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Pretace 

Since the beginning of the e ighties the increasing deforestation of 

tropi=I forests has raised ITllljor concerns both in the r espective t ropi<:41 

countries and in the industriAlized counlries. The reason for lhis is lhat 

the destruction of lropi=l foresl ecosystems not only impacts on the 

economic and ecologi= l well-being of lropi=I countries bul is likely t o 

lncur changes In the world c lilllllle by aggravaling lhe greenhouse effect . 

Nonethe less, the tropi<:41 countries have recognized that lheir foresl 

areas are A ITllljor economic resource lhal =n be exploiled in order to 

foster economic growlh and developmenl. 

The study ASsesses the conlribution of various economic sectors to 

the deforestation and forest degradation of t r opi<:41 moist forests and 

analyzes the irnpacl on t he economic developmenl of 40 lropi=l counlries . 

In ITlllny counlries , logging and wood mAnufacturing have accounted for a 

sizAble s hare of employment , income and exporl revenues. The same does 

not generally apply to industrial activities or agriculture on newly 

deforested land. In some cases, large-scale settlement programs have 

conlributed g reatly to deforestation. 

In mAny cases, forest conversion does not follow A long-run eco

nomic rationale. This is due to the influence of economic policy measures 

that provide incentives for unsustainable forms of land use, and to the 

widespread neglect of ecological values in view of t h e seemingly e ndless 

forest resources. An appropriate policy reform should aim at low- in -

tensily forest use and al the implemenlation of measures that would in

cr ease produclivity in agriculture. The required transfer s from lhe 

lndustrialized countries s hould be regarded AS payments for ecologi=I 

s ervices rather lhan development aid. Reslricting international trade in 

tropical h ardwoods is n ot likely to be effective, since the bulk of 

industrial roundwood from l ropical forests is consurned domesti=lly. 

lns tead , compensational payments are more likely to s ettle the North 

Soulh lensions lhal could possibly arise as a resull of global en viron 

mental problems and lhe respec live dislrlbutiona l conflicts. 

The sludy WAS commissioned and financed b y Greenpeace e . V., 

Hamburg . This flnancial s upporl as weil as informAlive discussions wilh 
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Heinrich Seul, are gratefully acknowl
ce starr espec1a Y 

the Greenpea ' d . the study, however, are those of the 
ed ed The opinions expresse m 

g · .1 reflect the views of Greenpeace e. V . 
authors and do not necessan y . . . . 

h 
• h to thank those md1v1duals who prov1ded 

Moreover • the aut ors WIS 
. d ticipated in discussing the r esearch project 

valuable informahon an par 

Th 
thors benefitted especia\ly from many h elpful 

with the authors. e au 
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Department o e 1 
desanstalt fü r Geowissenschaften und Rohstoffe, Hannover . Thanks are 

a lso due to Grete! Glissmann and Marlies Thiessen for typing and re

typing many parts of the study, as weil as to Martina Beck, Angela 

Husfe ld, Michaela Rank and Achim Schaffert for their extensive 

evalualion of geographical and statislical sources. Ilta Esskuchen and 

Bernhard Klein of the editing starr deserve credit for proofreading the 

manuscript. 

Kiel, April 1992 Horst Siebert 
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1. lntroductlon 

1. Background 

Since the beginning of the eighties the increasing deforestation o f 

tropical forests has raised major concerns both in the respective tropical 

countries and in lhe industrialized nations. The reason is t hat the 

destruc lion of the tropical forest ecosystem does not only impac t on the 

economic and ecological we\1- being of tropica l countries (desertificalion, 

soil erosion , c hanges in the mic r oclimate, decline in water resources) but 

incurs changes in the world climate by aggravating the greenhouse 

e ffecl. Fo\lowing Crutzen e t al. 11989] and Houghton et al. [ 1987], the 

estimated share of carbondioxide e missions resulting from tropical defor

estalion in g lobal carbondioxide emissions was between 10-30 percent in 

1980. Following a more recent study by Myers [ 1989) , this share was 30 

percent for 1989. 

Beside these effects on the g lobal climate, tropical forest ecosystems 

feature a var iety of unknown biological species. This genetic diversity 

has been a major r esearch input for natural scientists all over the world. 

Following Lovejoy [ cited in Enqu!te- Kommission (EK), 1990, pp. 49S-

509), between 33-SS percent of the 750,000 to 2 , S00, 000 biological species 

in tropical rain for est s will be extinguished in the 1980- 2000 period 

d epending on the t rends in defor estation. Hence, the destruction of the 

tropical forest ecosystem leads to negative ecological effect s both in 

industrialized and in the respective tropical countries. 

All of these ecological effects cause considerable economic costs in 

tropical and industrialized nations : 

- Due to the d eforestation of tropical forests the respective tropical 

countries face problems like changes of the mic r oclimate, soil erosion 

and dec line of the water endowment. These effects Jead t o a decline of 

agricultural productivity. Moreover, some · econonuc agents like, for 

ins t ance, the native peoples in tropica l for est areas have used the 

tropical for est as a renewable resource. These forms of economic uses, 

which do n ot r educe the r egenerative capacity of rain forest eco

systems, are crowded out given the current speed of deforestation in 
tropical countries. 
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h eenhouse effect is expected to destabilize the 
The aggravation of t e gr . 

1
• t and to cause rtuctuatlons in climatic extrema like tem-

g lobal c 1ma e r t r th 
d 

. d In general, the economic ef ec s o e greenhouse 
perature an win · . 

t 'tatively assessed. The resultmg inc rease in 
problem cannot be quan 1 . 

. . f t ature and wind are likely to reduce the pro-
the var1at1ons o emper . 

h' h are highly dependent on climatic conditions 
ductivity in sectors w 1c • 

t t agriculture forestry. Though the climatic 
i. e. , tourism, ranspor • • 

1 bal W-~ming are still disputed among natural 
effects due to g o ~ 
scientists, insurance companies have slarted to adjust their risk c harts 

f t d floods . 1 
showing the regional inlensity and frequency o s orms an 

_ The extinction of a number of biological species is expec ted to affect 

·1 bl for the pharmaceutical and c h e mical inthe research input ava1 a e 
dustries and the producers of agricullural inputs . lt has been re -

ported that a third of all medical drugs used in the European Com

munity (EC) includes a main ingredient which has bee n derived from 

wild plants or animals in tropical rain forests [ EK, 1990, p. 559] . 

Moreover. the development of cash crops which are resistent against 

partic ular diseases is highly dependent on wild crops in tropical rain 

forests . 2 As a result, costs of research and developmenl can be ex

pected to increase in these sectors [Oberndörfer, 1988, p . 4 J. 
- Many environmental economisls have pul forward lhal lhe mere exis

tence of environmental goods like lropical forest areas, biological 

species or beauliful landscapes have a positive value in terms of 

consumer preferences. Thus, these environmental goods can be treated 

as ordinary consumer goods as there is a positive demand for lhem. 

The supply of lhese environmenlal goods is permanently declining, 

lhus affecling lhe welfare posilion of consumers all over lhe world 

[Pearce, Turner, 1990, p. 265]. 

Given lhese effecls on the economic welfare in all counlries, the 

conservation of lropical forests should be in the interesl of both lropical 

and industrialized counlries. However. the tropical countries have re-

1 
Por instance'. . the M~chner Rückversicherungsgesellschaft AG pre -
pared a revis1on of 1ts meteorological charts already in 1989 (Welt -

2 ernährung, Yol. 19, 1989, No. 3, p . 3). 

lt has been estimated that illegal and legal trade with wild animals aoci 
plants from tropical rain forests accounte d for 5 billion ECU in the 
eighlies, which is not much less than the value of all tropic al Umber 
exports [ EK, 1990, p . 559]. 
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cognized their forest areas as a major economic resource that s hould be 

exploited to foster economic growth and development. In pa.rticula.r, 

tropical forest areas provide land reserves for the expansion of agri

cultural produc tion, mineral commodities and wood that can be exported 

or used as an input for the development of a domestic wood industry. 

Since all counlries with sizeable rain forest areas are developing coun

tries, they regard the tropical forest areas as a part of their natural 

resource endowment which should be used to raise incomes, employment 

and exports, even though the dec line of environmenlal quality causes 

economic costs to the respective countries . However, in the view of 

tropicaJ countries these costs cannot outweigh the economic benefits 

derived from destruclive rain forest exploitation. There are mainly two 

reasons for thal. First, costs of environmentaJ degradation become 

effective in the long run, while benefits accrue immediately afler lhe 

economic exploitation. Given the developmenlal problems and the poverty 

prevailing in some parts of the population in many tropical countries, 

governments, consumers and producers have an interest in short- run 

improvements of their welfare position. Second, 

environmental degradation and economic benefits 

accrue to different people. If the beneficiaries 

the economic costs of 

of exploitalion may 

are politically more 

powerful, the degradation of forest areas can be viewed as a conse

quence of the political process in these countries . 

He nce, there are at least some people in tropical countries 

benefitting from the economic exploitation of tropical rain forests , while 

o n lhe whole non- tropical countries suffer from the economic cosls of 

environmental damages . This divergence of interest calls for international 

agreements leading to a coordination of policy measures. The recent 

literature on the conservation of tropical rain forests features a variety 

of international policy measures for the conservation of tropical rain 

forests, i. e . , multilateral and bilateral development aid, debt- for- nature 

swaps , international funds providing c ompensation payments to countries 

conserving their tropical forests , international agreements on carbon

dioxide reduction, import barriers for lhose goods which are produced 

by using t ropical forest resources. 
1 

1 Por example, Ruitenbeek [ 1990]. 
Amelung 11989; 1990]. 

EK [ 1990], Oberndörfer [ 1988], 
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ti I policy measures have to be complemented by 
These interna ona 

. in the tropical countries in order to be 
domestic pohcy measures 

. t m theory of environmental economics provides a 
effective. The m1un-s rea 

1
. • truments such as taxes, licenses and regulations 

broad set of po 1cy ms 

1990
. Pearce 1990· Heister et al., 1991) . These common in -

[ Panayotou, , , , 
struments in environmental policy are supposed to discourage those 

sectors which use environmental goods intensively and thus ta.x the 

beneficiaries of environmental degradation relative to those people facing 

a Joss of economic welfare. 
Moreover, the structure of incentives to various economic sectors is 

determined by industrial policy and trade policy measures. Hence, the 

general economic policy of a country is a decisive element in the ex

ploitation of rain forest, as government policies may either encourage or 

discourage sectors that use rain forest resources intensively. Thus, a 

c hange of the government's sectoral priorities is likely to affect the 

degree of deforestation. 
However, the critical assessment of various policy measures has so 

far been quite tentative, since there is a lack of empirical evidence on 

the use of tropical forests as an economic r esource. As a result , com

parisons and analyses of alternative policy measures have been confined 

to rather conceptual discussions, while quantitative analyses of the 

effects of various policy measures were not feasible. The following study 

is meant as an inpul lo the policy discussion by providing empirical data 

on the economic use of tropical foresls . 

2. Objectlves of the Study 

As outllned in the previous section, there is a need for a fact - finding 

sludy in order to enhance lhe discussion on suilable policy measures for 

the conservation of tropical rain forests . In this respect this study will 

attempt to develop evidence for the following empirical issues : 

1) quantifying the contrlbution of various economic sectors to tropical 

deforeslation; 

2 > assessing the importance of these sectors and their use of rain forest 

resources for the economy of the lropical countries; 

5 

3) measuring the importance of raln forest resources to the world econ

omy; 

4) identifylng the government- induced incentives for sectors using 

tropical forest resources as an input factor. 

The first of these issues is certainly one of the very crucial prob

lems in the discussion of the tropical deforestation issue. In order to 

provide evidence, the users of tropical rain forest resources have to be 

identified on a country level by various economic sectors. Thereafter, 

their contribution to the destruction of rain forest ecosyslems will be 

estimated by using various proxies. As Section II. 3 will show, such esti

mations incur serious conceptual and empirical problems. Nevertheless, 

the empirical results may give important hlnts for the designing of 

effective policy instruments . The emphasis of the study is on those 

sectors that actually cause deforestation and forest degradation. Other 

economic activities, i. e, hunting and gathering, do not cause irreversible 

damages to the rain forest ecosyslem. These economic activities which 

are in line with a sustainable economic use of the rain forest will not be 

analyzed in lhis study. 

The second set of queslions is related to the importance of tropical 

forest resources as an inpul to economic development in tropical coun 

tries. As already mentioned above rain foresls form a resource base for 

a number of economic seclors which deple le this economic resource. The 

development of these sectors can be decisive for the future economic 

welfare of tropical countries. The relevance of these sectors for the 

domestic economy in tropical countries is a crucial issue for the dis

cussion of policy measures . The assessment of the economic relevance of 

forest - consuming sectors may give an indication how coslly a substitulion 

of these forest -consuming uses for olher economic activities could be for 

the economy if the respective tropical countries deliberately decide to 

conserve parts of its tropical rain forest areas thereby inducing 

structural adjustments in their economy. These adjustments can be coslly 

and painful when the forest- consuming sectors contribute the bulk of 

employment, export earnings and gross domestic product (GDP) of the 

tropical countries or provide essential inputs to related industries. 

Hence, the importance of lhe rain forest depleting industries will be 

measured in terms of shares in sectoral output or GDP, shares in total 

e mployment and shares in total exports . 
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In the same vein, the importMce of rain forest resources to the 

d in terms of shares of exports extracted 
world economy will be assesse 

in worldwide exports of that commodity. This 
from tropical forest areas 

discussion whelher a reduc tion in tropical 
lssue sheds light on the 

major struc tural adjustments in the world 
deforestalion will lead to 

economy. 
1 · of sectoral policies in tropical countries refers Finally, the Mil ys1.s . 

. t h ' h extent domestic policies in trop1cal countries to the queshon o w 1c 
, the exploitalion of the tropical forests . This encourage or d1Scourage 

analysis will Show Whelher a reducllon of government-induced distorlions 

like subsidies, trade barriers and other regulations may simultaneously 

improve the economic welfare and the quallty of the environment in 

tropical countries. 
The report 1s structured as follows . Chapter 11 addresses various 

t 1 · and definitions associated with the empirical analysis concep ua 1Ssues 

and provldes a short overview an recent empirical studies on lropical de

forestalion. Chapter III discusses the role of the forestry sector in the 

destructlon of the rain forest ecosystem Md lhe importance of lhis 

sector to the economy of tropical countries and world limber trade. The 

conversion of tropical foresl areas into agricultural land is discussed in 

Chapter IV. Since agricullural expansion into tropical forest areas can 

be often traced back to government-induced mlgration and infrastructure 

programs, the role of government policies and their impact on various 

segments of agricultural producllon in troplcal forest areas will also be 

discussed in this chapter. Finally, Chapter V analyzes tropical defor

estallon due lo large-scale induslrial projects such as hydropower gener · 

atlon, mining and related lnduslries. 

Since this is flrsl and foremost a fac t - flnding study, the possible 

effects of various pollcy measures, which can help to save the tropical 

forest ecosystem, will not be discussed In detail but rather briefly 

surveyed in the last chapter. The effectiveness and impact of various 

international and national pollcies will be subject to future research, for 

which this study may provide a valuable inpul. 
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II. Causes of Deforestatlon In Troplcal Countrles 

1. Countrles and Troplcal Forest Areas Studled 

The basic concept to delimil the lropical zones refers to the periodicity 

of the cllmate. Accordlngly, tropical areas reveal on average higher daily 

than seasonal fluctualions of the lemperature. Moreover, in tropical 

zones lhe number of day and night hours vary to a negligible exlent 

across the year. 

Following lhe classiflcatlon of lhe Food and Agricullure Organizalion 

of the United Nations (FAO), foresls are regarded as a vegetation type 

in which the dominant woody element is a tree with a height of more 

than seven meters . This study will not focus on all forest areas in this 

geographical zone but rather pul an emphasis on those areas with 

tropical moist evergreen (or partly deciduous) foresls ( rain forests) . 

Usually lropical moist evergreen foresls occur at an altitude below 1300 

m. However, for some countries even forests located at higher altitudes 

will be considered, such as the mountain rain forests in lndonesia and 

Central Africa as weil as the highlands of the Amazonian rain forests 

reaching up to an allitude of 1800 m. 

There are several reasons to confine this study on countries with 

tropical moist forests . Firs t, the biological diversity and the relcase of 

carbondioxide resulting from deforestalion as it was mentioncd in Section 

1. 1 is s ubstantially higher in lhese types of foresls than in tropical dry 

forests . Second, the tropical moist forests are much more sensitive 

ccosystems In the sense that the economlc exploitalion of these forest 

areas bear a high degree of irreversibility. As the soil in rain forest 

areas is predominanlly of very low fertility, reforestation cannot be as 

successful as in boreal foresls or tropical dry foresls, oncc the c learing 

of forests has led to soll erosion. Duc to the very limited regenerative 

capacity of moist lropical rain foresls, reforested areas cannol be 

regarded as substltutes for primary moist tropical forests. For this 

reason this study will only cover natural closed foresl formations 

neglectlng all klnds of plantatlon foresls monocultures, as far as the 

dala allow for a separalion. Natural forests comprise both primary and 
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1 Even though primarY and secondary forests may 
seconda.ry forests. 

qul
·te different characteristics, a differenliation belween these 

display . 'ble There are some counlries where foresls 
forest types is not poss1 . 

