from open-access wood resources poses several other administrative, insti-
tutional, logistical, and political problems. There are practical problems and
- large administrative costs in countries where institutional capacity is al-
ready weak. For example, in areas where fuelwood comes primarily from
operations to clear agricultural land, it may be relatively easy to collect fees
from large, commercial farming operations. Collecting stumpage fees from
the myriad subsistence farmers who are responsible for the bulk of land
clearing, however, would be extremely difficult and costly.

Even assuming that the administrative and logistic problems could be
overcome and that the government succeeded in raising the price of fuelwood
enough to make growing trees for fuelwood a viable option, the distribu-
tional effect on low-income urban households could create severe political
problems. For example, in Kenya, the World Bank (1987) estimated that a
stumpage fee based on replacement values would increase retail prices by
- as much as 30 percent. Given the fact that any benefits associated with a

stumpage fee might not materialize until well into the next century, it is
highly unlikely that the political will could be mustered to pass and enact
such significant increases in stumpage fees.

Furthermore, it is uncertain whether stumpage fees would actually
increase private tree growing or enhance the viability of government plan-
tations. The situation would depend on such factors as land tenure, the
opportunity returns of other land uses, and transportation costs (Hyde and
Mercer 1990). Simply setting stumpage fees at the replacement cost in no
way guarantees that growing trees for fuelwood would be profitable.

Finally, obtaining information to estimate costs and benefits of stump-
age fees would be difficult and costly and any potential welfare gains would
probably be offset by the costs. In many cases implementing effective stump-
age fees might well be more expensive than directly enforcing property
rights (Clarke and Shrestha 1989b). However, implementation of stumpage
fees has proved successful when enforcement and collection are ceded to
local communities that share in the benefits. For example, Leach and Mearns

- (1988) descr1be the successful program in Rwanda.

Demand-Side Policies

Demand-side policies can be separated into two main groups: (1) poli-
cies designed to reduce demand by promoting efficient use of wood through
improved cook stoves and charcoal kilns; and (2) policies to reduce fuelwood
demand by subsidizing the substitution of modern fuels such as kerosene
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and liquefied petroleum gas. Unfortunately, the experience to date with
demand-side policies has been discouraging. Scant evidence exists to sug-
gest that the programs have changed demand patterns substantially; some
programs (e.g., subsidizing modern fuels) have been expensive failures, the
main effect of which has been to provide inexpensive energy to people who
least needed it. '

Increasing Efficiency of Use

Fuel-efficient stoves. Programs to design and propagate improved stoves
were viewed with great enthusiasm in the 1970s and 1980s. It was believed
that if improved stoves became widely used, firewood consumption and
hence deforestation would fall and opportunities for higher incomes would
increase because people would spend less time cooking and collecting fuel.
In addition, improved stoves were expected to generate dramatic health
~ benefits by reducing indoor air pollution. Rural households were targeted

for the new stoves because they typically consumed the bulk of fuelwood
and were perceived to need the most help in saving the surrounding forests
(Foley 1988).

" During the mid-1980s, however, improved-stove programs fell into gen-
eral disfavor among the donor community as a result of critical reviews by
Foley and Moss (1983) and Gill (1987), which questioned whether improved
stoves actually performed any better than the traditional stoves they were
replacing.'® Kirk Smith (1983) added fuel to the fire with his studies indicat-
ing that the new stoves also failed to alleviate significantly the ill-health
effects associated with indoor air pollution. More recent studies of perfor-
mance under normal operating conditions, however, suggest that the new
stoves are capable of achieving fuel-use efficiency 30 to 50 percent better
than that of traditional stoves (Joseph 1987; Floor 1988; World Bank 1987).
The disappointing results of most of the early stove programs can be more
accurately attributed to putting “the wrong thing (heavy-mass mud stoves),
“in the wrong place (rural areas), in the wrong way (self-built stoves), and
with the wrong people” (Floor 1988, p. 128).