. . f ondary forests . This will be indicaled by a 
cons1st mamly o sec 

respective footnote in this study. 
Because of a lack of accurate maps and empirical evidence for some 

countries tropical meist evergreen fores ts cannol be always distinguished 

from moisl deciduous forests . This is especially lhe case in South-East 

AsiAn counlries, where maps do not show the fronlier between deciduous 

foresls and moisl forests. In the same vein, forest formations in the 

Latin American countries do not allow for a clear separation. Those cases 

in which a separation is not possible will be indicated by a respective 

footnote in the text. 
Given this seleclion, this study will only cover countries with 

natural closed broadleaved forests of 1 million ha or more. According to 

the FAO, this category basically consists of all types of lree formations 

(except plantations) with predominance of broadleaved species, covering 

a high proporlion of the ground and not having a continuous dense 

gross layer. Shrub formations, mixed forest- grassland areas (savannahs , 

cerrados), forests with predominance of coniferous species and young 

secondary forests which have not been c leared within the last 20-30 

years (forest fallow) are excluded. This is to say, that there are still 

!arge ecological differences within this group, either in prevailing 

climatic conditions (evergreen, semi-deciduous or deciduous foresls, 

i. e. , wet, moist or dry forests) or in the degree of disturbance 

(prirnary and old secondary forests; lhe latter comprises forests that are 

in a reconstitution stage after intensive logging, forest fires or c learing 

by shifting cuJtivation). Whereas the firs t categorizalion has not been 

performed during the 1 bal F O . g O A /United Nations Environment Programme 
( UNEP) -project t · t f • es una es or subcategories like "undisturbed forest" • 
"logged-over forest• "' l . m ens1vely managed forest" 
forest • have bee . n provided. Yet the delimitalion of 

and "unproductive 

these subcategories 
raises some emp' • 1 • • lI'ICll problems I Lanly, 1982, p . 15] . For inslance, il is 
diff1cull to dislinguish bel ween forests and forest fallow, especially if 

1 
Secondary forests are 
areas; young seconda na:uraJ regrown formations on previously c tear ed 

ry orests are commonly termed forest fallow. 
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small-scale "mosaics" are dominating, or to separate degraded closed 

forest from open forest. In addition, it has to be emphasized, that the 

subcategory "undisturbed forest• by definition includes forests, which 

for the last time have been logged 60-80 years ago. These old secondary 

forests generally differ from untouc hed forests with respect to their 

ecological characterislics. 

The selection of countries will c hange in the course of the study. 

Basically, data have been collected for 14 African countries (Guinea, 

Sierra Leone, Liberia, Ivory Coast, Ghana, Nigeria, Central African 

Republic, Cameroon, Conga, Gabon, Equatorial Guinea, Zaire, Angola 

and Madagascar), 17 American countries (Mexico, Belize, Guatemala, 

Honduras, Nicaragua, Costa Rica, Panama, Colombia, Venezuela, Guyana, 

Suriname, French Guiana, Ecuador, Peru, Brazil, Bolivia and Paraguay) 

and 12 Asian countries (India, Sri Lanka, Burma/Myanmar, Thailand, 

Kampuchea, Laos, Vietnam, Malaysia, Indonesia, Brunei, Papua New 

Guinea and the Philippines). The lack of empirical data does not allow 

for a treatment of all aspects listed in Section I. 2 for this broad set of 

countries. For this reason, some sections of the study will be restricted 

to Brazil, lndonesia and Cameroon. The forest coverage of these coun

tries comprises almost half of all c losed tropical forest formations in the 

world , while each country displays some of the typical characteristics of 

forest exploitation typical for the respective continent. 

Summing up, deforestation of primary moist evergreen forests 

cannot be estimated, given the lac k of data and conceptual problems of 

classification. Hence, the deforestation data used in this study include 

all tropical forests with a dominance of broadleaved species. Never

theless, most of the countries lisled above, especially Cameroon, Brazil 

and lndonesia, reveal a predominance of tropical moist forests so that 

results derived from 

cerning the tropical 

forests in this study. 

the deforestation data allow for conclusions con

moist forests, which will be named tropical rain 

2. Models Used to Quantlfy the Extent of Deforestatlon 

In order to calculate the share of various economic sectors in the con

version of tropical forest areas, it is important to know the total extent 
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f tation One of 
the major problems involved in quantifying the 

of de ores · . is the definition of deforestation. Usually lhe 
f deforestation 

extent O t the complete destruction of the forest cover 
term deforestatlon refers o 

·r· t·on deforestalion implies a change of land 
. the FAO cla.sst ica 1 • 

Followtng cover to le ss than 10 percent I FAO b] 
use or deplelion of crown ' . 

. lh forest dass which severely affect the re-
Hence, changes wilhtn e 

. f forests are termed foresl degradation, even if the 
generative capacily O • 

. ed d lo less than 50 percent. As Section II. 3 Will 
crown cover is r uce 

w definilion of deforestation is not well-suited to 
show, this very narro 

1 . to be performed in this study • 
the ana ysis . 

rent estimations of deforestation in tropical countries 
Moreover, cur 

U 
• n•ture There are several reasons for that: 

are quite tenla ve 10 ~ • • • • 

_ Before 1976 forest inventories have been comp1led by usmg different 

concept.s for the c la.ssification of forest.s. Depending on the concept, 

these forest inventories came 
up with different eslimates of exisling 

foresl areas. An extensive forest inventory was performed by the FAQ 

in 1979-1981 [ Lanly, 1982]. This study is currently repeated for 1990. 

However , preliminary results will not be available before the end of 

1991. For this reason, the deforestation rates lhat can be calculaled 

by using the dala processed in the 1990 invenlory are not available for 

lhis sludy. 
- Global foresl inventories worked out, for example, by the FAO have 

been made irregularly. Hence, annual rates of deforestalion are 

calculaled by taking averages of 5-10 years. These averages may vary 

depending on the period conside.red. 

- lt is almest impossible to achieve a coherent picture of the state of 

tropical forests for one point in time. The reason is that the statistics 

of the particular countries may lag behind, while the methods of fores l 

assessment are different across countries. Moreover, technical facilities 

of forest assessment have been impr oved substantiaHy in the lasl 

decade, when remote sensing methods using satellite pictures were 

introduced. As a result, more recent studies, suc h as Lanly [ 198Zl 

and Myers 11989] can be expected to be more reliable than older 

studles which have been mainly based on sample data and national 

stal is lies . 

- Global forest inventories calculating forest coverage of all t ropical 

countries for one year rely on trend extrapolations and sample data by 
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using main-stream statisUcal techniques because country-spccific data 

are not available for the samc years. Hence, there are not only errors 

that can be attributed to the input data bul also to the statistical 

models used. 

As far as recent inventories of tropical forests are concerned, there 

are only two global foresl inventories available. The first one is the FAO 

study by Lanly 11982) . This study provided an inventory of forest 

resourccs for 76 tropical countries for 1980. Deforestation rales for the 

1976- 1980 period were calcuJated by using at least two observatlons from 

this period. The resulting trend in deforcslation was used lo estimate 

the forest inventories for each of these countries at the end of 1980. 

Based on lhese data deforestation rates were calculaled for the 1976 - 1985 

period. Of course, these projections were built on a number of assump

tions that had to be made concerning future developments in population 

increase, family size, migration, shifting c ultivations, structure and level 

of agric ullural production, logging ac tivilies , etc. 

Table 1 shows lhe resulls of the 1980 cstimales and the preliminary 

estimates of lhe 1990 assessment. While lhe forest areas reveal a high 

degree of convergence, there is a high discrepancy between lhe rates of 

deforestalion for the 1976-1980 period and the prelimin.ary results for lhe 

1981- 1990 period. This discrepancy is due to lwo fac tors . On the one 

hand, lropical defores lation has acceleraled especially in West and 

Central Africa. By contrast, rates of deforcstation in Latin America have 

only s lightly increased. On lhe other hand, deforestation in some !arge 

Asian countries has been undereslimaled in lhe 1976-1980 dala. Following 

lhe 1980 assessmenl, almost 60 percent of closed tropical forests were 

located in Latin America, which also accounted for almosl 70 percenl of 

undisturbed foresls (Table 2). On lhe whole, lhe undislurbed forests 

comprise the majorily of tropical forest areas, while logged forests are 

comparatively small. 

The second global foresl inventory was undertaken by Myers 

[ 1989) . Basically, Myers used lhe same melhodology as the earlie.r FAO 

inventory. The classification of foresl lypes in Myers's sludy is less 

detailed than in lhe FAO invenlory. The 1989 invenlory of Myers was 

calculaled by using counlry studies on deforeslation. Myers 's results 

show thal annual rates of deforestation in 26 counlries and regions 
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- Resulls of the 1980 and 1990 
Table 1 Resources Assessmenl Projec ts 

FAO/UNEP Tropical Forest 

-
1980 assesament(a) 1990 aueument(b) 

average an- foreat average an-
forest nual defor- area(c) nual defor-
area(c) estation 1990 

estation 
1980 1976-1980 1981-1990 

mil. ha per cent mil. ha percent 

West and 
Central Africa 259(d) 0.9 
(15 countries) 338 0.5 

Latin America 840(d) 
(22 countries) 896 0. 7 0.9 

Asia(e) 
0.6 275(d) 1.2 (15 countries) 298 

Total 1 , 532 0.6 1,374 1.0 

(a) Derived from the PAO/UNEP study, originally covering 76 countries. 
- (b) Prel iminary results. - (c) Area of natural closed and open forest 

(excluding fallows). - (d) Changes (compared to the 1981 report) are 

probably due to a corrected delimitation between open forests and 

savannahs and upward corrections of fores t f a llow area. - (e) Papua New 
Guinea is not included. 

Source: FAQ [ 1991); FAQ/UNEP [ 1981). 

Table 2 - Subcalegories of Closed Tropical Forest, 1980 (mit. ha) 

West and Central 
Latin Alller ica Asia and Oceania 

Africa (15 coun-
tries) (23 countries) (16 countries) 

Porest ar ea 338 897 336 
(including fallow) (426) 

Closed broad-
(1,066) (409) 

leaved forest 188 
thereof: 

654 292 

undisturbed 115 453 97 
logged(a) 32 54 95 
unproductive 42 147 100 

Ca) Hanaged forestry or exploitation. 

Source: FAO/UNEP [ 1981]. 
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amounting l o 97. 3 percenl of total moist lropical foresls was 1. 8 peroenl, 

which is substantially higher lhan the FAQ estimate. 1 

Table 3 shows lhe result of Myers 1989 assessmenl and lhe FAQ 

1980 assessmenl on the counlry level. The deforestalion rates of hlyers 

for 1980 go in harmony with lhe FAQ assessmenl for 1981- 1985. Never

lheless, there are some discrepanc ies belween stock dala of lhe FAO and 

those of Myers thal are related to conceptual differences : Firs t of all, 

Myers estimated the area of moisl foresl whenever possible and sometimes 

even primary forest only, whereas lhe FAQ figures relale to total closed 

broadleaved forests . This may e xplain the discr epancy for all Latin 

American counlries and for Madagascar . Second, Myers's figures obvi-

ously inc lude open forests for some countries, for example, in Vene-

zuela, Papua New Guinea and Thailand. Third, in some cases Myers 

g ives estimates for what he calls • good quaJity for est • wilhout relating 

this lerm lo the FAQ concepts, for e xample, in Congo and in lndia. On 

top of that , there is a subslantial disc repancy between the FAQ's defor

estation data for lhe 1981- 1985 period and t h e deforestation rates of 

Myers for 1989. On average, the !aller are higher lhan lhe respective 

estimalions of the FAO. This seems lo confirm the preliminary results of 

the FAO 1990 assessment, which is not yet available on the count ry 

level. 

The results of the FAO and Myers in Table 3 show lhat lhe bulk of 

tropical closed forests is located in Zaire, Brazil and lndonesia. There

fore , their absolute d eforeslalion rales measured in sq km range among 

t h e highest in the world . ln relative lerms, however, deforestalion is 

muc h higher in counlries li.ke Thailand, lhe Philippines, Nigeria, lvory 

Coast, Madagascar and Vietnam, as can be shown by the percentage 

annual deforeslation rales calculaled from lhe Myers ( 1989] study. 

Relative rates are usually calculaled by dividing lhe absolute rate of 

defores lalion by the remaining foresl area. For the !alter counlries 

relative deforestation rates range above 5 percent. Hence, these coun

lries seem lo use up lheir forests much faster lhan countries which have 

been at the center of interest in the debate aboul lropical defor estat ion, 

i. e . , Brazil, lndonesia and Zaire. 

1 Percentage rates of deforeslation are calculaled by dividing annual 
deforestation by lhe stock of closed forests in 1980. 
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. l Foresls· Presenl Status and Deforestation in 
Table 3 - Tropical Moas · 1976- 1989 

Setecled Countries, 

Bolivia 
Brazil 
Colombia 
Ecuador 
Guyanas (F'rench 
Guiana, Guyana 
and Suriname) 

Me:dco 
Peru 
Venezuela 
Central America 

(excluding 
Caribbean State1) 

Cameroon 
Congo 
Gabon 
Ivory Coaat 
Madagaecar 
Nigeria 
Zaire 

Burma 
India 
Indoneeia 
Kampuchea 
Laos 
Malaysia 
Papua New Guinea 
Philippinee 
Thailand 
Vietnam 

Extent of closed 
forests 

F'AO 

1980 

440,10 
3562,80 
464 , 00 
142, 30 

422.05 
265.70 
693,10 
318.70 

169.71 

179.20 
213.40 
205.00 
44.58 

103.00 
59.50 

1056.50 

311.93 
460.44 

1135.75 
71.50 
75.60 

209 .96 
337.10 
93.20 
81.35 
74,00 

Myers 

1989 

70.0 
2200.0 

278 . 5 
76.0 

410.0 
166 . 0 
515,0 
350.0 

90.0 

164.0 
90.0 

200.0 
16.0 
24.0 
28.0 

1000.0 

245. 0 
165.0 
860.0 
67.0 
68.0 

157.0 
360.0 
50.0 
74.0 
60.0 

Average annual deforestation 

Myers F'AO Myers 

1976- 1980 1981-1985 1980-1988 

1000 sq km 

0.75 
14 .50 
4.60 
2.20 

0.35 
6.10 
2.90 
1.10 

4.60 

1.20 
0.20 
0.20 
3.80 
2.00 
3.10 
2.60 

1.80 
2.60 
6.60 
0.60 
0,80 
2,90 
0.70 
4.60 
3.40 
1.80 

0.87 
13.60 

8.20 
3.40 

0.06 
4.70 
2.60 
1.25 

3.40 

0.80 
0.22 
0.15 
2.90 
1.50 
3.00 
1.80 

1.00 
1.32 
6.00 
0 ,25 
1.00 
2.55 
0.22 
0.90 
2.44 
0.60 

1.5 
50.0 

6.5 
3,0 

0.5 
7.0 
3.5 
1.5 

3. 3 

2.0 
0.7 
0.6 
2 . 5 
2.0 
4.0 
4.0 

8.0 
4.0 

12.0 
0.5 
1.0 
4 .8 
3.5 
2.7 
6.0 
3.5 

Note, The F'AO figuree refer to cloeed broadleaved forest (excluding 
fallow areae); deforestation figures are extrapolations. Myers's fig
uree refer to tropical moist forest (primary and aecondary); his defi
nition of deforestation includes severe caees of over-logging. 

Source: FAO/UNEP 11981); Molofsky et al. [ 1986); Myers ( 1989) . 
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In lhis study Myers's [ 1989) and Lanly's [ 1982) resulls will be used 

to quantify lhe share of various economic aclivilies in deforest.alion. 

These data will be complemenled by conversion rales, as lhey will be 

calculaled in Section IV. 1 of lhis s ludy, World Bank eslimalions for 

lndonesia and rates of forest degradalion, as they will be discussed in 

lhe nexl seclion. 

3. Economlc Seetors lnvolved In the Exploitation of Troplcal Forest Areas 

The tropical nun forest is an economic resource providing a multitude of 

produc ls and inpul faclors for a nwnber of economic aclivilies and 

industries. From lhe viewpoinl of lhe respeclive lropical counlries lhese 

resources should be exploiled in order lo e nhance lhe development 

process, even if lhe exploilalion of these resources incurs serious en

vironmental problems in lhe long run. One of lhe most imporlant forest 

resources is wood which can be exlracled by eilher clearing, seleclive 

logging or suslainable foresl managemenl. TropicaJ timber is bolh an 

exporl producl and an important input good for wood and conslruclion 

induslries in lropical counlries. 

Moreover, most tropical counlries regard lhe land covered with 

tropical foresl as an input faclor for the expansion of agricullural 

produclion. Basically, there a re two different s ubsectors within lhe 

agricultural sector using lhe land in lropical foresl areas. On the one 

hand, lhere are shifling c ullivalions a nd small- scale holdings, which 

s u ccessively c lear small forest areas in order lo produce their own food 

and provide crops for regional markels. A parl of lhese shifling culli

vators can be regarded as belonging to the subsistence seclor , as lhey 

are not even inlegrated in regional markels. Thoug h in earlier times 

s hifting c ultivations were in line with a s ustainable economic use of lhe 

lropical rain fores l s, the rising number of shifling cullivators s ince 1960 

exceeds lhe carrying and regeneralion capacity of lropical forests, lhus 

contributing to lheir depletion. On the olher hand, there are permanent 

and larger agric ultural holdings as well as plantations producing food 

crops, export crops as weil as lives tock for the national markels. The 

establishment of these holdings usually requires lhe c learing of large 
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to obtain enough land eligible for extensive agricutturai 
roresl areas 
managemenl. 

. ce of clearing in tropica.l forest are6S is the 
Anolher mapr sour 

Man countries in the tropical zone are endowed with 
induslrial seclor. Y . . . a 

. 1 resources atlracting bolh exlracltve mdustnes as Welt 
number of nunera 

. ts for furlher processing . In addilion, lropical fore l 
as eslabhshmen s 

US 
... 11y weil endowed wilh a sizeable hydropower potential 

areas are -
facililaling lhe processing of minerals or lhe eslablishment of olher 

induslries wilh a high electricily inlensily in produclion. Moreover, 

deforeslalion is caused by other relaled industries and infraslruclure 

services thal are linked lo lhese exlractive induslries. 

Pinally, il has lo be noled lhal beside shüting cultivalions there 

are olher tra.dilional economic uses of tropical rain forests as lhey have 

been d eveloped by the native peoples in tropical forest areas. Some of 

these aclivities are due to the subsistence seclor such as hunling and 

collecting wild fruit and vegelables. However, some of these acliviles are 

integraled into regional or even international markels such as lhe 

colleclion of natural rubber or brazil- nuts or the produclion of rattan. 

These tra.ditional activities use lhe tropical forest as a renewable 

resource in lhe sense lhat they do not cause deforestalion bul ralher 

have an interesl in the persislence of lhe prevailing ecological syslem. 

By conlrasl, the forestry seclor, agricullure and induslrial seclor s use 

lhe foresl as a non-renewable resource, lhus causing the depletion of 

lhis economic source across time. For lhis reason, this sludy will rather 

focus on these seclors lhan on the lradilional forms of rain foresl ex

ploilalion. 

One of lhe objeclives of lhis study is to eslimale the conlribution of 

parlicular seclors lo lhe conversion of lropical foresl areas inlo other 

forms of economic use. In lhis respecl, only few attempts have a lready 

been made. Table 4 gives an overview on earlier studies lhal have 

calculaled the percenlage conlribulion of various seclors or subsectors to 
worldwide deforeslation. 

The PAO Sludy by Lanly 11982] has calculated lhe s hare of shifting 
cullivators by usin t · . ical 

g es unales on population and migration tn trop 
foresl areas 115 11 . we as average land requirements of shifting cuJtivators . 

Talung structuraJ data from 1980, land consumption by shifting c ulli· 
Valors -~ ~- projecled to t l ·on in 

amount lo 35 percent of total defores a 1 
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Table 4 - Contribution of Economic Activilies to the Worldwide ConvenJion 
of Tropical Forest Areas by Various Economic Seetors, 1980-
1988 ( percenl) 

Porestry 

Agriculture 

Shifting culti
vations and small
scale holdings 

Permanent and 
large-scale agri
cultural holdings 

Mining and related 
industries 

Hydropower generation 
and related induatriea 

Other induatries 

Lanly 

1981-1985 

44 

Bit 

1981-1985 

10 

90 

40 

50 

0 

0 

0 • 

Bruenig(a) 

1980-1988 

10 (25) 

60 (50) 

30 (25) 

(a) Figures in parentheses include deforestation and degradation. 

Source: Bruenig 11989); EK [ 1990) ; Lanly ( 1982] ; own calculations. 

Latin America in the 1981-1985 period. For Asia a.nd Africa this s hare 

was considerably higher r=ching 49 and 70 percent in the same period. 

These resulls point lo the fact that differences between regions a.nd 

between counlries are quite substantial, thus calling for a country

specific analysis . On average, the contribution of shifting cultivators to 

worldwide deforestation was estimated al 44 percent. as Table 4 s hows. 

Based on lhe data set eslimated by Lanly ( 1982 ), the report pub

llshed by EK [ 1990, p. 191] provided a broader picture of sectoral 

contributions to lropical deforestalion. According to this sludy, 90 

percent o f lropical d eforestalion C4n be attributed to the agricultural 

sector. while only 10 percent was due to forestry. lt is interesting to 

nole thal this s tudy regards the contribution of the industrial sector as 

negligible. 
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h of the forestry sector were confirmed b 
e Jow percentage s ares . y 

Th . [ 1989] . His estimates y1eld that 60 perce t 
. study by Bruenig n 

an earher d by shifting cultivators and small- scale agr · _ 
of deforestation were cause t 

'bl t J'udge the r e liability of this study becaUs 
lt is not posst e o e 

culture. 
1 

bo te on data sources or estimation techniques 
the author does not e a ra . 

bl ms Of estimation, there is yet anolher conceptuai 
Beside such pro e ~ 

all O
f these studies. The tropical forests provide not only 

shortcoming in 
. t f input factors to various indus tries, namely land 

one but a varie Y O • 
ood hydropower energy and other forest products 

mineral resources, w • · 
. th economic activities and the partic ular tropical forest 

Dependmg on e 
. t f ctors can be provided simultaneously or successively 

area these inpu a · 

h 
. t factors are used by more than one economic sector at the 

lf suc mpu 
same time, there is a joint use which makes it difficult to determine the 

sectoral shares in deforestation. There are several examples for that: 

One of the preconditions for the establishment of industrial sites, 

livestock produclion, permanent holdings and plantations is the c learing 

of the parlicular forest area. Hence, these sectors use the t ropical 

foresl resource jointly with the forestry sector. Alternative use is only 

predominant when the clearing of forests is not profitable e nough. In 

these cases the forest area has to be cleared by burning rather than by 

harvesting. 

Moreover, there is strong empirical evidence for the successive use 

of tropical forests by selective loggers and other sectors especially 

shifling cultivators ( Lanly, 1982; EK, 1990, p . 295] . The r eason is lhat 

the forestry sector opens up primary forests for other uses by es tab· 

lishing an infrastructure that can be used by other sectors afterwards. 

Moreover , selective logging opens the forests for the exploration of 

mineral sources and hydropower potentials. lt has been shown that in 

Costa Rica 90 percent of those forests that have been exploited b y the 

forestry sector during the last 30 years have bee n cleared. In the same 

vein, more than half of the defores tation caused by s mall peasants or 

shifting c ultivators in tropical Asia occurs in forests tha t have been 

under commercial Jogging [ EK, 1990, p . 404) . 

Even within the shifting cultivation sector, there are joint producls 

from the exploitation of tropical fores ts. In many cases, tropical foreSl 

areas are c leared by slash-and- burn methods, while some valuable logs 
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are sold on regional markets. This enables the shifting cultivator to 

finance costs of investment. 

The joint use of tropical forest resources by various economic 

sectors incurs major empirical and conceptual problems . Following the 

concept of the FAO, selective logging does not lead to defores tation but 

rather causes degradation, even when the crown cover is reduced to less 

than 50 percent. Consequently, the successive activity, either agri

cultural production, mineral extraction or industries, that leads to a 

clearing of the forest (deforestation, i. e., reduction of c rown cover to 

less than 10 percent ), is identified as the only cause of deforestation. 

Hence, the share of the forest sector in total destructive exploitation of 

the rain forests is underes timated. 

One solution to this problem is the inclusion of forest d egradation 

as one form of destruc tive exploitation. In fact, the contribution of 

forestry in the destruc tive exploitation of the rain forests is much 

higher, if degradation is included. Table 4 reports the sectoral shares 

ta.king into account deforestation plus forest degradation by the forestry 

sector , as they have been estimated by Bruenig ( 1989]. The numbers in 

parentheses show that the contrib ulion of the forestry seclor increa.ses 

from 10 to 25 percent, if degradation is included. 

However, with the inc lusion of forest degradation, lhe forestry 

sector's contribution to rain forest destruction is likely to be over 

estimated. In many cases wood harves ting in tropical forest areas is due 

to selective logging , whic h does n ot lead to an extensive c learing of the 

respec tive area.s . Intensive Jogging lea.ding to defores tation is only 

profitable when either a !arge s hare of standing timber is commer 

cializable or whe n the tropical forest is to be converted to other 

economic uses. In the latter case the deforestation should be attributed 

to the sector using the land after c learing rather than the forestry 

sector. For instance, log harvesting on a.reas whic h are supposed to be 

flooded in the course of a dam construc tion project or converted into 

agric ult ural holding s should be attributed to the h y dropower sector or 

agriculture rather than the forest sector . 

In the same vein, the tropical forest used by other sectors is likely 

to be underestimated. This applies a lso to livestock produc tion. For the 

case of Brazil, it has been reported that a fourth of the land for cattle 

ranc hing has been used by agricultural holdings before. The cattle 
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rsion into agricultural holdings becaUse lh;~ 
h ce this conve ... 

ranchers en an . 1 EK 1990, p. 249). 
th costs of forest clearmg ' 

reduces e f deforestation should be allributed to lh 
Basically, the cause O ose 

. th highest value-added from the exploitalion 
sectors that der1ve e . . . . . of 

However, this d1fferent1at1on, wh1ch is Used . 
tropical forest resources. . tn 

d . t· uish between mam-products and by-prOduct 
economic theory to 15 mg s , 

. p · t there are severe data problems, as far as lh 
is not poss1ble. irs , e 

f these sectors are concerned. Second, the value- added or 
value-added o 

. . . t oducts can be equal. Third, parlicular economic parhcular pm pr 
activities exploiting the tropical rain forest joinlly use the same infra-

so that Costs cannot be allributed to particular economic structure, 

sectors or activities. 
Hence, the determinalion of the main causes of deforestation is not 

possible. In order to avoid an underestimation of the role of the forestry 

sector, it will be attempted to take account of the extent of forest 

degradation caused by selective logging. 

The identification of various economic sectors exploiting tropical 

forest resources will be done in two steps: 

In the first step, the geographical delimitation of tropical forest 

areas has to be determined. 1 This will be done by using vegelalional 

maps for tropical countries. 2 Thereafter, in the second step, economic 

aclivilies are identified by using infrastructure maps and a wide range 

of sources revealing the geographical Jocation of various economic acliv-

1 As far as the forestry sector is concerned, there is no need for using 
map data because for most countries it can be assumed that wood 
production is due to closed tropical forest formalions, while exceptions 
will be taken into account (Chapter III) . Basically, the use of vege· 
tational maps serve to identify mining activities and their relaled 
industries, dams, crop areas and paslures in lropical forest areas . 

2 
If not indicated in lhe text, vegelational maps and infrastructure maps 
have been derived from Bundesanstalt für Bodenforschung or Bundes 
ans talt für Geowissenschaften und Rohstoffe (BGR), Bundesstelle für 
Außenhandels information, Länderberichte (country reporls) of lhc 
Statistisches Bundesamt, Michelin maps for West Africa, Karlographi · 
sches Ins titut Bertelsmann [ 1984) , Garcia and Fa Icon [ 1986), Ins litulo 
Geog_rafico Militar [ 1950). Dut and Geib [ 1987), Djambalan Amsterdam 
Publtshers and Cartographers [ 1964). Deutsch-Südamerikanische Bank 
[ 19~7). lnstitulo Brasileiro de Geografia e Estatistica (IBGE) [ 19591. 
Nat~onal Allas ~nd Thematic Mapping Organization [ 1980), Fund for 
Ass istance to Private Education [ 1975), Voss [ 1982], Rand McNally and 
Con;,pany [ 1969), J . Schmithüsen [ 1976), Institut de Ja Carte Inter· 
nationale du Tapis Vegetal CICITV) [1980), UNESCO/AETFAT [1980) . 
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·t· 1 . 
1 1es, 1. e . , mines, dams, crop areas etc. Depending on the sector, t he 

sel of counlries lhal is subject to analysis might change. This is because 

of the lack of sectoral data in some tropical countries . 

For the purpose of this study only deforestation caused by economic 

activities in lhe seventies imd eighties will be considered. Basically , 

most economic activities in tropicaJ countries must have caused defor

estation, since many tropicaJ countries were almost entirely covered wlth 

lropical forests at the beginning of this century. As the interest of this 

sludy centers on the recent drarnatic increase of deforestalion, defor -

estation by economic activities prior to 1970 will not be analyzed. 

1 Since vegelational maps usually lag behind, es~ially whe~ lhey are 
published by governmenl agencies, the extens1on of ~rop1cal fo:es t 
areas is likely to be overeslimated. For instance, plantahons and mmes 
might be identified in areas where tropical forests had alr~y been 
severely depleted before these economic aclivities were eslabhshed. 
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III. Tro lcal Forests as a Resource 
se!tor and Related lndustrles 

d Export of Troptcal Hardwood 
1. Productlon an 

Base for the Forestry 

t of forest are distinguished: the closed forest 
Customarily two ypes 

1 d lree canopy an d the open forest, which has a c ose • 
. b l ·thou l conslituting a full tree canopy. dommate u wt 

where trees pre

A third category 

wood d 1 d) includes areas with forest regrowth following (olher e an 
. f h ·fting cultivation and shrubland. lt is estimated lhal 1 2 clearmg or s 1 • · 

billion ha of closed forest were in the tropical zone in 1980, 55 percent 

thereof in Latin America, 27 percent in Asia and Oceania and 18 percent 

in Africa [ Lanly, 19821. 

Since in most tropical countries basically a ll of these forests are 

logged, il is difficult to quantify t h e volume of wood produced in c losed 

t ropical forests. The estimates for wood remova)s in t r opical countries 

provided in the PAO Yearbook Forest Products distinguish between coni

ferous wood (softwood) and broadleaved wood (hardwood). These cat

egories are further disaggregated according to the final use, namely 

fuelwood, sawlogs, puipwood and other roundwood (poles etc. ) . These 

estimates do not allow for a separation of wood removals from c losed 

forest, open fores t an d shrubland or from nat ural forest and industrial 

planlation. In a first approximation one can use the figures for broad

leaved logs and other broadleaved roundwood as estimates for wood re

movals from closed forests and those for pulpwood as estimate for wood 
1 removals from industrial p lantations. An assessment of fuelwood or 

charcoal production using roun dwood from closed forest is less accurate. 

The bulk of fuelwood and charcoal consumed by private households is 

removed from open forests and shrubland, whereas only a minor part is 

collected in closed forests, especially in the follow- up of logging a c livi

ties. 1ndustrial consumption of wood for energelic use (for example, in 

min ing areas) is assumed to be removed from industrial p lantations and 

1 Tu· 
ts simplification · · tif' fasl -

g rowing wood t JUS ied on the grounds t h at commonly only 
spec es are USed for the production of wood pulp. 
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lo some extenl from natural c losed forest areas. However, a separation 

a long the final uses is not possible on a g lobal level. 1 

According to the estimations of t he FAO, the world production of 

roundwood ( a total wood removals) reached about 3 . 4 billion cubic meters 

(m
3

) in 1988, of which only 35 percent were produced in tropical coun

tries (Table 5). The major part of this, namely 80 percenl or 955 m.illion 

m
3 

was produced for energelic use, either direc tly as fuelwood or for 

t he production of c harcoal. Only 237 million m3 of the wood removals in 

tropical countrles were used as input for further manufacturing ( .. in

dustrial roundwood), thereof 38 million m3 coniferous wood which is 

mainly produced in Brazil, Mexico, Honduras, lndia and l ndonesia, and 

20 million m3 broadleaved wood for pulp production. Large producers of 

pulpwood are Brazil, Mexico, Colombia, Ecuador a n d Congo. 

T o.b le 5 - Wood Production in Tropical Count ries, 1988 (mil. m3 ) 

Tropical countries 

World 
Total 1 

As i a and l La t i n l Oceania America Africa 

Total removals 3,431 1, 192 633 340 219 

for energetic uae 1,767 955 51 0 251 194 
i ndustrial round-
wood 1 ,664 237 123 89 25 

thereof: 
coniferous wood 1 , 146 38 3 35 0 
non-coniferous 

pulpwood 135 20 3 16 1 
non-coniferous 

woodloga 284 146 1 00 31 15 
other non-
coniferous wood 9 8 32 1 7 6 9 

Tropical hardwood(a) - 178 117 37 24 

(a) Non-coniferous industrial roundwood excluding pul pwood . 

Source: FAO [a, 1988). 