In contrast, the recent successful programs in Kenya, Niger, Burundi,
Rwanda, and Harare have used commercial, charcoal, metal stoves in urban
areas. Indeed, in Nairobi it is reported that 80 percent of the traditional
stove makers are now producing the new stove with no government or
other donor assistance (Foley 1988). In Colombo, Sri Lanka, a ceramic wood-
burning stove has been successfully introduced. In all these cases, improved

1 Generalizations about improved-stove programs have ranged from' “the major-
ity . . . were more or less a complete flop” (Foley 1988) to “results . . . have been
disappointing” (Floor 1988) to “failed to displace traditional modes of cooking to
any significant extent” (Gill 1987).
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stoves have saved wood resources and cash for the urban poor, and have
produced a healthier household environment. They show that improved
stoves may be successful when fuelwood is a commercial good produced
and sold through the private sector, and when fuel savings mean cash savings.

Stove programs are more likely to be successful in urban than rural
areas for a number of reasons. First, there are many substitutes for fuelwood
in rural areas, and biomass fuels are rarely perceived as scarce (Dewees
1989), at least by men. Women may have very different perceptions. Second,
because cash is scarcer in rural areas, the people there have a much lower
ability to buy the improved stoves. In many rural communities, labor is in
surplus except during planting and harvesting times, so the market value of
an individual’s time may be close to zero. Therefore it may well make sense
for households to use fuelwood inefficiently rather than to spend their scarce
cash on improved stoves. '

Furthermore, the relationship between improved stoves and reduced
pressures on forest stocks may be tenuous at best. Clarke and Shrestha
(1989a) showed that only when the demand for fuelwood is very price
inelastic will improvements in conversion efficiencies reduce the pressures
on forest stocks. However, if demand for fuelwood is elastic (as is probably
the case in rural areas where there are many substitutes), efficiency im-
provements in wood consumption which result in lower prices per unit of
energy may provide incentives to harvest existing forest stocks more inten-
sively. When energy demand is highly income elastic, if improved fuel-use
efficiency frees household members to pursue wage labor or other income-
producing activity, use of fuelwood may actually increase. Foley (1988) sug-
gests that improved stoves may even delay the shift to modern fuels and
hence make fuelwood consumption higher than it would otherwise have
been.

At this time it is difficult to generalize about the benefits to be obtained
from improved stoves. Improved stoves apparently can contribute to solv-
ing fuelwood problems, but the stove programs probably should be limited
to urban areas. As Foley (1988, p. 72) stated, “As far as demand manage-
ment is concerned, improved stove programs are a venture into the un-
known.”

Improved. charcoal kilns. Efforts to improve charcoaling methods have
been under way for a long time. Improved mound kilns were introduced in
India in 1884 and portable steel kilns in 1891 (Cleghorn 1884 and Fernandez
1891, cited in Foley 1988). The Mark V portable steel kiln was introduced in
Uganda in the 1960s, the Tropical Products Institute kiln was introduced in
a variety of countries in the 1970s, and the Casamance kiln was developed
in Senegal in the 1980s (Foley 1988).

The usual objective of these efforts is to reduce pressures on forest
resources by reducing the amount of wood required to produce a given
quantity of charcoal. As long as open-access forest resources exist and
charcoalers obtain “free” wood, however, efforts to reduce wood consump-
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tion by introducing improved kilns are unlikely to succeed. Under open-
access situations, there are virtually no incentives for charcoalers to econo-
mize on wood use if the cost of the kiln is more than the increased fuelwood
harvest costs using inefficient kilns. If collection costs are very small or close
to zero, as in open-access situations, there would be little incentive to switch
to the improved kilns.

Clarke and Shrestha (1989a) found the results for the effect of kilns
similar to those for cook stoves. If demand for charcoal is inelastic, im-
proved kilns increase revenue from a unit of fuelwood and reduce the ag-
gregate costs of wood collection per unit of charcoal, thereby increasing the
availability of forest stocks. If demand is elastic, however, improved kilns
are likely to reduce forest stocks by increasing the areas that are economi-
cally accessible. Where forests are underused and the main problem is ac-
cess, this outcome may be desirable because it achieves increased harvest
levels with reduced effort. But if the intent is to reduce pressures on over-
used open-access forests, charcoal kilns may be counterproductive unless
they are accompanied by land tenure reform or other programs to reduce
access.