1 
For country estimales of fuelwood and charcoal production , see Table 
Al . 
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,nillion m3 or non-coniferous logs and other non. 
The remalnan& 

1 
· the r II · • • oundwood will be referred to m o owmg a.e trop~I 

coniferous r 
wooc1• (Table 5) . . . 

hardh r ·rst step in wood procesamg, whtch provid • 18 only t .e 1 ea 
Loggtn& t steps. Therefore, the relevance of trop~I 

l for subsequen 
lhe lnpu baSe hU to be judged by their contribution to all 
r ests u a resource 
or . In the following, a deuiiled analysis of pr<>duction 

leveltl of proce&Stn&• 
ed tropical hArdwood, of aawnwood, WOOd - blUIC<J 

and trade of unproceH . . . . 
d Y 

wood producls in troptcal countrsea III performC(J 
panels and secon ar 

t . A separate analyaia of product groupa is neceaaary 
ror the eigh ies. · 

1 rge dlfferences among countrieff in the degrce of l)ecause there are a 
• 1 and In the producl specializatlon. Production of wooo 

domes t1c process ng 

d Paperboard 1a described only brlefly, becauae thc 
pulp, paper an 

f l •- -J hardwood for thes e industrles is negliglble. supply o rop ..... 
M Tablc ~ shows, total produclion of tropical hardwood ls esUmatcd 

u 178 mllllon m3 in 1988, two- thlrd11 of whic h were produced in Asl.a ancJ 

Oceanla, 20 percent J.n LAlln Amerlca and 14 pe r cent in Africa. Table (, 

shows that only a relative s mall s hare of lropical hardwood was exportcd 

wlthout further proce11&ing, namely about 26 milllon m
3 

(or 15 perccnt of 

produ.ctlon). Thls accounted for 21 pe rcent of world lrade in industrial 

roundwood . 

Major exporters of lnduatrlal roundwood In the elghtles worc 

Malaysia and Papua New Guinea, both of whl.c h accounted for 80 perccril 

of world lradc in unproccsaed tropical hardwood; bolh countrico ex 

portcd more lhan 50 percent of lhe lr roundwoocl produclion (Table AZJ . 

lndoneaia had played a major r ole in r oundwood trade untll the beglnnint 

of lhe elghlies, when it covercd 40 per cent of world exports of roui:h 

lropl.cal hardwood, By l hen, the government had begun to foster the de · 

velopmenl of llmber-processlng induslrles absorbing a high s hare of 

domeallc limber productlon . Afrlcan countrles accounted for 14 percenl 

of exporla of troplcal hardwood, whic h corresponds to their share in 

cloecd lropical forcst arca. Major exporlcrs are Gabon, Liberia, 

Cameroon and lvory Coast. T hc exporl s hare was relatively high in 

Gabon 11nd Liberia with 75 and 60 pe r cent o f production, whereas 

Cameroon aod lvory Coast have forced their cxport s hare down ( to zo 
~d 

16 
perccnt) in favour of domestic processing , Lalin America playcd 

virtually no rol , th 
e sn e world lrade of roundwood with tolal exporls as 

Table 6 - Production and Export. of Jndustrlal Roundwood, 1980 and 
1988 

Producti.on Exports !xports/ production 

1980 1 1988 1980 1 1988 1980 1 1988 

ail. 3 • percmt 

Worl d 1450.9 1663 . 7 114.2 123.1 7 . 9 7.4 

Tropical 
countriee(a ) 153 , 8 177. 7 38 . 1 26 . 2 24. 7 14 . 7 

Asiaand 
Oceania(a) 96. 3 116 . 5 32.0 22.4 33. 2 19 . 2 

Latin America(a) 33.6 37 . 1 0.1 0 . 1 0.3 0 . 3 
Africa (a) 23 . 9 24.1 6 . 0 3.7 25,1 15 . 4 

Tropical coun- percent 
triu /vorld 10 . 6 10 . 7 33.4 21.3 

<•> Tropical hardvood only . 

Source; Table A2. 

3 low aa 0 . 08 mllllon m In 1988. Only In Guyana, export• a.ccounted ror-
more lhan 10 percenl of domesHc productlon. 

In absolute numbers , the produc llon and export of tropical hard

wood has been reduced In countr les llk.e the Central African Republic, 

lvory Coast, Bollvla, Peru and the Phlllppines. Thi.a can be allributed to 

the gro wing scarclty of wood in lhese countries . The major producers, 

however, have d ramatically lnc reaaed thelr productlon, including 

Malays ia, lndonesla, Burma, Paraguay and Cameroon. 

Major lmporters in the eighlies are Japan and other East- Aslan 

counlrles (Taiwan, Soulh Korea) , whlc h ab11orbed 119 mlllion m3 (45 per

cent) and 8 . 5 million m
3 

(35 percent) of all unprocessed tropical round

wood exports (Table A5) . European countrles , whic h almost exclusively 

Import the ir troplcal r oundwood from African countries accounted for 

about 10 percenl of world Imports of tropical hardwood. Troplcal coun· 

lries imported 5 percent of tropl.cal roundwood expor ts while a ll of these 

countries with the e:<ception of Thailand were net exporters. 
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Sawnwood (planed or unplaned lwnber) is the most important group 

• 
1 

____ ..., products in lerms of production and lrAde 
of p rimary tropl.C4 wuuu 

· ced h i"gh growth rates in the last decade. This de
which have expenen 
velopment can be atlributed to the promotion of domestic processing, 

especially in IndonesiA, Ivory Coast and Ghana .. Total production_ o~ non; 

jf 
___ _ ..., :n tropical countries is eshmated AS 54. 3 rrulhon m 

COO erOUB saWO'l"fUUU u• 

in 1988, aJmost two-thirds of which were produced in Asia and Oceania, 

25 per cen t in Latin America and 10 percent in Africa (Table 7) . T his is 

to say, that about 60 percent of total tropical hardwood production were 

p rocessed in saw mills located in tropical countries. This lends supporl 

to the hypolhesis that the forestry sector has developed strong forward 

linkages in tropical counlries. About 9. 4 million m
3 

(or 17 percent of 

production) were exported, which accounted for 9 percent of world trAde 

of sawnwood. 

Major exporters in the eighties were Malaysia and lndonesia, the 

Philippines and lvory Coast (Table A3) . These countries exporled more 

than SO percent of their sawnwood production. Malaysia and lndonesia 

Table 7 - Production and Exports of Sawnwood, 1980 and 1988 

Production Exports Exports/production 

1980 
1 

1988 1980 1 1988 1980 
1 

1988 

m.il. 
3 

m percent 

World 415.0 506 . 4 79 . 6 99.6 17 . 7 19 . 7 

Tropical 
countriea(a) 41.6 54. 3 7.0 9.4 16.8 17.3 

Ada and 
Oceania{a) 24 . 4 34. 3 5 . 3 7.8 21.7 22.7 

Latin America{a) 12.5 14 .6 1.1 0 . 8 8.8 5.5 
Africa(a) 4.7 5 . 4 0 . 6 0 . 8 12 . 8 15.2 

Tropical coun- percent 
triea /world 10.0 10.7 8.8 9.4 

(a) Tropical hardwood only . 

Source: Table A3. 

accounted for 75 percent of t he world trade in tropical sawn'WOOd. By 

comparison, Brazil 's sawnwood production is relatively inward orien ted, 

since onJy 5 percenl of produclion was exported. In the same vein, 

lndia, Nigeria, EcuAd.or and Thailand belong to the group of major pro

ducers with a large domestic market and low export shares. 

Major importers in the eighties were the East- Asian countrie8 

(especiAlly Taiwan and South Korea) with 3. 7 million m3 ( 40 percent) in 

total exports of lropical sawnwood (Table A6) . Accor ding to the PAO 

production statistics, Sri Lanka, Bangladesh and even Thailand were net 

importers. Moreover, Singapore p lays a large r ote as an importer, 

though the bulk of tropical wood products is reexported. European coun

t ries absorbed aboul 2. 8 million m3 (30 per cent) of world exports, 

dislributed equally a.mong a ll three tropical regions. Japan added another 

1. 3 million m3 (15 per cent) . Moreover, some Cenlral American states 

(Mexico, Venezuela) have become important importers in this region. 

Another major calegory also belonging to the primary wood prod

ucts , comprises aJI kinds of wood-based panels, which is a very hetero

genous aggregate. lt encompasses veneer sheets, plywood and similar 

boards, as weil as partic leboards and fibreboards. With the exception of 

Brazil, which serves almost exclusively the domestic market, there is 

virtually no produclion of particleboard in tropical countries. This is due 

to high inveslment needs for production facilities AS weil as due to 

climatic condilions in tropical countries whi.ch do in general not allow for 

consumpt ion of particleboard. The same applies to the production of 

fibreboard. In addition, t.here is probably a h igh input s hare of coni

ferous wood and other ligneous fibres (for example, rice straw or 

bagasse) in the production of both particleboard and fibreboard . 

By contrast , t ropical countries accounted for a large s hare of world 

produclion of veneer s heets (31 percenl compared to Europe wilh 40 per

cent) and of plywood (21 percenl compared to North America with 40 

percenl) in 1988, as Table A7 shows. The total produc tion of wood- based 

panels in lropical counlries , whic h amounled lo 15 million m
3 

in 1988 

against 8 million m3 in 1980, had dramatically increased in the last 

decade . This was lhe resuJl of huge inveslmenls in p lywood mills, 

especially in lndonesia, bul also in Malaysia and Ivory Coast. African 

countries are more spec ialized on veneer sheets, whereas Asian oountries 

are a lmost exclusively producing plywood and similar boards. Neverthe-
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Table 8 - Producllon and Exports of Wood-based Panels, 1980 and 1988 

Production Exports Exports/production 

1980 
1 

1988 1980 1 1988 1980 1 
1988 

mil. 
3 m percent 

Worl d lOl,l 125 . 9 16,3 25 ,5 16,l 20 . 2 

Tropical 
8 .9 27,4 60.0 countries 7,8 15.0 2,l 

Asia and 
Oceani a 3. 3 9.4 l .3 7.9 39.6 84.3 

Latin America 3. 7 4.7 0.6 0.8 14.8 16 . 7 
Afr i ca 0.8 l.O 0 .3 0.2 32.7 24 . 6 

Tropical coun- percent 

tries/world 7.7 ll.9 13.l 34 .9 

Source: Table A4. 

less, Malaysia is the largest exporter of unprocessed tropical veneer 

sheets, followed by Congo an d Paraguay. 

Following Table 8 , about 9 million m3 of wood-based panels or 60 

percent of domestic production were exported in 1988. This accounted 
1 

for 35 percent of world trade. As Table A4 shows, Indonesia has 

become a major exporler, which has reached an export share of 95 per

cent in production . Moreover, Malaysia and the Philippines are major 

exporters. With the exception of Congo which recorded an export s h are 

of 62 percent in 1988, African countries exported only a minor share of 

their production. Brazil, as another major exporter, produces mainly 

fibreboard and plywood for international markets. 

Major importers of wood- based panels Cincluding exports from 

non-tropical East - Asian countries) in the 1980's were Japan and other 
3 Asian countries accounting for 2. 4 mlll ion m (25 percent) and 2. 9 

million m
3 

(30 percent) of tropical exports (Table A7) . This group of 

1 
Non-tropical East-Asian countries a r e producing panels almost ex
clusively from tropical hardwood. Their expor ts account for 1. 9 million 

m3 (or 7 percent of world trade) . 
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importers absorbed mor e t han ha lf of the production of Asian t ropical 

coun tries. Europe and North Amer ica ( 1. 9 and 1. 5 mill ion m 3 or 20 and 

15 percent of tropical exports) received their imports from any of the 

three regions. Some of the tropical countries were net imporlers of 

wood-based panel.s , especially Mexico, Venezuela and Nigeria. 

To some extent, wood- based panels are produced in non-tropical 

countries, while the necessary inpuls of roundwood are imporled from 

tropical countries. For example, this applies to plywood produced in 

Taiwan and South Korea. Hence, import figures of industrialized coun

t ries should be corrected upwards for these "indirect impor ts• of 

p rocessed tropical hardwood. 

Apart from these primary wood products, there is a number of 

secondary products, for example, pallels, boxes, carpen try, furniture 

and other joinery, that are not included in the FAO statistics. Data on 

production and consumption cannot be provided on a g lobal level. How

ever, tropical countries seem to play a minor rote in terms of their s h are 

in world trade in this product category. According to international trade 

statislics [ UN, 1990b), in 1988 t ropical countries came up for about 5 

percent of the value of world exports of secondary wood products. 

These exports are mainly due to Mexico, Brazil and some Asian countries 

which have become exporters of furniture and parts thereof as well as of 

some other wood products . In 1988, more than SO percent is imported by 

the USA, another 25 percent by European countries. 

Furthermore, woodpulp accounted for about 20 percent of the global 

roundwood consumption in the eighties . Woodpulp is used as an input in 

t he production of paper and paperboard and of par ticleboard. Only a few 

tropical countries, for example, Brazil , Mexico, India and the 

Philippines, recorded a sizeable production of woodpulp. However, the 

bulk of the fibre material does not stem from natural forests but from 

timber plantations, while a minor share is wood waste from saw mitls. 
1 

Summing up, tropical countries are still large producers and ex

porters of wood in the rough and have become major suppliers of sawn-

1 ln addition, domestic production of paper and paperboard in lropi~l 
countries rel!es on other fibre pulp (for example, from bagasse or r1ce 
straw) and, with the exception of Brazil and t h e Philippines, on ~ 
pulp Imports . Only few of these countries are able to meet lhell" 
domestic demand. 
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wood and plywood. Because of the development of wood processing, the 

t h of exports in roundwood production was declining, percen age s are 
• t h r rocessed producls revealed a dramatlc lncrease. wh1le expor s ares or P 

Thus, tropical hardwood seems to be a resource basis for industrial-

ization of tropical countries. 

2. Consumptlon of Troplcal Hardwood In Troplcal and In lndustrlallzed 

Countrles 

Following Table 9, the total produc tion of tropical hardwood amounted lo 
0

177. 7 million m3 in 1988. Thereof, about 32 million m3 was used as poles, 

as pitprops or for other construction purposes in tropical countries, 

whereas about 145 million m3 was produced in the form of sawlogs and 

veneer logs for further processing. After deduction of log exports to 

non-tropical countries, 121 million m3 remained for lhe manufacturing of 

sawnwood and wood-based panels . 1 Thereof 46 million m3 of sawnwood 

and 6. 4 million m3 of panels were consumed in tropical countries, a part 

of which was probably used as input for secondary wood products. An 

' estimated 55-60 million m3 of wood wasle from saw mills and panel pro

duclion were consumed domestically, probably for energetic use, either 

in households or in manufacturing. 

This leads to the conclusion, that in lhe eighlies roughly two-lhirds 

of the total tropical hardwood produclion were consumed in tropical 

countries, whereas one-third was exporled to non-tropical countries. 2 

The share of domestic consumption was significantly lower in tropical 

Asia, but exceeds 95 percent in Latin America (Tables A5-A7) . 

Exports to non-tropical countries amounted to 24. 7 million m3 

roundwood, 8. 4 million m
3 

sawnwood, 8. 5 million m3 wood- based panels 

and an unknown quanlity of secondary wood products. The major share 

of these exports was consumed in Japan and other Asian countries. 

1 
;he producti~n of particleboard and fibreboard may receive additional 
mputs of comferous wood or olher fibre material. 

2 ~ stated in the first section of lhis chapter, these estimates do not 
mclude wood p_roduc~ion for energetic use and for the production of 
woodpul':'. An mclus1on of these quantities would result in a signifi
canlly h1gher share of domestic consumption. 
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Table 9 - Production and ConsumpUon of Tropical Hardwood in Tropical 

Countries, 1988 (mil. m3 ) 

Induatrial roundwood(b) 
thereof, 
poles etc. 
logs 

Sawnwood(b) 

Veneer ■heets 

Plywood 

Particleboard 

Pibreboard 

Total induatrial 
roundwood and wood 
products (roundwood 
equivalents) 

Production I Exports l Imports I Apparent cOG
auaption(a) 

177. 7 26,2 l.5 153.0 

32.1 0 0 32.1 
145,6 26.2 1,5 120,9 

54,3 9.4 l.O 45. 9 

l.6 0.6 0.0 1.1 

10.6 8.0 0.2 2.8 

l.6 0.1 0 . 1 l.6 

l.l 0.2 0.1 0.9 

65(C) 5(C) ll8(d) 

(a) Calculated as production plua imports minus exports. - (b) Tropical 
hardwood only. - (c) Own estimations based on the Standard General Con-

3 
version Pactora of the UN-ECE. Por example , one m broadleaved sawmrood 

accordingly is equivalent to 1.82 m3 roundwood. - (d) Calculated ae 
domestic roundwood production minus net exports of roundwood and vood 
wood products (in roundwood equivalents). 

Source: FAO [a, 1988). 

European countries consumed roughly 10 percent of roundwood exports 

and 25 percent of exports of wood products from t ropical countries 

(Tables A5- A7) . In the following, a more detailed analysis of the 

structure of wood imports and wood consurnption of the EC is performed 

for the year 1988. 

According to production estimates of FAO and official trade data for 

the EC, the share of tropical hardwood in total consurnption of wood and 

wood produc ts in the EC was below 10 percent in 1988 (Table 10) . Wood 

consumplion is traditionally dominated by coniferous wood species, so 

that tropical hardwood accounted for only 3 percent of roundwood and 6 
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Table 10 - Producllon and Consurnption of Wood and Wood Producls in 

lhe European Communily, 1988 (mit. m
3

) 

Production Exports 

Imports (a) 

total 

Apparent con
tbereof : sumption(b) 
tropical 
bardwood 

lndustrial round
wood 106 . 7 15.6 18.l 3.5 109 . 2 

tbereof : 
pulpwood 
conifer ous logs 
non-coniferou1 

logs 
other 

42 . 9 
42 . 0 

17 . 2 
4 . 6 

10. 1 
2. 1 

3.0 
0.4 

8. 7 - 41.5 
2.1 - 42 . 0 

6.7 3. 5 21.0 
0. 6 - 4 .8 

Sawnwood 
tbereof: 
non-coniferou1 

32.4 

9.2 

1.2 

1. 7 

5.1 31. 7 3.3 59.0 

Veneer Sheets 

Plyvood 

Particleboard 

Fibreboard 

Total i ndustrial 
roundwood and wood 
products (round
wood equivalents) 

16.3 

1.7 

2. 0 6 . 4 

0.3 0.7 

0.8 3.9 

3.7 5.6 

0.6 1.4 

32(C) 92(c) 

3.3 13.6 

0.2 1.6 

1 .2 4.8 

- 18 . 2 

0.1 2.5 

13(C) 167(d) 

(a) Calculated as production plus imports minus exports. - (b) Weight 
(fr0111 EUROSTAT) converted to volume with UN-ECE conversion factors. -
(c) Own estimations based on the Standard General Conversion Factors of 

the UN-ECE. For example , one m3 broadleaved sawnwood accordingly is 

equivalent to 1.82 m
3 

roundwood . - (d) 
roundvood production minus net exports of 
(in roundwood equivalents). 

Calculated as domestic and 
roundwood and wood products 

Source: FAO [a, 1988); Statislical Office of the European Communities 
(EUROSTAT) [ 1990). 

per cent of sawnwood consurnption in the EC. Particleboard was by far 

the lar gest component of the consumption of wood based panels (about 
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two-thirds) since the seventies, when this product had been introduced. 

However, within the subcategories veneer s heets and plywood, tropical 

hardwood accounled for 10 and 24 percent of the consumption reapec

tively. In absolute numbers, tropical hardwood wu to a large extent 

imported in the rough or as sawnwood. 

The low share of tropical hardwood in world consumption and in EC 

consumption of wood lends support to the hypothesis that tropical timber 

plays a very limited rote on world markets . However, the underlying 

assumplion is that tropical and non- tropical wood are homogenous pro

ducts in the sense that the former can be replaced by the latter. This 

leads to considerations about the interchangeability of tropical hardwood 

and other wood species in consumplion. The c haracteristics of tropical 

hardwood (hardness, moisture resistance and in some cases appealing 

surface structure) are not unique, so that other than tropical wood, 

even coniferous species, reconstituted wood products or meta! and plastic 

products can be used instead. 

In the following, the EC consumplion structure of lhree products -

logwood, sawnwood and plywood - will be analyzed for the period 1970-

1988 with respect to the hypothesis that timber from temperate regions 

has been regarded as a substitute for tropical timber. In general, one 

should expect a change in the consumption structure in favour of 

tropical wood, if the price relation of boreal wood to tropical wood 
' 1 r1Ses . 

Concerning the structure of logwood consumption, an analysis of 

the price relations between non- coniferous logs from Africa and non

coniferous logs from West Europe shows that prices for tropical logs have 

In the long run risen faster than prices for European logs. Though, the 

share of tropical logs was rather stable at 23-25 percent of EC non

coniferous log consumption or 10- 11 percent of total EC log consumption 

unlil 1980. 2 This gives an argument for the hypolhesis lhat consumption 

1 Prices for the respective product categories have been derived from 

export unit values (i. e., average value of one m3 of exporled wood ) 
for all wood exporting countries (Table Al2) . Data an the consumption 
slructure are provided by a recent study of UN-ECE and FAO an the 
sawnwood and sawlogs sector (Table AlJ) . 

2 At this time, consumption of tropical logs was reduced significantly, in 
absolute as weil as in relative terms . This can be attributed to supply 
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t t t Price changes in the short run. This is of tropical logs does no reac o 
to say that logs from alternative suppliers are not regarded as sub-

slitutes. 
The opposite holds true for the European sawnwood market. The 

price relation between non-coniferous sawnwood from South East Asia and 

non- coniferous sawnwood from West Europe was rather stable over the 

whole period. 1 The share of tropical sawnwood in consumption had in

creased signüicanlly in the mid- sevenlies and thereafler remained stable 

around 5 percent of total EC consumption of sawnwood. In absolute 

terms, consumption of tropical sawnwood had almost doubled in the mid

seventies, whereas consumplion of other non-coniferous sawnwood 

declined since 1980 and consumption of conüerous sawnwood remained 

fairly stable in the long run. This could be an indicator for a high 

reagibility of sawnwood consumers to changes in price relations and a 

strong compelilion between the three market segments . This competition 

had become fierce when new suppliers from tropical countries entered the 

European sawnwood market in 1980. 

Concerning the structure of plywood consumption, probably a simi

lar argument applies . As for sawnwood, the price r e lation between East 

Asian and West European plywood remained fairly slable since the mid

sevenlies. In addilion, the price relalion between West European and 

North American plywood remained stable in the same period with the ex

ception of the beginning of the eighties {this is probably due to ex

change rate movements of the US dollar) . This is an indicator for s treng 

competilion between the major suppliers and for a high degree of product 

homogeneity. 

This preliminary evidence seems to suggest that substitulabillty 

between tropical hardwood and boreal wood is fairly high, except in the 

case of veneer. This lends support to the hypothesis lhal tropical hard

wood plays a minor role in world Umber markels, as its share in world 

consumption is relatively low. 

■hortages caused by the shifling from log e.xporls to veneer exports in 
tropical countrie■. 

1 
This hold• true for the entire period except for 1979, when prioes of 
non- coniferous sawnwood from West Europe in terms of prices for Asian 
■awnwood had declined sharply. 

3. The Role of Wood Harvestlng and Processlng for Economlc 

Development In Troplcal Countrles 
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In this section, the role of tropical wood resources for the economic de

velopment of tropical countries will be assessed in terms of the forestry 

sector's and the wood industry's contribution to GDP, export perfor 

mance and employment. 

Basically, the forestry sector comprises both Jogging activilies, 

i. e . , the removal of wood and the selling of wood in a rough form, the 

collection of non- wood forest products, i. e., crops like nuts, fruit , 

natural rubber elc., and hunting . Usually, employment data for the 

forestry sector do not separate wood harvesting from other activities. 1 

Moreover , the forestry sector is usually not separated from the agricul

tural sector in FAQ statistics and in national statistical sources of most 

of the developing countries. Therefore, a reliable analysis of employment 

effect and income generation due to the tropical forestry sector cannot 

be provided, especially because people in tropical forest areas engage in 

a variety of economic activities that cannot be attributed to one sector 

{see also Section IV. 2) . Table 15 in Section IV. 1 s hows, to what extent 

the combined agriculture and forestry sector contributes to GDP and 

employment. 

The share of Umber exports in total expert r evenues indicates, to 

what extent the forestry sector contributes to the expert performance 

and thus to the impor t capacity of tropical countries. 2 As Table A9 

shows, there are only some small and less industrialized countries, where 

the expert shares of tropical hardwood in total exports exceeded 15 per

cent in the eighlles, namely Burma, Laos , Equatorial Guinea and Liberia. 

Some other countries had recorded high export shares in the past, for 

example, French Guiana, Centrai Afrlcan Repubiic, lvory Coast and 

lndonesia. However, these countries have expanded their domestic pro

cessing facilities, so thal raw material exports could be reduced. The 

group of major exporters of tropical roundwood ranged in the 5- 10 per

cent interval. All Latin American countries and the r emaining countries 

1 In addilion, crops from natural forest areas cannol easily be dis 
linguished from p lantalion crops. 

2 Official figures are probably underestimating expert revenues due to 
smuggling (for example , in Paraguay and Burma) . 
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, · included earned less lhan 5 percenl 
Africa and Asia, the Phihppmes • 

in dwood exporls. Nevertheless , the 
of total export revenues from roun 

t i may play an important r o te for employ-
forestry sector in these coun r es . 

, r Inputs for the domeshc manufactur -
ment and income, because it supp ies 

ing sector . 
Seetor comprises all activities of primary 

The wood manu/acturing 
and secondary wood processing and the production of wood pul~ and 

boa d As mentioned above, the latter 1S n ot 
products of paper and paper r · . 
relevant for the following analysis. National statistical sources, espec1ally 

census results for a !arge number of tropical countries, give a more 

r e levance of wood r esources for e mploy

problem concerning the analysis of this 

data is that sample results do not cover small-scale firms and activities 

in the informal sector . This leads to an underes timation of the s ignifi 

cance of labour-intensive, traditional sectors such as handicrafls and 

comprehensive ins ight into the 

ment and income. The typical 

construction. 

As Tables Al0 and 

h 
1 . 

value-added s ares in 

All show, an analysis of e mployment shares and 

manufacturing allows for a grouping into three 

group encompM"es Cameroon, Ghana, Ivory country groups: lhe first 

Coast, Malaysia and Papua New Guinea, where the wood industries ex

hibited about 20 percent of total employment and about 10 percent of lhe 

value- added of the entire manufacturing sector around 1980. Madagascar. 

Colombia, Cuba, Peru, Sri Lanka and Thailand form the second group, 

where the employment share was around 5 percent and the value-added 

share around 3 percenl. Most of th.e other countries range in between : 

the data for Nigeria, Brazil, Ecuador, Mexico, lndonesia and the Philip

pines show employment shares around 10 pe r cent a nd value- added shares 

around 5 percent of total manufacturing. Since all the census r esults 

date around 1980, an outlook to the second half of the eighties could be 

of some interest. As mentioned above, some count ries have e nforced 

lheir wood processing activities, for example, Indonesia, Ecuador, 

Brazil , Cameroon and lvory Coast. Thus, it seems very like ly that em

ployment has increased in these countries. By contrast, some countries 

1 
Basically, the census results reported in Tables Al0 and All point to 
the fact that the wood processing sector is a highly labour - intensive 
industry. For this reason, the value-added p e r employee ranges 
around 50 percent of the average value for the manufacturing sector. 

were forced to reduce their wood processing activities because of 

increas ing wood scarc ity, for example, Thailand, the Philippines, 

Colombia, Bolivia. In these countries the significance of wood manufac

turing obviously has been reduced, compared to 1980. 

If bolh export revenues from wood and wood produc ts are related 

to total export earnings, little changes in the above introduced ranking, 

as it can be obtained from Table A9. Only Indonesia cho.nges position 

and reac hed aboul 15 percent of ils exporl earnings in 1988 from the 

wood sector, 10 percent of which are due lo plywood. There are only a 

few counlries in which exports of wood and wood products exceeded 20 

percent in 1988, namely Equalorial Guinea, Liberia and Burma. However . 

there are a number of countries where these produc t categories con

tributed more lhan 10 percent to total export earnings. 

The empirical evidence given above seems to suggest that the 

forestry sector and wood processing industries provided a significant 

input to national development in t erms of employment and exports in 

some South- East Asian and African countries . However, for a number of 

countries this is not likely to be a long- run phenomenon. The forestry 

sector in tropiCAl countries used the forests as a non- r e newable re 

source, thus causing the d e pletion of lropical forests. He n ce, except for 

counlries with relatively !arge forest areas, for example, Brazil , 

Jndonesia, Zaire, the Guyanas, this resource will have only a temporary 

Impac t on economic development given the current speed of depletion. 

4. Contrlbutton of Forestry to the Destructlon of the Rain Forest 
Ecosystem 

In most cases, the depletion of wood resources in tropical forest areas 

does not lead to d efor estation in the FAO terminology, since the wood is 

predo minantly harvested in the form of selective logg ing [ Buschbac her. 

1990) , thereby leaving a t least 10 percenl of the c rown cover behind. 

However, the forest d egradation caused by selec tive Joggers incurs seri

ous environmenlal damages, thal are also r e flected in economic costs for 

the country. First, a seriously degraded forest loses its regenerative 

capacity, so that in the fulure harvesling of wood and other fores t 

products is not possible. Second, conversion of closed foresls to more 
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1 f t f rmations enhances soll eroslon and reduces both the or ess open ores o 
genetlc diversity and the capaclly to absorb carbon I EK, l990, PP· 293-

2] H • ntal damages cannot be simply attributed to 296, 51 . ence, envl!'onme 
deforestation but a lso to degradalion. Third, the forestry sector under

takes investments in a network of roads and paths, thus opening up t he 

fores t for other economic activilies , especla lly small-scale farming, 

shlfting c ultivations and mineral exploitalion. 

The interrelation of different types of forest formalions and stages 

of human interference is lllustrated in Figure 1, which is based on the 

FAO c lASsification. Deforestation takes place either in primary fores ts or 

in previously degraded secondary forests . Following the FAO data given 

in Tables 2 and 11, deforestalion rates in secondary forests are substan

tially h igher than in primary forests . T he s hares of shifting cultivalion 

and permanent deforeslation for agricullure and pasture are given as 

rough estimates, but wlthout disaggregating for the subcategories un

disturbed and degraded forests. By comparing the area estimates for 

degradation of primary and deforeslalion of secondary forests it becomes 

evident, lhat almosl any newly degraded area sooner or later hAS been 

deforested completely. Alternative ly, the process of fores t degradation 

through repeated limber harvesling or too short fallow periods in the 

shifling cullivalion cycle may have led to "savannizalion", i. e . , predomi

nance of open forest and grassland formations due to losses in soil 

quality and dlsturbed forest regeneralion potential. Natural regeneralion 

of foresl fa llows, that left the c losed cycle of shifting cultivalion, or 

artificial reforeslalion may have compensaled parl of lhe losses of 

secondary c losed foresls, bul on a g lobal level lhis has been negligible 

in quantitative terms . 

Allhough it is conceded I Lanly, 1982, p . 88], that inte nsive logging 

activilies espeoially in Ivory Coast , Centr a l America or Insular South

Easl Asia came close t o deforeslalion, no percentage shares re la ting to 

the role of fores try in deforestallon have been provided by the FAO/ 

UNEP project. But the rates of degradation of previous ly undisturbed 

forest, which have been eslimated instead, may serve as a basis for own 

calculations. For lhe presenl reporl lhese eslimalions have been re

calcula led for 1980 and 1988 by dividing lhe volume of tropical hardwood 

production (Table A2) by country specific per h ectare volumes of com

mercializable lree species in undislurbed forests (VAC), given by the 
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Pigure 1 - Deforestation and Forest Degradation in Tropical Countries 
(mil . ha) (a) 

Primary (or 

Deforestation of 
c l osed forest (6.8) 

undisturbed)i-. ______________ ___.Permanently 
forest deforested 

.__ ....... ___ Degradation of 
primary forest (4.3) 

Secondary (or 
degraded) ---~Forest .., ____ ---l 

forest fallow 

'Closed c cle " 

Reforestation (0 . 2) 

•savannization''------.J 

area 

(3. 8 ) 
(3.0) 

Open forest 
and shrub 
formation 

(a) Figures refer to closed broadleaved fores t in 39 countries; see Table 
11. - (b) These figures result, if unproductive forest is completely 
regarded as undisturbed . Porest formations are classified as unproduc
tive, if industrial ti.mber harvesting is not possible due to difficult 
terrain conditions, low quality of wood or legal status of a reservation. 

Source: FAO/UNEP 11981); Lanly ( 1982]. 

FAO. The resulling area gives an indicalion of the size of tropical forest 

areas that were under produclion in the respective year. As Table 11 

shows, our estimalions of degradalion in virgin broadleaved foresls are 

on average twice AS )arge as the eslimations given by lhe FAO. There 

are malnly lhree poss ible explanalions for lha l. First, in some countries, 

1. e., Brazil, Nigeria and lndia, a sizeable s hare of p r oduclion WAS 
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d F t De radation in Yirgin Forests in Table 11 - Deforestation an ores g 
Tropical Countries, 1980-1988 (1000 ha) 

Deforeetation of cloHd Degradation of virgin Kodification(a) 

broadleaved foruu broadleaved fore■ u of virgin fore■t, 

thareof, o,m eetimation, 

FAO 
bued on in- FAO PAO unpro- duetrial round-•irgin ductive vood removale forut foreat 

1981-1985 average 1980 1 1988 1981-1985 average 

Caurooo(bl 80 3 2 197 366 448 200 

Central African 
26 22 llepublic 5 l - 21 35 

Coogo 22 2 0 37 96 120 39 

Cabon 15 0 . 135 135 122 135 

Equatorial Cuinea 3 0 0 8 l 6 8 
Ivory Cout(b) 290 0 0 40 215 155 40 
Cuinea 36 15 6 5 80 91 20 
Liberia 46 0 2 60 107 144 60 
Kadaga1car 150 35 5 20 34 34 55 
Nigeria ( b, c) 300 0 20 52 210 225 52 
Zaire 180 155 0 33 145 181 188 
Bolivia(b) 87 25 12 77 36 12 102 
Bradl( c ,d) 1360 - 330 1330 4080 4770 1330 
Colombia 820 605 120 81 128 121 686 
Coota llic a(b) 65 16 l7 30 51 46 46 
Ecuador 340 163 95 81 135 180 244 
Frencb Cuiana l l 0 11 27 27 12 
Cuat-la(b) 72 18 27 15 16 11 33 
Cuyana 3 0 l 10 10 10 10 
Honduru(b) 48 9 13 4 3 4 13 
Hexico 470 215 225 31 28 36 246 
Nicaragua 105 60 . 40 54 54 100 
Panama 36 13 9 8 11 11 21 
Paraguay(b) 190 0 20 58 241 311 58 
Peru 260 40 155 156 168 92 196 
Suriname 3 l l 18 22 12 19 
Vanuuela(b) 125 30 50 10 58 67 40 
Brunai 5 5 0 l 2 3 6 
Burma 102 62 . 174 197 266 236 
India(c) 132 10 12 . 469 583 10 
Indonuia ( c, d) 600 0 0 eeo 1107 1442 880 
ltaapucbea 25 20 2 . 21 28 20 
Lao• 100 60 15 25 19 26 85 
Halayoia 255 35 20 375 412 518 410 
Papua New Guinea 22 12 8 47 44 81 59 
Philippinu(b) 90 0 0 80 91 62 80 
Sri Lanka(b) 58 . 15 . 11 11 . 
Thailand 244 107 57 100 189 193 207 
Vietnam(b) 60 20 20 46 95 104 66 

Africa 1128 211 35 608 1424 1532 819 
Lat in America 3985 1195 1075 1960 5068 5764 3156 
A1ia and Oceania 1693 '31 137 1728 2665 3'17 2059 

Total 6805 1758 1245 4296 9155 10613 6034 

(a) Dearadation pl111 deforoetation .• ( b) Larae ebare of exploited foreou. • (cl Lars• 
ueao of ind111triol hardvood phntatione , • (d) Deforeetation figureo of virain foruu imphuoible, 

Source: PAOlUNEP ( 1981). 
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harvested in forest plantations. These plantations are artificially 

reforested areas, which are not inc luded in the area estimations of closed 

forest (for example, Table 1). Thus, plantation timber should be 

subtracted from total tropical hardwood. lt is not possible, however, to 

separate wood harvested on plantations from wood removed from virgin 

forests . Second, the per hectare volumes calculated by the FAO refer to 

the average productivity of all forest areas including those which have 

not yet entered production because per hectare volumes are lower than 

those in forests under production I Andrae, 1984) . Since logging gradu

ally expands into forests with lower per hectare volumes, our estimations 

of degradation are too high only for the past. Third, the FAO has un

derestimated deforestation and forest degradation, since data have been 

derived lhrough the extrapolation of data from the late seventies. Hence, 

the increase of timber harvesting in the 1980s, which must have caused 

substantial d egradation , is probably not reflected in the FAO data. 