In Brazil, the introduction of improved kilns has been very successful in
areas where a large portion of the wood for charcoaling is grown and owned
by individuals, corporations, or the state, but the efforts have been unsuc-
cessful in open-access areas. The successful implementation of improved-
kilns in Uganda in the 1960s was due to its combination with an effective
program to reduce access and to control harvest levels (Foley 1988).

Substitution of Modern Fuels

Increased reliance on modern fossil fuels and electricity rather than on
fuelwood usually accompanies economic development. As national income
rises, more and more people are able to pay for the increased cleanliness,
convenience, and efficiency associated with modern fuels. For example,
fuelwood typically makes up 60 to 95 percent of total energy use in poor
developing countries, 25 to 60 percent in middle-income countries, and less
than 5 percent in high-income countries (Leach 1988; Leach and Mearns
1988).

This energy transition is also central to any understanding of urban
fuelwood use. As urbanization proceeds, households tend to use more en-
ergy and to switch from wood and charcoal to modern fuels. The Energy
Sector Management Assistance Program (ESMAP) (1990a) has discovered
this pattern in Indonesia, and Soussan et al. (1990a) discuss a number of
other examples.

Some countries have initiated policies to encourage a more rapid tran-
sition. In most .cases these policies have consisted of price subsidies for
modern fuels. To encourage consumers to switch to modern fuels, Indone-
sia instituted kerosene subsidies as high as 80 percent of the international



FUELWOOD PROBLEMS AND SOLUTIONS 195

market value. In hopes of reducing charcoal consumption in Dakar, Senegal
initiated a massive campaign to subsidize butane. Sri Lanka provided poor
families with stamps that could be traded for kerosene (Foley 1988). Thai-
land and India have prov1ded subsidies for biogas plants (Clarke and
Shresthra 1989b). -

Unfortunately, most of these policies have been expensive failures. For
example, Indonesia’s kerosene subsidy reduced the retail price of kerosene
to 18 percent of its international price—at a cost of $3.7 billion (roughly 5.4
percent of the GDP) in 1980-81 (Pitt 1985). Household surveys indicate that
the main beneficiaries were middle-income households, which would have
used kerosene at its nonsubsidized price, and the transportation industry,
which substituted kerosene for diesel fuel. There is no evidence to indicate
that the subsidies promoted decreased fuelwood consumption or deforesta-
tion. In Senegal, subsidization did result in increased consumption of bu-
tane, but no evidence exists that charcoal use was significantly affected.
Furthermore, a substantial fraction of the subsidized butane was exported
to Mauritania. This program also appears to have primarily benefited the
middle class, which would have been able to afford the nonsubsidized price

" (Foley 1988).

It is clear that designing effective pOllCleS to encourage substitution of
modern fuels for fuelwood requires clearly articulating the goals of the
policy and understanding the driving forces behind the transition. Goals of
interfuel substitution policies typically include reducing high fuel costs for
the poor, increasing consumer welfare, saving fuelwood, and protecting the .
environment. If the goal is to reduce the environmental damage associated
with deforestation, success will depend on the source of fuelwood. For ex-
ample, if the bulk of fuelwood comes from clearing land for agriculture,
subsidizing modern fuels will have little impact. If a large proportion of
demand is made up of charcoal produced in open-access forests, substitu-
tion policies may well produce environmental benefits, but only if fuelwood
use is the chief activity associated with forest exploitation.

A variety of household surveys have shown that the two main forces
driving the transition from fuelwood to modern fuels are access to depend-
able supplies of the modern fuels and income. The positive relationship
between fuel cheice and income is well established (Alam et al. 1985; Dowd

~ 1989; Fitzgerald et al. 1990; Dunkerley et al. 1990; Leach 1987; Leach and

Gowen 1987; Leach and Mearns 1988). The higher the income, the greater
the likelihood to choose modern fuels over biofuels. As urban incomes rise,
people typically progress from low-grade biofuels (e.g., crop residues, scrap
timber, tires) to firewood, charcoal, kerosene, LPG, and electricity or natural
gas (Leach and Mearns 1988).