Nevertheless, our estimation of forest degradation should be inler 

preted as maximum rates, while the FAO data reflect probably the 

minimum degradation of lropical forests. However, both our estimation 

and the F AO estimation show that degradation was substantial compared 

to annual average deforestation. Following our estimations, the annual 

degradation has increased during the eighties. However, in some coun

tries, for example , Gabon, Ivory Coast, Colombia, Cosla Rica, Peru and 

the Philippines, degradalion has decreased which can be attributed 

mainly to the recession of logging activities. 

As mentioned above, there are several reasons to consider degra · 

dation as a contribution to the destruc tion of lhe rain forest ecosystem . 

Hence, it can be juslified that a quantitative analysis of the secloral 

share in destruction should inc lude both deforeslation and degradalion. 

Basically, lhere are two ways to combine deforestation and degradation 

in one composite indicator. 

The first method is based on lhe assumption that lhe ecological and 

economic damages caused by logging and other economic activities can be 

measured in lerms of the reduction of biomass. Following EK ( 1990], it 

can be assumed lhat selective logging withdraws on average 28 pe r cent 

of the biomass from ulilized areas. Accordingly, the area of forest 

degradation enters lhe calculation of sectoral shares in deforestation with 

a weight factor of 0. 28, while direct deforestation of virgin forests gets 
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Table 12 _ Total and Convnercializable Per Heclare Volumes of Tropical 
Hardwood in Ctosed Poresls, Average 1975/80 

VOB(a) VAC(b) 

D8gr•• of lllll(d) 1Ml(d ) 
,rirgin exploited 

uapro- virgin degradation 
ductive for8at t brougb 

fonat for eat foreat logging(c) 

a 3/ba percent 

C&aeroon 110 270 100 6 0 . 05 10.0 98.5 

Central African 0.10 29.9 95.5 
llapublic 320 290 50 15 

Congo 345(e) 2.2.3(a) 100(•) 8(e) 0.05 10.4 96. 1 

Gabon 250 220 200 10 0.10 45 . 0 100 .0 

Zquatorial Gu inea 220(e) 170(8) 193 (8) 25 0 .25 44.0 100.0 

lvory Coaat 270 230 200 25 0.20 2 . 9 100.0 

Guinea 180 165 90 7 0 . 10 1.2 25.0 

Liberia 170 155 125 8 0.10 12.0 100.0 

Kadagaacar 147(8) 100(8) 106 24(8) o.,, 5 . 4 36.4 

Nigeria 205 160 120 35 0 . 35 7.2 100. 0 

Zaire 250 220 130 15 0 . 15 2.2 17.6 

Bolivia 129(8) 64(•) 52(e) 12(8) 0.20 20.8 75.5 

Bradl 156(8) 162(e) 83(•) 5(8) 0 . 10 6 . 4 100.0 

Coloabia 129(•) 90(e) 64(8) 19(e) 0 . 30 3 . 2 11.8 

Coata Uca 175 125 50 25 0 . 30 16.4 65.2 

Ecuador 124(8) 82(8) 67(8) 15(e) 0 . 25 6.8 33.2 

Pr8ncb Ouiana 290 270 200 7 0 .05 35.5 95 . 6 

Ouat-la 140 120 75 10 0.15 3.7 45.5 

Guyana 210 170 100 20 0.20 50.6 100.0 

Honduraa 140 120 80 10 0.15 1.4 30.8 

Heitico 85(e ) 65(e) 46(e) lS(e) 0.30 2.6 12 . 6 
Nic aragua 135 115 70 10 0 . 15 5.7 40 . 0 
Panama 180 130 80 30 0.,., 9.0 38.1 

Paraguay II0(e) 60(•> 35(e) 10 0.25 9.6 100 . 0 
Peru 195(8 ) 144(•) 124(8) 12(8) 0.1-5 9 . 3 79 . 6 
Surin&M 210 180 100 15 0 . 15 56.0 97.3 
Vene1'uela 154 U4(e) 110 11 0 . 15 1.5 25.0 
Bruad 301(e) 146(•> 117(•> 75 0 . 50 9.1 16 . 7 
lluraa 180(a) 133(•> 90 1-'<•> 0.20 24 .1 73. 7 
Indoneaia 265(•) 101(8) 176(e) 27(•) 0 . 20 44.0 100 . 0 
ICalllpuchea :uo 200 70 20 0 . 20 16 . 8 58.3 
Lao , 220 . 100 12 0.10 3 . 0 29. 4 
Kalayai• 291(•) 178(8) 140(e) 69(e) 0 . 50 51.6 91.5 
Papua Nev Ou1noa uo 70 130 30 0.50 50.7 79 .7 
Ph1UppinH 305 165 8l(e) 90 0.60 49 . 2 100.0 
Sri Lanka 200 60 2.0 60 0 . 60 30 . 8 100.0 
Thailand 80 . 80 25 0 . 60 25 . 6 u . , 
Viet nam 220 170 120 30 0 . 30 21.3 69.7 

Africa 260(8) 2.U(a) 124(8) l4(e) 0 .10 6 . 5 74.2 
Laün America 158(•) 121(•> 84(e) 9(•) 0.10 6 . 8 62 . l 
Ada and Oc un1a U7(a) l U(e) 132.(a) '1(a) 0 . 30 31.9 83 . 9 

Total 185(a) 1'3(8) 106(a) 13(8) 0 . 15 10. 4 71.2 

(a) Standing voa (total). - (b) VAC of actually c.-rcialiaabl e tiJlber . - (c) Cal· 
culated • • 2 x VAC (virgin)/VOB (virain). - (d) Por tbe dafinition, eee taitt p. 43. 
• <•> Vai ghted avar •a• of r e gional valua, . 

Source: PAO/UNEP ( 1981 ) ; own calc u lations. 
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a fact or of 1. 0, since 100 per cen t of t h e biomass is withdrawn at once. 

Moreover, defor estation of previously exploited fores ts gets a weight 

below 1 . Por the present report the respective weight factor s have been 

calculated on country level, based on lhe estimated per hectare volumes 

from PAO/UNEP 11981] (Table 12) . Some forests are logged over several 

times, leading to repeated degradalion (Pigure 1). Thus, the factor must 

refer to the maximum possible reduction of biomass through logging. In 

addition , clearing for forest paths, damage of remaining trees and 

wastage of Jogged timber has been take n into account by doubling the 

respective VAC figure. This measure will be referred lo as the indicator 

of biomass reduction (BRI). 

The second method is based on the assumption, that even a partial 

degradation of a given area should be valued lilce a total deforestation ; 

this ls the same as using a factor of 1 . 0 for degradation in the first 

method. A reason for this extreme assumption may be seen in the 

hypothesis, that the ecological quality of tropical forests is seriously 

affected even by selective logging a lthough the natural recrealion 

potential is not completely destroyed. Purlhermore, it is assumed thal a ll 

further degradation or deforestation can be lraced back to the initial 

logging activities which provided t h e necessary infrastructure for 

further economic aclivities . In order lo avoid double counling of 

repeatedly degraded areas as weil as deforestalion on previously 

degrade d areas, only deforestation and degradation of primary forests, 

proxied by "undlsturbed forests•, will be considered. The res ulling 

measure will be referred lo as lhe forest modification in dicator (PMI) . 

Using the PAO degradation data in Table 11, a calculation of BRI 

and PMI measures yields the following results (Table 12) : According to 

lhe BRI, logging activilies come up for about 10 percent of the g lobal 

deforestation of tropical foresls. The respec tive shares o n country level 

vary largely, r eaching aboul SO percenl for the whole of insular Soulh

Easl Asia, Gabon, Equalorial Guinea a nd lhe Guyanas. BRI is below 10 

percent for almost any olher Latin American country (excepl Bolivia and 

Costa Rica) and for many African countries , even for the lvory Coast. 

The calculation of lhe PMI measu re leads to the result that logging 

activities are causing about 70 percenl of lhe g lobal "moclification• 

1 Lanly, 1982, p . 61] of previously undisturbed forests. Por insular 

South- East Asla, the Guyanas and for most of t h e African countr ies 
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(with the major exception of Zaire), FMI ranges above 90 percent. T h is 

is to say, thal virlually any deforested area in lhese counlries has 

previously been degraded by logging aclivilles . lt has lo be noled, how

ever, that the degree of degradation through logging, i. e., the potential 

s hare of trees felled, differs across lhese countries (Table 12), varying 

between O. OS and O. 10 in Central Africa and 0. 60 in South- East Asia. 

Hence, a FMI of 90 in Asia corresponds lo higher environmental damage 

than the same value in Africa. Furthermore, FMI is relative small (below 

50 percent) for all Central American countries, Colombia, Venezue la and 

for Thailand. In these countries, primary foresls are disturbed in the 

majority by non- foreslry activilies. 

5. Impact of Forest Leglslatlon and Other Pollcy Measures 

In this seclion the impacl of policy measures on the utilizalion of tropical 

forest resources by the forestry sector will be analyzed. Since the for

estry sector joinlly uses forest areas with other sectors of the economy, 

forestry policies cannot be striclly confined to logging activities but 

have to consider other complementary or compe ling forms of la n d use, 

i. e., s hifting cultivalions, permanent agriculture, mining etc. From this 

it will become c lear, that a bundle of coordinated measures is necessary 

to receive the maxlmum social benefit from national forest resources . 

Although forest areas In tropical countries are to a !arge extent 

publlc ly owned, Umbe r harvestlng is in gene ral done by private enter

prises, because the publlc seclor lacks a sufficiently developed forest 

adminisl.ralion and lhe financial funds for necessary Investments in infra

structure and machinery. In a broader sense, policy measures related to 

lhe foreslry sector include the legal order of forest and land utilization 

as weil as economic incentives and dlsincenlives for forestry and 

agriculture in any form, for example, laxes, tariffs or specific obliga

tions. 

These measures are in gene 1 d " t d t ra lrec e o lhe potential produclive 

uses of the foresl areas, eilher limber harvestlng or deforeslalion for 

agricullure , pasture or wood plantations. The declaration of foresl 

reservations unlil recently has only been of minor interest in most of the 

t ropical countries . Until 1980, only 3. 3 p ercent of all tropical c losed 
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Table 13 - Foresl Reservations in Tropical Count.ries, 1980 

Cl oaed broadleaved forest Reservation/ 

total 1 reaervation total 

mil. ha percent 

West and Central Africa 188 8 4 . 1 

Latin America 654 14 2.1 

Asia and Oceania 292 16 5.5 

Total 1134 38 3.3 

Source: FAO/UNEP I 1981) . 

forest areas h ad been given the slatus of a reservation (Table 13). How

ever, g iven lhe poor forest adminislration in many tropica.l countries, 

lhe necessary supervision of reservalions is a lmost impossible . This is 

only another indication for the low priority given to foresl prolection. 

The main reason for that is , thal lhe value of protected (or at least 

less intensively used) forest areas in lerms of suslained quality of soil, 

water and air has not yet enlered lhe economic calcuJus. This ignorance 

is probably due to the seeming abundance of tropical forests, which s till 

cover !arge parts of the land area in many countries. Moreover, economic 

agents engaging in logging have been given lillle incenlives to preserve 

lhe ecological benefils of rain foresl ecosystems. 

The most imporlanl r eguJation of the forestry seclor consists of 

individual foresl utilizalion conlracls (concessions) for private enler

prises, which are granled for fees [ F . Schmithüsen, 1976). Basic 

e lemenls of these conlracts are minimwn cutting requirements (stem 

diameter), a maximwn harvesting volwne for the concession area and 

s tandards for the roads to be constructed by the enterprise. Many gov

ernments urge the private concessionaries to construct durable roads 

lhat can be integrated into lhe national road syslem after wood 

harvesling has been finalized. In some countries foreign firms are not 

a llowed to apply for concessions. Since many domestic concessionaries 

Jack lhe know-how and the capilal lo engage in wood harvesting them

selves, l h ey lransfer short- run foresl use a llowances to other domestic 
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i · thus giving an incentive for more dM'lllging and foreign concess onaries, 
wood harvesting. The contract period rarely exceeds ten years and quite 

t t run for only one or two years. Due to insufficient many con rac s 
control through the authoritles, these regulations, which aim on sustain-

ing lhe natural regeneration potential of lhe foresl, are frequenlly dis 

missed. This is the case especially when lhe conlracl period 1s relatively 

short which gives no incenlives for !arger Investment in infraslructure, 

for careful, low-waste logging aclivilies and reforeslalion. More recenlly, 

further obligations have been added, for example, minimum degrees of 

local processing, export bans on unprocessed roundwood or requirements 

for reforestalion of exploited areas. These regulations can give in

cenlives for private Investment in wood manufacluring industries, if 

other economic conditions in lhe respective country, for example, tax 

system, access to bank credits and guaranleed properly righls, are 

favourable. Anyway, controlling any of lhese contraclual obligalions is 

still a major problem. 

The bases of the fees, which are charged for concessions, vary 

widely belween counlries [ Gray, 1983]. In some countries lhere are still 

fees exisling, which are based on lhe concession area (for example, in 

mosl West African counlries) or on s landing timber volumes (for ex

ample, in the Philippines), but they are relative unimportant compared to 

olher charges. Neverlheless, this gives obviously an incenlive for maxi 

mum timber harvesting or even clear cutling, because selective logging 

provides smaller revenues due lo high fixed costs for the road system. 

An optimal fee system is based on fees charging only the volume of lhe 

trees felled, while differences in the commercial values of species should 

be taken into account. In addition, concessions should be granted in a 

competitive bidding process with previously announced minimum offers. 

This makes sure lhat the country receives the maximum revenues . lt is 

reporled lhal in some countries lhe allocation of concessions is affecled 

by corruption and political palronage. Such concessions involve a high 

degree of political and commercial risk, so thal the concessionaries have 

no incentive for long- lerm sustalnable forest management. 

The above mentioned regulations and the system of forestry charges 

are lo be viewed in c lose connection wilh the national trade policy 

measures. Basically, lhere are three inslruments which have been used 

frequenlly in developing counlries lo protect the national wood manufac-
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turing industry and to atlract foreign investors: export taxes or bans 

for unprocessed wood, tariffs on imports of wood manufactures and sub

sidies for domeslic lumber exporls. All three policies Aim At the 

proteclion of the domestic wood processing industry agAinst foreign 

competition. EspeciAlly, barriers for exports of unprocessed wood are 

meant to reserve domestic wood resources for local wood processing in

dustry. Given such export regulation, unprocessed wood is provided to 

these industries al lower prices thAn lhe world markel price. 

The cumulated effect of all lrade policy Instruments is commonly 

measured wilh the indicalor "effective rate of protection" (ERP), which 

includes bolh government-induced price dislorlions of inpul and output 

goods. 1 The ERP is calculated as the percentage change of value-added 

in one industry compared to a (hypothelical) free lrade regime. A sec

loral ERP, that lies above the average rate of lhe manufacturing sector, 

has to be interpreted as a disincenlive for exports and an incentive for 

foreign Investment in lhis sector (and vice versa), because lhe profit 

margin on lhe domestic market is higher than on foreign markets. In 

Table 14, this indicalor is lisled for wood and paper industries of 

selected tropical counlries; The figures show, lhat distortions are high 

in all countries, but there is obviously no common patlern. Bra:zil, as 

one example, obviously protects its lumber, panels and furniture 

industry against foreign competitors, whereas domestic supply prices for 

wood pu!p are below world markel prices, so lhal trade protection for 

the pulp industry is not necessary. Thailand protects only its furniture 

industry, whereas lhe Philippines protecl only the basic wood manufac

turing through a differential lax on unprocessed timber exports. 

lndonesia's negative effective rate contrasting with a positive nominal 

rate for the panels industry probably indicates subsidies on panels ex

ports outweighed by relative high domestic wood prices. Except 

Thailand, all countries are protecting their domestic paper manufacturing 

whlle unprocessed paper can be imported more liberally. 

Although the !arge reduction of transport costs through processing2 

gives all forest-rich countries a comparative advantage for local wood 

1 
For a definition of the effective protection measure as it is used 
above, see Amelung and Seil [ 1991] . 

2 
Weight and volume of wood produc ts are much lower than the r ound 
wood equivalent necessary to produce them. 
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Table 14 - Effectlve Proteotlon of Porestry and Wood Processing 
Tropical Countries, 1978, 1980 and 1985 (a) 

Logging 

Wood manufacturing 

Lumber 

Panels 

Joinery 

Other wood 
producta 

Purniture 

Pulp , paper and 
producta 

Pulp and paper 

Paper product■ 

Total manufac
turing(b) 

lndoneeia jPhilippinea lThailand Malaysia 

} 
-20 
(19) 

45 
(14) 

12 
(15) 

12 
(12) 

73 
(55) 

33 

1980 1978 

-21 
(-19) 

50 } (0) 
28 

<-;> 
(2) 
8 

(0) 

17 
(7 ) 

34 
(32) 
51 

(39) 

36 

. 
-1 
(0) 

20 42 
(13) (20) 

28 ' 
(20) 

52 21 
(30) (20) 

124 28 
(52) (20) 

37 18 
(31) (15) 
27 49 

(29) (20) 

49 34 

. 

Brazil 

1985 

pulp 
-42 

35 
(23) 

60 
( 33 ) 

-2 
(8) 

64 
(52) 

42 
(14) 

paper 
48 

(-25) (13) 
95 

(46) 

29 

in 

(a) Pigures given in parentheses refer to nominal rates of implicit 
protection. Effective rate■ of protection have been calculated by using 
the Corden [1971) formula and rate , of implicit protection. _ (b) Aver
age, refer to the manufacturing 1ector. 

Sources: Amelung , Seil [1991) ; Findlay, Garnaut (1986). 

processing, many developlng countries c reate additional incentives 

through trade pollcy measures. This has been justifled with two argu-
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ments : First, industrial countries are accused to protect their own manu

facturing industries through laxes on imports of wood manufactures from 

troplcal countries, which is a barrier to their exports. In fact , there are 

still tariffs on wood products c harging mainly p lywood imporls from de

veloping countries in Asia and Latin America. 
1 

Second, it was claimed 

that a newly emerging industry needs a certain period to reach the same 

efficlency ( in terms of labour s kills or technlcal standards) as the 

established industries in more developed countries. Therefor e, not only 

trade protection, but also a number of subsidies have been provided, for 

example, in Ghana, lvory Coast and Brazil I see Repetto, Gillis, 1988, 

and the country studies thereinl. 

These industrialization incentives may be regarded as successful in 

terms of employment and income creation, as was already shown in 

Seclion III. 3. Moreover, many countries were relatively successful in 

attract ing foreign investors. In the first place, this is true for 

Indonesia, but a lso for West Africa, where more than two-thirds of the 

processing capacity is due to foreign direct investment I Contreras, 

1987). Nevertheless, some disadvantages of this promotion policy became 

already obvious: First, processing is still inefficient in terms of raw 

material input, especially wood. The comparative wastage of wood in 

domestic manufacturing in tropical countries can probably be attributed 

to Jow Jabour skills and the Jack of further p r ocessing of wood waste. 

This Jeads to a higher depletion of national wood resources which s hould 

a lso be abandoned for ecological reasons. Second, in some counlries ex

cess capaclties have been buill up as a consequence of the h igh policy

induced private r e ntability. 

A simple lifting of a.11 distortions and governmental regulations is, 

however , not a solution to the proble m. Tropical forests produce a 

varlety of ecological services (for example, sink for C0
2

, production of 

non-wood forest products, preservation of soil quality), which can be 

regarded as economlc goods, even though these goods cannot be sold on 

markets rewarding the produclion of these goods. In order to maintain 

these ecological services, a mlnimum of governmental regulation is needed 

to make s ure that ecological funclions enter the economic calculus. This 

1 Import tariffs on plywood are 8 percent in the USA, 10 percent in the 
EC 11nd 17- 20 percent in Japan [ Bourke, 1988, p. 122) . 
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could be done either in the form of contr actual obligations for conces

sionairs or in the form of a •resources-depletion tax• levied on logging 

activities as weil AS on deforestation. The revenues of such a lax could 

be invested in reforestation projects or in the promotion of sustainable 

forms of tropical agriculture, if this receives higher priority for national 

development. Concession fees and laxes on unprocessed timber exporls 

may be regarded AS a s ubstitute, but in lhe past , the respeclive 

r evenues have not been invested in such projecls. 

In many cases agriculture is competing for foresl areas, which 

presently are under ulilization of forestry . Therefore, any incenlive for 

the agricultural sector to extend its area translates into an incentive for 

deforestalion. As a consequence, an isolated solution for the forestry 

sector is not realistic, given the weakness of forest administration. Any 

proposal for the forest resources hAS to include a component for shifting 

cultivation, i. e. , uncontrolled deforestation, and policy instruments for 

the agricultural sector. The experience wilh different regulalions and 

policy measures shows, that a coordination of instruments within the 

forestry industry and between forestry, wood manufacturing, agriculture 

and environmental policy is crucial. Elements of such a coordinated 

forest policy should include long-lerm concessions, a resources-depletion 

tax or an equivalent fee, a less distorted trade regime and incentives for 

sustained yield agriculture or agroforestry. 

These consideralions, however, should not be regarded as final 

policy conclusions, but AS a starting point for more detailed country 

s tudies. Ecological conditions and economic activities in tropical forest 

areas are too different across tropical countries. Nevertheless, it can be 

concluded that an effec tive policy framework cannot be confined to for

estry policies but hAS to be suited to all economic sectors involved. 

Moreover, such a framework should lnclude both domestic pollcy 

meASures in troplcal countries AS weil as multilateral and bilateral 

programs supporting these policies. 

IV. Converslon of Troplcal Forest Areas lnto Agrlcultural 
Land 

1. Agrlcultural Productlon for Markets outside the Troplcal Forest Areas 
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Following earlier studies on the sources of deforestatlon, t he agricultural 

sector is one of the main sources of deforestation. Despite the environ

mental damage associated with deforestation, one should not forget that 

for most tropical countries the agricultural sector is one of the key 

sectors of lhe economy, while land is one of the major input factors to 

this seclor. 

Table 15 yields the contribution of the agricullura.l sec tor to the 

national economy in tropical countries in terms of contribution to t he 

GDP, share in total e mployment and expert shares. In most of these 

countries, the agricultural sector contributes more than a fourth to the 

GDP of the respective tropical country. Only in some Latin American 

counlries (Brazil, Mexico, Panama and Venezuela) this share ranks below 

10 percent. 

Generally, the employmenl shares given in the second column of the 

table are substantially higher than the percentage contribution to GDP. 

The reason is thal agriculture is highly labour-intensive, thus absorbi.ng 

the bulk of employment in many tropical countries. Especially in African 

countries agriculture accounts for more than half of the employment. 

Only in Suriname and Venezuela, the agricultural sector accounts for 

less than 20 percent of total e mployment. 

Agricultural exports account for a high share of export earnings in 

tropical countries . Even in Brazil , which is highly industrialized 

compared to other tropical countries , more than one-fourth of total 

exports are due to the agric ultural sector. There are a number of coun

tries (Costa Rlca, Guatemala, Honduras, Nicaragua, Paraguay, Ghana, 

Ivory Coast, Madagascar, Rwanda), where more than half of the export 

earnings have been produced in the agricultural sector. By contrast, 

export shares are comparatively low in o il- exporting countries (Colombia, 

Mexico, Venezuela, Congo, Gabon, Nigeria, lndonesia) or in coun t ries 

with s izeable endowments of other mineral resources (Bolivia, Peru, 

Guinea, Zaire, Papua New Guinea) . 
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Table 15 - Contribution of the Agriculture Seetor to GDP, Exports and 
Employment in Selecled Tropical Countries, 1987-1988 (per-
cent) 

Agricultural Agr icul tural 
Agriculture/ emploJ1119nt/ exporu / total 
GDP(a) total employ- exporu(c) 

MDt(b) 

1988 1987-1988 

Jolida 24 43 10 
Brasil 9 26 31 
Coloahia 19 29 45 
Coata lica 18 2S u 
Dcainican llepublic 23 38 50 
Ecuador 15 32 32 
Guat-la 26 52 77 
Cuyana 24 23 38 
Bonduru 25 56 75 
Mn.ico 9 S1 7 
Nicaragua 29 40 86 
Pan&M 11 26 46 
Paraguay 30 47 86 
Peru 10 S6 20 
Surinalle 11 17 17 
Vneauela 6 12 0 
Angola " 71 2 
ca..roon 26 63 45 
Central African Republic 44 65 35 
Congo u 60 2 
Gebon 11 69 1 
Ghana 0 51 48 
Guinea 30 76 5 
IYory cout 44 ,a 7' 
Liberia " 71 27 
Hadaga■car 41 78 70 
Nigeria 34 65 4 
llvande 38 92 95 
Sierra Leone 46 64 15 
Zaire 31 67 18 
llangledeab 46 70 12 
Bunoa 58 48 30 
lndia 32 67 18 
Indoneaia 24 50 u 
Malaysia 23 34 21 
Papua Nev Guinea 34 69 26 
Philippinu 23 48 20 
Sri Lanka 26 '2 40 
Thailand 17 66 )5 

(a) TheH oharu have baen derived trca nat1onal accounu dau and in
cluda forutry and fhbi01, - (b) lllplo:,aant oharu bna baan proxiad by 
tha ahare ot aconcaically actin agric11ltural population In total aconomi
cally active population. - (c) Agric\llt11ral uporu cooq,rha all tood and 
agric11ltural raw utoriala (Sltc cateaorieo o, 1, 2 and 4 ucluding 232 , 
::~ ::;;. 27 and 28) excapt fhh (03), benragu (11) , llmbar (24) and 

Source: PAO (c, 1988); UNCTAD (1991); World Bank (1990a·, 1991); own 
calculatlons. 
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However, even in these countries lhe agricultural seclor absorbs the 

bulk of lhe labour force. 

As a result of the high level of population growth, land reserves in 

many developing countries have been declining I Scholz, 1988) . The 

growing s~city of agricultural land has caused an expansion of agri

cultural land into tropical forest areas . Parmers and ranchers convert 

tropical forests into marginal agricultural land, even though the soil 

qualily in tropical rain forest areas ranks below that in non-forest 

As already menlioned in Section II. 3, lhere are different segments 

of agriculture contributing to the conversion of tropical forests into 

agricultural land. On the one hand, there are the small- scale non

permanent agricultural holdings comprising mainly shifting cultivators, a 

)arge part of them being settlers that have immigrated into tropical 

forest areas. These shifling cultivators partly belong lo the subsistence 

sector or are integrated into local and regional markets (Section IY.3). 

Beside the shifling cultivalions seclor, lropical deforestalion is 

caused by permanent or sedentary agriculture. The respective producers 

are usually integrated .into national or international markets . Basically, 

these market-oriented producers encompass both !arge plantalions and 

small holdings . Por instance, in Sawarak, where 76 percent of total area 

are covered with tropical rain forest , more than 95 percent of the 

productive agricultural land is cultivated by smaHholders, while only 1 

percent is due to )arge eslates and plantalions [Schätz), Piening, 1988). 

Moreover, small holdings of less than 100 ha constitute the majority of 

producers In the East Amazon region. Even though these producers 

cultivate only a fifth of the agricultural land, four-fifth of rural 

employmenl and regional food production is due to these small holdings. 

For this reason, the deforestalion caused by this segment of agriculture 

cannot be attributed to large-scale holdings, monocultures or large-scale 
1 

livestock productlon. 

A recent study of lhe present authors compiles the range of agri

cultural products harvested on converted tropical forest areas. The in

formation was derived by evaluating a substantial set of map data show-

1 Basically monocultures, plantations and large-scale livestock projects 
are more damaging lhan small - scale produc tion and agroforestry 
because the former require the enlire clearing of land. 
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ing the geographical localion of ma.in crop areu and grazlng land by 

their respeolive agricultural product I Amelung, Dlehl, 1991, pp. 1n-

183]. 

1 t . has shown that the produotlon of export cropa like Thls eva ua 10n 
'----~ 11 palms cocoa nuts and plneapplca ia predomlnant In ooffee, to,.,...,.,.,, o • • 

many troplcal oountrles lrrespecllve of the conlinenl. The loH of foreat 

land d ue to the establlshment of crop 11re1111 varies subsl11nli11lly acrou 

producls. While thc produotlon of some c rop11 llke groundnul8, cotton, 

IArgc-scalc liveslock produolion or food orops llke malze and rice rcqulre 

thc olearlng cf IArgc foresl 11r04s, some othcr produots 11re harveated on 

Areas lhat havc to bc surrounded by troplcal forcst 11rcas. Thia appliee 

especlally to cxporl crops that arc harvestcd from trecs and shrub■, llkc 

ooooa and oll palms. Sincc lhesc plants cannot stand the deollnlng of 

ground water, as il is caused by cxcesslve dcforestallon, therc Are 

ccrtain llmlts lo deforestallon I Repcllo, 1989] . 

ApArl from that, there are agricullural products thal are oonfined 

to cerlain regions. For instance, lhe produclion of catlle is ooncentrated 

in Central and Soulh America. In Cenlral American counlries ranching on 

oonverled lropical forest Areas has a long lradilion reac hing back lo thc 

end of lhe last century. Both in Central Amerlca and in Paraguay the 

produclion of callle is exporl-orienled ( Browder, 1988]. By oontrasl, 

lhe expansion of catlle ranches into tropical forest Areas in Brazil and 

Colombia is a rclalively new phenomenon. In the Amazon region catlle 

ranching can be traced back lo lhe sixties ( Fearnside, 198611] . In Brazil, 

most of lhe produclion ls s upplied to lhe domeslic market, because 

ranching did not turn out lo be a profitable business in lhe Amazonian 

rain forest, even though production was extensive and unlil r ecenlly 

heavily s ubsidized by the government ( Bojö et a l., 1990, pp. 147- 1501. 

Beside callle ranching, lhe productlon of s ugar cane is predominan t in 

Central America. The produclion of ooca is predominant in remole 

tropical forest areas of Peru and Colombia. Especially in Peru, lhe 

conversion of lropical foresls into coca cullivalions became an importanl 

segmenl of agricullure, which recorded an employment of 250,000 and 

annual exporls of USS 1. 2 billion or roughly SO percenl of the country's 

exporl earnings. Unlil 1990, approximately 2, 000 sq km of rain foresl 

were converled into coca plantalions. 1 

1 
Data ha_ve be~n estlm4ted by lhe USDA as reported in the Frankfurter 
Allgemeine Zeitung, No. 133, June 12, 1991. 

In Afrlca, the expanaion ol the acricultural -,tcr tnto trapit:al 

fore■ t areu i■ mainly due to expert cropa lüte CXJ(fee, cocoa., ~ 

and peanul■. E■peclally in Cameroon and lvory Cout the doub!ing. ol the 

hectarage of lhe coffee planl&tiona in lhe 1960-1980 period hu con· 

trlbuted to the converaion or foreat areu into acrlcuJluraJ l.and I S-

et al., 1990, p . 213) . Becau.ee of locational factor■ , ei:-:-JJy lhe Nag.,. 

di■eue, liveatock production i■ or leH lmportance in the tropicaJ ....t 

fore■ t areu of Africa. 

Tree crop devclopment ■eems lo be more concentrated in A.nut 

foreat areu. lt is eatimaled that In the outer i■ landa ol lndonea-. •tate 

crop planlationa led to the conversion of 400 sq km p . a. at lhe begin · 

nlng of the eightie■ . Due to the financ ial oonatraint■ racec1 by lhe a-ov· 

ernmenl of lndone■ la, thu rate may have slo'M!d down to 200 sq km 

since 1986 ( Pearce et aJ. , 1990, p . 103) . 

Since dal& on the ■tructure of produclion In troplcaJ foreat &NU· 

are not avaHable, il is impollsible lo a■■ea■ , to whAl extent pa:rticul&r 

agriculturaJ product■ have contributed to lhe conver■ion of tropical 

foresls into agricultural land. However, Tabl.e 16 sho- to whAt extenl 

different segment. of agricullural production have contribuled. to lhe 

conversion of tropical rorest areas into other economlc u.ees. This table 

has been calculaled by evaluating dal& on land u.■e11 a■ t.hey have ~ 

derived from the PAO Produclion Yearbooka. BulcaJly, the PAO d.ia · 

linguishes between five kinds of land use: 

- arable land 

- land under permanent crops 

permanent meadows and pastures 

- forest and woodland 

- olher land. 