In an analysis of fuelwood and modern fuel prices in 19 developing
countries, Barnes (1986) reported trends suggesting that rising incomes rather
. than prices are the predominant factor for fuel substitution and that reduc-
ing the prices of substitute fuel (e.g., kerosene) does not reduce fuelwood
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prices (or demand) unless incomes simultaneously increase or are redistrib-
uted toward lower-income groups. This study suggests that subsidies for
modern fuels are likely to encourage increased consumption among the
high- and middle-income households while having negligible effect on the
fuelwood consumption of the poor.

Access to dependable supplies of modern fuels is the other driving
force behind transitions between fuelwood and modern fuels. Wood and
charcoal are often used not because they are cheap, but because they are
available in places and quantities that fit in with the life of the urban poor.
The access issue has two basic components: differential access between ar- -
eas (e.g., rural versus urban, small cities versus large cities) and differential
access within cities. In rural areas the vast majority of households, even the
highest income classes, depend on biofuels for the bulk of their energy
needs; supplies of alternative fuels are nonexistent, insufficient, unreliable,
or very expensive (Leach 1988). The supply of modern fuels increases as one
moves from rural villages to small and medium-size towns and then to
large urban areas. For example, in India in 1979, 40 percent of household
energy was supplied by modern fuels in towns with populations of 20,000
to 50,000, compared with 58 percent in cities with populations of 200,000 to
500,000 and 75 percent for the largest urban areas (Leach 1987).

Access within cities also can affect fuel substitution behavior. Accessi-
bility frequently outweighs all other issues, including stove costs and prices,
for low-income classes. For example, Leach (1988) discusses a survey in
Lucknow, India, which revealed that few of the poor used kerosene, despite
the fact that it cost 40 percent less than fuelwood. Major deterrents to kero-
sene use were shortages and long lines, rather than the price of stoves or
other factors. : '

Factors that limit the effectiveness of policies to promote fuel switching
include the paucity of data on demand and supply elasticities, the require-
ment for additional foreign exchange, kerosene pricing policies, problems of
access in rural areas, inability of poor people to afford the required tech-
nologies, and lack of perception of fuelwood crisis by local people.

Subsidizing substitute fuels in order to conserve on fuelwood will be
cost-effective only when fuelwood is cross-price elastic with respect to the
substitute fuel and the demand for the substitute is own-price inelastic (Clarke
and Shrestha 1989b). For example, in Indonesia, Pitt (1985) estimated that
demand for both fuelwood and kerosene was own-price elastic and cross-
price inelastic, resulting in a costly failure (as already noted). However,
good elasticity estimates are exceedingly rare in most developing countries.
Without these, promoting subsidies for alternative fuels would be shooting
in the dark.

The requirement for additional foreign exchange is often cited as a se-
rious drawback to promoting substitution of modern fuels, particularly for
low-income oil-importing countries. Exhibit 8-1 shows the effects of substi-
tuting kerosene for all charcoal and fuelwood used in the cities of low- and
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EXHIBIT 8-1. Amount of Kerosene Required to Replace All Urban
Fuelwood Consumption in Low- and Middle-Income African Countries,
and Resulting Increase in Demand for Petroleum and Decrease in Demand
for Fuelwood, Selected Years, 1978-1989

Amount of Kerosene Increase in Decrease in
to Replace All Total Petroleum Total Fuelwood
Urban Fueilwood Consumption Consumption

Country Year® (10° tons} (%) (%)

Low-Income .

Benin 1983 40 34 26

Burundi 1980 15 46 23

Ethiopia 1982 170 32 26

Ghana 1985 180 26 44

Guinea 1984 110 29 23

Kenya 1985 335 - 20 29

Malawi 1980 40 29 5

Niger 1980 35 23 20

" Nigeria - 1980 405 5 12

Rwanda 1978 13 27 8

Sierra Leone 1986 60 34 37

Somalia 1984 75 41 : 32

Sudan 1980 435 45 32

Tanzania 1981 470 74 29

Togo 1981 40 17 25

Uganda 1982 80 51 15

Zaire 1980 540 9 37

Middle-TIncome ‘

Congo 1985 32 13 50

Ivory Coast - 1982 135 14 35

Liberia 1983 50 12 40

Mauritania 1984 - 13 8 40

Senegal 1981 55 8 27

Zambia 1989° 227 ' 40 21

Zimbabwe 1980 65 -1 18

? Byer (1987) in Leach and Mearns {1988), based on ESMAP Country Energy Sector Assignments.
by Openshaw, World Bank, personal communication, 1990.

middle-income African countries. For all the middle-income countries ex-
cept Zambia and including Nigeria, replacing all urban fuelwood with kero-
sene would raise the oil demand (and the accompanying need for additional
foreign exchange) by only 5 to 16 percent, while reducing fuelwood con-
sumption by 18 to 50 percent. Petroleum demand in the low-income coun-
tries would increase by 17 to 91 percent, and fuelwood demand would
decrease by only 8 to 44 percent. These numbers indicate that for those
countries where fuelwood use could be greatly reduced without significant
increases in oil demand, the substitution option may be appropriate. Whether
these percentage changes can be achieved, however, depends on a variety of
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demand factors. Development planners should analyze the driving factors
for fuel demands and reliable elasticity estimates for each local area before
governments make large expenditures.

Probably the most serious constraints are the distorted fuel markets in
most developing countries. Many urban fuelwood markets are highly de-
veloped and effective distribution systems. In contrast, the distribution sys-
tems for commercial fuels such as kerosene and LPG often are characterized
by shortages and black-market pricing and tend not o reach many periph-
eral areas where the poor live. Soussan (1990b) provides an example of the
effects of poorly developed markets for modern fuel in Mogadishu, Soma-
lia. If planners wish to encourage the transition from fuelwood in urban
areas, they must take action to ensure that viable alternatives are available
to low-income urban consumers. Without such action there is little hope of
reducing the use of wood and charcoal in urban areas.

POLICY RECOMMENDATIONS

Although specific activities will vary from place to place, experience in
a wide range of fields suggest four interrelated policy recommendations for
governments in every region experiencing fuelwood problems:

1. Improve the information base on which policies are based.
2. Correct market failures and improve functioning of markets.
3. Develop fuelwood sector strategies.

4. Strengthen fuelwood planning institutions.

In some situations, these reforms may enable markets to solve both
long-term and short-term fuelwood allocation and production problems
without further central government involvement. In other cases, central
government planning and allocation may be required in the short term to
assist in the transition.

Improve Information

Probably the single most important step a government can take to im-
prove its fuelwood situation is to improve-the information base on which
policies are formed. Among the most pressing needs are information about
household demand and supply, modern and fuelwood markets, the fuelwood
resource base, and forest management and tree-growing systems.

» Household Demand and Supply Information. Rigorous estimates of de-

- mand and supply elasticities are almost nonexistent. Until we can
more confidently predict how households will respond to changing
parameters, fuelwood policy interventions will be haphazard. Any
successes will be fortuitous.
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& Market Information. In-depth surveys of modern and fuelwood mar-
kets are needed to ascertain how the fuels are supplied, distributed,
marketed, and priced in urban areas (and in those rural areas where
the fuels have been commoditized). In addition, information is needed
on land, labor, agricultural, and other forest product markets in order
to identify market and policy failures and to estimate the potential
for fuelwood policies to augment supply. Noniraded markets—the
amount of time rural households spend collecting fuelwood and crop
residues—also should be investigated in the surveys.

* Fuelwood Resource Base. Lack of reliable data on fuelwood resource
stocking and annual sustainable yields of the local and regional
fuelwood catchments for rural villages and urban areas is a major
constraint to planning effective fuelwood policies. This information
should be coupled with information on household demand and sup-
ply in order to identify the nature of the fuelwood problem for spe-
cific fuelwood catchments and to tailor policies and programs to local
needs. '

» Forest Management and Tree-Growing Systems. Forest management and
tree-growing systems for fuelwood production need further develop-
ment and testing. Block fuelwood plantations are well understood,
but systems of managing the natural forest for fuelwood and other
products need to be developed and tested for biclogical and eco-
nomic productivity potentials in a variety of ecosystems and
agroclimates. In addition, agroforestry systems that produce signifi-
cant quantities of fuelwood as a by-product need refinement. Finally,
methods to use waste by-products from wood production systems
unrelated to fuelwood need to be developed and tested.

Correct Market and Policy Failures

The next step in formulating effective fuelwood policies is to identify
the underlying causes of fuelwood problems in specific local areas. Identi-
fying the underlying causes of fuelwood problems requires an examination
of their economic manifestations. Unfortunately, past fuelwood policies have
often been formulated on analyses based on the observable symptoms (physi-
cal manifestations) rather than the underlying causes {(economic manifesta-
tions) of the problem (Panayotou 1989).

Many economic manifestations of fuelwood problems can be traced to
market and policy failures that produce situations in which benefits are
disassociated from costs, prices from scarcity, rights from responsibilities,
and actions from consequences. For example, fuelwood harvesters (both
commercial and subsistence) are able to extract the benefits from “free,”
open-access fuelwood resources while shifting the costs of depletion to fu-
ture generations. As a result, prices (explicit and implicit) do not reflect the
growing scarcities and rapidly increasing social cost of fuelwood depletion.
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Many fuelwood-related problems can also be traced to p011c1es that
intentionally or unwittingly distort prices (incentives). Distorted prices {(from
both market and policy failures) fail to provide the signals that, in a well-
functioning market, would promote the increased conservation, substitu-
tion, innovation, and efficiency necessary to bring fuelwood supply and
demand into balance.

The most important market and policy failures are ill-defined, attenu-
ated, unenforceable, or undefined property rights; unpriced or underpriced
resources and absent or thin markets; and policy-induced price distortions
in capital, labor, and commodity markets. Each of these failures is briefly
examined in the paragraphs that follow.

Property Rights

To achieve efficiency, property rights must be well defined, exclusive,
secure, enforceable, and transferable. The lack of one or more of these char-
acteristics in local land markets is probably the single most important cause
of fuelwood-related problems. Property rights problems are also the root
cause of the environmental problems and fuelwood scarcity associated with
deforestation, and ill-defined property rights provide perverse disincentives
against tree growing. The open-access nature of forestlands in developing
countries is probably the most significant impediment to solving fuelwood-
related problems."

Private property rights that are ill-defined or attenuated also contribute
to fuelwood scarcity and provide obstacles to implementing successful
fuelwood projects, especially those based on encouraging small farmers to
use agroforestry systems or otherwise grow trees for fuelwood. Insecure
land tenure reduces investment incentives and encourages preference for
current consumption over future consumption, (Feder et al. 1988).

A number of recent attempts to move land tenure from centralized
control to more local or private control have demonstrated the efficiency
gains that are possible. For example, Spears (1988) reports a number of

1 For a review of the theory of open-access resource use and abuse, see Magrath
(1989). The distinction between open-access and common property resources is not
clear in the literature. This chapter uses the definitions of Bromley and Cernea
(1989), who defined common property as, in essence, private (or corporate) prop-
erty held by a group. All individuals within the group have rights and duties with
respect to the property, and nongroup members are excludable. Open access, in
contrast, represents situations in which there are no property righis, no one can be
excluded, and no management systems can be enforced. Common property rights
may be fully articulated and enforced by. cooperative group action to ensure effi-
cient management and use. Problems arise when the institutions for enforcing com-
mon property rights and management break down. See Magrath (1989) and Runge
(1981) for examples,
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instances in the Philippines and India when reallocating publicly owned
lands to private farmers and local communities increased reforestation ac-
tivities. The specific property rights regime that should be implemented,
however, will vary for individual locations and situations. In many instances,
the best solution may be privatization, especially when the land and pro-
duction systems warrant individual or family investment. Privatization may
also be best when shifting cultivation or other agricultural practices have
already resulted in de facto privatization. Privatization, however, may not
be best when the land area is extensive and cannot be protected from out-
siders, when the value of production is too low to warrant individual in-
vestments, and when products are diverse and used by a variety of people
(but not necessarily cash-valued highly).

In small, self-sustaining rural communities where strong traditions of
community or tribal management of resources exist and where population
and other external pressures are mild, community management of fuelwood
resources may be appropriate. Indeed, traditional common property sys-
tems have been used successfully throughout history to manage resources
on a sustained basis (Ciriacy-Wantrup and Bishop 1975; Runge 1981). Gov-
ernment ownership and control of fuelwood resources also can be efficient
under certain conditions, as when the country has a strong, well-staffed
forestry department with a history of successful management and control of
forest resources, and either a relatively small forest resource base to manage
or relatively low pressures on the forest resources. The issue is not so much
that any particular group should manage the resource but that the group
should be able to restrict access and have the necessary human resources
available to manage the forest, and that either the land or the proceeds from
the land should be distributed equitably among the affected populations.

Unpriced or Underpriced Resources and
Nonexistent or Thin Markets

Because open-access forest resources have no exclusive owners to de-
mand a price and deny access when that price is not paid, there are no
markets and no prices for these resources. The implicit price of the forest
itself is taken to be zero, regardless of the scarcity and social opportunity
cost. When open-access forests account for a significant portion of the
fuelwood catchment area, markets for fuelwood may exist but the price of
fuelwood will only reflect the opportunity cost of labor and capital used in
its production and transportation. The price does not include the opportu-
nity cost of the scarce natural resource (forests) used in its production, and
does not reflect its true social value. Therefore, the fuelwood price that
consumers face does not reflect the growing overconsumption and
underinvestment in supply.

~ The absence of fuelwood and labor markets in rural communities also
contributes to fuelwood problems. Many fuelwood projects have failed be-
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cause of their reliance on the assumption that fuelwood and the labor used
for fuelwood collection have market values, that is, that fuelwood collection
time can be converted to income by selling the fuelwood or the labor itself
(Clarke and Shrestha 1989a). When fuelwood is primarily a nonmarket sub-
sistence good and the value of fuelwood collectors’ time is very low, people
will continue to use fuelwood if they have to pay cash for alternative fuels.

Inadequate markets and supplies of medern fuels in both urban and
rural areas often constrain fuel substitution. For low-income households,
security of access is more important than price or convenience. Rigid gov-
ernment controls on operating oil companies and, where applicable, state-
controlled oil monopolies must be removed. In many countries, government
policies severely distort kerosene and oil prices, discriminating against low-
income consumers and rural areas. These distorting policies should be re-
moved and incentives installed to encourage oil companies to distribute and
market kerosene in these areas.

Price Distortions in Capital, Labor, and Commodity Markets

Kerosene pricing policies are one of the most common energy policy
failures in developing countries (World Bank 1987). These policies directly
compound the difficulties in supplying the urban poor and rural areas with
kerosene, the most important potential substitute for fuelwood. Cross-
subsidization from gasoline and diesel oil, combined with price controls,
results in lower retail prices for kerosene than other petroleum fuels, de-
spite the fact that all the import prices are roughly equivalent.'” The end
result is a strong financial incentive at both the supplier and the consumer
levels to divert kerosene to the diesel market and away from household
energy markets.

Moreover, many countries require uniform national pricing of petro-
leum products. Although there is usually an attempt to incorporate trans-
portation costs in petroleum prices, the pricing structure often gives petro-
leum suppliers little or no incentive to market their products in rural areas.
Together, petroleum pricing problems and the structure of the kerosene
market (in which the poor must buy from secondary retailers or bulk break-
ers) have discouraged supply, aggravated scarcity, and raised the secondary
retail prices of kerosene. In Kenya, for example, secondary retail prices have
been observed to be as much as 75 percent above the primary retail price in
urban areas and 100 to 200 percent in rural areas (World Bank 1987).

Efforts to increase fuelwood supplies by encouraging small farmers to
grow trees either in small woodlots or in agroforestry systems are gaining
in popularity. However, the distorted prices in labor and nonlabor agricul-
tural input, capital, commodity, and foreign currency markets provide

12 Retail kerosene prices are often 25 to 40 percent lower than diesel oil prices
{World Bank 1987).
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significant disincentives to tree growing for fuelwood by small farmers
(Mercer 1990; Repetto 1988; Southgate 1988).

Many of the market failures (especially those arising from insecure prop-
erty rights and unpriced resources) directly result from the failure of gov-
ernments to establish the legal foundations of markets. The existence of
market failures does not necessarily justify eliminating markets or other
government intervention. Policy intervention is justified only when the en-
suing benefits exceed the costs of intervention.

Develop Fuelwood Sector Strategies

Once planners have dealt with the prevalent market and policy failures,
they can formulate fuelwood sector strategies to manage supply and de-
mand. In most countries, planning should be based on the realization that
there is rarely a single fuelwood sector. Rather, a variety of fuelwood de-
mand centers usually exist with their own specific fuelwood catchment ar-
eas, which may or may not overlap. In order to determine the most efficient
balance in consumption between modern fuels and wood, planners should
identify the actual and potential fuelwood growing stock and the produc-
tivity and accessibility (economically and environmentally) of each catchment
area. Once this situation has been assessed, the most appropriate combina-
tion of demand and supply policies (for each catchment area) can be formu-
lated. Supply and demand policies are reviewed in the paragraphs that
follow. It should be noted, however, that because the fuelwood sector is
only one part of -a dynamic household energy system, successful policy
intervention requires a strategic planning approach.

Supply Management

The extent of forest cover that needs to be managed to produce a sus-
tainable (economically and environmentally) wood supply must first be
determined. Planners can then formulate policies to provide the correct in-
centives to ensure sustainable production. The available strategies remain
encouraging tree growing or improved forest management, or imposing
corrective taxes or stumpage fees. Once property rights are secured and
access to “free” resources is prohibited, fuelwood prices will adjust (prob-
ably upward). If fuelwood prices rise high enough in comparison with other
opportunities, land owners (private or communal) will have sufficient in-
centive to plant trees or otherwise manage forests for fuelwood production.
If the prices are not high enough to encourage tree growing and if positive
environmental effects associated with tree-growing for fuelwood are found
to exist, production incentives such as subsidies, extension services, and
demonstration projects may be required. Multiproduct agroforestry systems
and natural forest management for multiple use under private or commu-
nity control are usually the most efficient systems. Because the bulk of com-



204 ' MANAGING THE WORLD'S FORESTS

mercial fuelwood for the foreseeable future will come from natural forests,
proper management systems for woodlands will be essential.

' The other major policy to augment supply—stumpage fees—will be
successful only when access to the forest resource can be limited. In general,
given the inherent political, administrative, and institutional difficulties,
attempts to collect stumpage fees are not recommended to central govern-
ments. Developing alternative innovative tax systems such as the Malawi
kiln tax and solving the open-access problem should come first. In this
regard, however, transferring land tenure rights to local communities, ei-
ther permanently or in long leases, may prove to be an effective system for
collecting the fees. To be successful, local communities or their representa-
tives need to have a direct financial interest in collection of the fees. When
local communities act as mediators between forest harvesters and the forest
service or directly set and collect the fees, the costs may be considerably
reduced and the prospects of enforcement enhanced.

Demand Management

There are two basic approaches for managing demand: speeding up the
transition to modern fuels and increasing the efficiency of the use of fuelwood.
As already discussed, urbanization and rising urban incomes drive the tran-
sition to modern fuels. An unfettered supply system that can guarantee
access to the modern fuels in the quantities demanded is essential.

Experience suggests that subsidization of modern fuels is an ineffective
way to influence fuelwood consumptlon The more appropriate way to en-
courage fuel switching is to improve access to the fuels. Sometimes govern-
ments fail to provide the institutions, infrastructure, and policy framework
to encourage accessibility of modern fuels to low-income groups and rural
areas, and sometimes government policies directly distort the incentives for
oil companies to provide access. After these policy failures are corrected,
several policy approaches remain available. Governments can improve the
transportation infrastructure, especially to smaller towns and rural Vlllages
Governments can help increase the supply of LPG cylinders to low-income
families and provide incentives to expand retail outlets in low-income areas
and rur