Arable land is defined as land under temporary crop■, while 

double- cropped Areas Are counted only once. Purthermore, this cat.egory 

includes lemporary meadows for mowing or pastures and land which lies 

lemporarily fallow. Land under shifting c ultivalions i.s generally not 

included in this calegory unJess shifling cullivators obtAin legal claims 

and Are officially acknowledged as fArmers . 

The land under permanent crops refera lo areu culti:valed with 

crops occupying lhe land for long periods and not lo be replanled aller 

ca.eh hArvcsl, for example, cocoa, coffee, rubber, fruJt trees etc. How· 
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Table 16 - Conversion of T r opical Forest into Various Forms of Land Use 
in Selected Countries, 1971-1988 (sq km) ( a) 

1971-1980 

Converoion into 
Decline 

Other 
of arable permanent permanent total agri-

land 
foreat land crop area puturu cultur a l land u, •• 
area 

(1) (2) (3) (l)t(2)+(3) 

llolivia(b) 20000 11000 470 0 11470 8530 
(55.0) (2,4) (0.0) (57 . 4) (42.6) 

llrallil(b) 189100 77870 17440 93790 189100 0 
(41 . 2) (9.2) (49.6) (100 . 0) (0.0) 

Colombh 30000 1530 50 27200 28780 1220 
(5 .1) (0.2) (90. 7) (96.0) (4 .O) 

Coata llica 7400 0 150 6470 6620 780 
(0.0) (2.0) (87.4) (89 .4) (10 . 6) 

Dominican llepublic 200 175 25 0 200 0 
(87 .5) (12.5) (0.0) (100.0) (0.0) 

Ecuador 23000 150 900 17160 18210 4790 
(0. 7) (3.9) (74 .6) (79.2) (20.8) 

Guat-la 5500 1700 250 1000 2950 2550 
(30.9) (4.5) (18. 2) (53.6) (46.4) 

Guyana 18210 1160 0 2210 3370 14840 
(6 .4) (0.0) (12.1) (18 , 5) (81. 5 ) 

Bondura1 8830 1800 370 2100 4270 4500 
(20 . 4) (4 , 2) (23 .8) (48,4 ) (51.6) 

Hexico 59600 13120 800 0 13920 45680 
(22.0) (1. 3) (0.0) (23. 4) (76.6) 

Nicaragua 11120 350 60 5300 5710 5410 
(3,l) (0.5) (47 . 7) (51.3) (48.7) 

Panama 3000 30 90 1000 1120 1880 
(1.0) (3.0) (33.3) (37. 3) (62.7) 

Paraguay(c ) 11000 3870 10 7120 11000 0 
(35 . 2) (0. 1) (64. 7) (100 .0) (0.0) 

Peru 25000 4700 150 0 4850 20150 
(18.8) (0.6) (0.0) (19 .4) (80 .6) 

Surinam 500 100 10 80 190 310 
(20.0) (2.0) (16. 0) (38. 0) (62.0) 

Venezuela 29000 2410 120 7700 10230 18770 
(8.3) (0.4) (26.6) (35.3) ( 64. 7) 

Latin -rica(d) 441460 U 0095 21095 1611480 309670 131790 
(27,2) ( 4 . 11) ('8.2) (70 .1 ) (29 . 9) 

Angola(c) 8800 400 0 0 400 8400 
(4 .5) (O. Ol (0 . 0 ) (4 . 5) (95.5) 

C&meroon 10900 3800 U20 0 8420 2480 
(34.9) (42.4) (0 .0 ) (77.2) (22 .8) 

Cantral African 950 875 75 0 950 0 
llapublic ( C) (92.1) (7 ,9) (0.0) (100 . 0) (0,0) 
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Table 16 continued 

1971-1980 

Convertion into 
Decline 

Othar of arabla penaanent permanent total agri-
land fore■t land crop area paeturu cultural land 
u■e■ area 

(1) (2) ( 3) ( 1)♦(2)♦ ( 3 ) 

Congo 2300 110 20 0 130 2170 
(4. 8) ( 0.9) (0.0) (5. 7 ) ( 94 . 3 ) 

Ghana(c) 7000 970 890 0 1860 5140 
(13.9) (12 . 7) (0.0) (26 . 6) ( 73 . 4 J 

Guinaa(c) 8600 200 10 0 210 8390 
(2.3) (0. 1 ) (0. 0 ) (2.5) (97 . 5) 

Ivory Cout(b) 59100 2500 700 0 3200 55900 
(4.2) (1.2) ( 0 . 0 ) (5 . 4) (94 .6) 

Hedagucar 15700 4500 1800 0 6300 9400 
(28.7) (11. 5) (0.0) (40.2) ( 59.8) 

Nigeria(b) 30000 4300 550 2000 6850 23150 
( 14. 3 ) (1 .8 ) (6. 7) (22.8 ) ( 77.2) 

llvanda(bJ 300 190 66 0 256 44 
(63.3) (22.0) (0.0) (85 .3) ( 14 . 7) 

Sierra Leone(b) 270 264 6 0 270 0 
(97.8) (2 . 2) (0.0) (100.0) (0.0J 

Zaire(b) 32500 2560 700 0 3260 29240 
(7 . 8) (2.2) ( 0 .0) ( 10.0) (90.0) 

Africa(d) 176420 20669 9437 2000 32106 144314 
(ll.7) (5.4 ) (1 .1) (18.2) (11.1) 

Jlangladeeh 540 200 300 0 500 40 
(37 . 0 ) (55.6 ) (0 .0 ) (92,6) ( 7 .4) 

Indoneaia 51800 uooo 2200 0 15200 36600 
(25.1) (4. 2) (0.0) (29.3) (70. 7) 

Laoa(b) 10000 300 80 0 380 9620 
(3 . 0) (0. 8 ) (0.0) (3 . 8) (96. 2) 

Helaytia 24000 800 3000 10 3810 20190 
(3. 3) (12.5) (0.0) (15.8) (84.2) 

Papua Nev Guinea 2000 40 170 60 270 1730 
(2.0) (8.5) (3.0) (lS.5) (86.5) 

Philippinu 20430 0 9000 1970 10970 9460 
(0.0) (44.1) ( 9.6) (53. 7) (46 . 3) 

Sri Lanka 600 220 0 0 220 380 
(36. 7) ( 0 . 0) (0.0) (36. 7) (63 . 3 ) 

Thailand(b) 60000 42150 2750 2000 46900 13100 
(70.2) (4 .6) (3. 3) (78.1) (21. 9 ) 

Vietnam 13000 3700 2050 80 5830 7170 
(28.5) (15. 8) (0 . 6) (44. 9) (55.l) 

Aal..a(d) 182.570 60410 19550 4120 84010 91290 
(55.1) (10. 7) (2.3) (46.1) (S3. 9) 

Total(d) 100250 20ll74 50082 174600 425856 374394 
(25.1) (6.3) (21 . 8 ) (53.2) (46. 8) 



Table 16 contlnued 

1980-190 

Convarlion 1nto 

Declin• 
of arabl• pet9&n•nt peraan•nt 

foren land crop ar•• put11ru 

•r•• 
(l) (2) (3) 

llolivia (bl 4900 200 710 0 

(4 . 1) (14.5) (0.0) 

lru il(b) 194400 61'40 8040 77720 

(U. 6) (4 .1) (40. 0) 

Col oabia 24000 1'70 110 20S00 

(5. 7) (0.5) (84.5) 

Coata llica 1900 0 90 1570 

(0.0) (4 . 7) (82 . 6) 

Doal.nican l•poblic 160 uo so 0 

(81.Z) (18.8) (0.0) 

lcuador 24500 1740 300 10340 

(7 . 1) (1.2) (42.2) 

Guat-la 6400 1100 so 800 
(17.t) (0.8) (12. Sl 

CU,ana ll& ... ... ll& ... na na 

Bonduru 5770 150 uo uoo 
(Z.6l (2. 31 (22.5) 

ll<txico uooo 1500 300 0 
(5.5) (0.7) (0.0) 

licaraaua 9080 200 20 4200 
(2.2) (0 , 2) (46,S) , ...... 2400 50 150 800 
(Z.ll (6 , S) (S,,S) 

Para1ua7(c) 50500 4800 10 45000 
(9.5) (0. 0) (89,1) 

Peru 20000 1800 250 0 
(9 . 0) (1.3) (0.0) 

Surhlaa SS0 170 20 20 
(48.6) (5. 7) (5. 7) 

Veneauela 23200 1200 150 4000 
(S.Z) (0.6) (17 . 2) 

Latla - dca(d) 410,-0 75770 10060 161150 
(11. 5) (2 , S) (S9.4 ) 

Anaola(c) 7200 1000 0 0 
(15 . 9) (0 . 0) (0.0) 

Caaeroon aaoo 1600 280 0 
(18.2) (5 , 2) (0 . 0) 

C.ntral Africa n 1SO s,o 110 0 
lapoblic ( c) (7S.5) (14 , 7) (0 , 0) 

COftlO 1600 90 100 0 
(5.6) (6.5) (0.0) 

Ch&n&(C) '600 600 500 0 
(10. 7) (8. 9 ) (0.0) 

total agd-
Othar 
land 

cultura l l a nd 
u■•• 

(l)♦(Z)♦(3) 

910 S990 
(18.6) (81.4) 

147100 47300 
(75.7) (24.S) 
21780 2220 
(90 . 7) (9.3) 
1660 240 

(87.5) (12 . 7) 
160 0 

(100.0) (0.0) 
12380 12120 
(50 . 5) (49.Sl 
19SO USO 

(S0.5) (69.5) 
n.a ll& 

Q& na 
1S80 4190 

(27.4) (72 . 6) 
1800 41200 
(4.2) (95. 8) 
4420 4660 

(48 . 7) (Sl.S) 
1000 1400 

(41.7) (58.3) 
49810 680 
(98.6) (1.4) 
2050 17950 

(10.3) (89.7) 
210 HO 

(60.0) (40.0) 
5350 17850 

(23.1) (76 . 9) 
247610 uzeao 

( 60.S) (S9.7) 
1000 6200 

( 13.9) (86. 1 ) 
1880 9620 

(21.4) (78. 6) 
660 90 

(H , O) (12.0) 
190 1410 

(11.9) (H,l) 
1100 4500 

( 19 . 6) (80.4) 

Table 16 continued 

CniJIH(C ) 

I • ory Cou t(b) 

Hadagaaca r 

ligeria(b) 

Rwanda(bl 

Si•rr• Leone(bl 

Zaire(b) 

Afrlca(d ) 

11&naladHb 

Indoa•d• 

Laoa(b) 

Halayaia 

Papua New Guin•• 

Pbilippinea 

Sri Lanka 

Tbailand(bl 

Aaia(d ) 

Total (d) 

1980-1988 

Converdoa into 
Decl in• ~ --- ~----..-------,-- -----i 
of arabla 
f orut land 
area 

(1) 

7900 160 
(2.0) 

40000 4700 
(11 . 8) 

12800 500 
C,.9) 

24000 9500 
(39,6) 

2l0 160 
(69 . 6) 

430 350 
(81.4) 

26400 1940 
(7.S) 

ll.5710 lll.50 
(15 . 6) 

2150 870 
(40.5) 

41870 15000 
(31.0) 

8 000 zoo 
(2.5) 

19200 400 
(Z.ll 

1620 130 
(8.1) 

17070 750 
(4.4) 

230 120 
(52.Z) 

U820 11850 
(49 . 7) 

'1910 0 
(0.0) 

14~70 27320 
(18. 7) 

692140 124240 
(18.0) 

perMnen t perMnent total agri
crop area paatur•• cultur•l land 

(2) 

50 
(0 . 6) 
1000 
(2 . 5) 
280 

(2.2) 
0 

(0. 0 ) 
60 

(26,1) 
0 

(0. 0) 
500 

(1.9) 
zaeo 
(2.1) 
270 

(12.6) 
1200 
(2.9) 

10 
(0.1) 
300 

(1.6) 
90 

(5.6) 
1070 
(6.S) 

0 
(0.0) 
4670 

(19.6) 
2200 
(6.9 ) 
9810 
(6.7) 

22750 
(S.S) 

0 
(0. 0) 

0 
(0.0) 

0 
(0.0) 
900 

(3.8) 
0 

(0 . 0) 
0 

(0.0) 
0 

(0 . 0) 
9 00 

( 0 . 6 ) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
0 

(0.0) 
22'0 

(13.1) 
0 

(0.0) 
1200 
(5.0) 
500 

(1.6) 
, , so 
(2. 7) 

1666110 
(2.4.l.) 

(1)♦(2) ♦(S) 

210 
(2.6) 
5700 

( 14 . 3) 
780 

(6.1) 
10400 
(43 . 3 ) 

210 
(95,7) 

550 
(81.4) 
2440 
(9.2) 

24950 
(18.4 ) 
1140 

(53.0) 
14100 
(33.9) 

210 
(2.6) 

700 
(3. 7) 

220 
(13.6) 
4050 

(23 . 8) 
120 

(52.2) 
17720 
(74.3) 
2700 
(8.5) 

41060 
(18.1) 

!13670 
(45.3) 

Othar 
land 
u••• 

76 90 
( 9 7 . 4) 
34300 
(85. 7) 
12020 
( 95.9 ) 
13600 
(56. 7) 

10 
(4.3) 

80 
(18.6) 
2'960 
(90.8) 

110 780 
(81.6) 
1010 

(47 . 0) 
27670 
(66,1) 
7790 

(97.4) 
18300 
( 96.3) 
1400 

( 86.4) 
13020 
(76.2) 

110 
(47.8) 
6100 

(2.5. 7) 
29210 
(91.S) 

104ll10 
( 71.9) 

5711470 
(54. 7) 

(a) Figur•• in parentb•••• give tbe percentage ebare of different land u••• in the con
v·er1ion of troplcal fore1t a rea• . - (b) Hore t.han one-third. but le11 than tvo--third1 
of total foreat area in 1980 •r• open foreat for111&tions . - (c) Hore t.b.an two-tbirda of 
total fore1t area in 1980 are open foreat formationa. - (d) aegional average• refer t.o 
tbe aum of countri•• listed in tbe table . 

Source: FAO (c) ; own calculations. 

ever, trees grown for timber and wood are excluded . Hence, this 

category includes a ll kinds of monocultural plantations and cash crops 

for export markets. 
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The permanent meadows and pastures refer to areas that are used 

permanently for forage c rops and grazing for a mlnimum perlod of five 

years. This 04tegory comprises livestock production. 

Porests and woodland include all kinds of prlmary and secondary 

forests . In general, this category refers to land under natural or 

planted stands of trees whethe r productive or not, while the dala in 

clude land from which forests have been cleared bul lhat will be 

reforested in the foreseeable future. For this reason, the dec line of the 

forest area as it is reported in these stalistics C4n only be regarded as 

an inadequate proxy for deforestalion. 

Finally, other land uses encompass land not specüiC4lly listed under 

the olher categories, i. e. , unused potentially productive land, buill-on 

areas, wasteland, parks, roads etc. For mosl countries, land converted 

by shifting cultivators is included under this 04tegory. 

In gcneral, thc reliability of these data which are compiled mainly 

from government statislics have to be queslioned, as they cannot be as 

accurate as forest inve ntories. However, the data can s h ow to what 

extenl olher forms of land use have increased in years, in which there 

was a decline of forest area. 1 

The first column of Table 16 gives the absolute dec line of forest 

area both for the 1971- 1980 and 1981-1988 periods. 2 The average annual 

decline of forest and woodlands as lt can be calculated from these tables 

for the latter perlod ranges between the PAO estimations for 1981- 1985 

and Myers's eslimallons for 1980- 1989, t f c 1 excep or o ombia and Guyana. 

l Th 1 1 t ' ~ ca cu a ion of the conversion rates given in Table 16 had to be 
butlt on a number of as t · I d s ump ions . n cases where o nly the forest a r ea 
w!~:e~~~nw~let:!' i:er land ar~as increased, the total area changes 
form. The underl in eSt con~er51?n areas of the r espective land use 
use other th f Y f assumphon 1s lhat s hifts between forms of land 
area of an 11~~ic':i~~r:r :::~ be neglected. Only in a fe w countries, the 
dec r ease. In this case lt n use form (commmonly pastures) s howed a 
had a s hare In foresl was ~ssumed lhal all oth e r forms of land use 
increase in thls pe 'od converSion that was proportional t o their total 

2 
. . r1 . 

Tables 16 , 17 and 18 do not . . 
For some countrles (Belize cEqontam ~igure~ for all tropical countries. 
thc FAO Produclion y ~k uatorial Guinea, Gabon, Ka mpuch ea ) , 
area, for Burma even ae:~ead ~oes . not report any dec line of forest 
data for Indla are extre I Y rise 15 ~eported. The provided land use 

me Y controvers111I. 
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The other columns show which share of lhe declin.e in forest areas 

can be attributed to othcr forms of agricultural land use. The figures in 

parentheses yield lhe percentage shares in land conversion. In general, 

Table 16 yields that the share of lhe agri.cullural sector in thc con· 

version of tropical forest areas had declined in the 1981- 1988 period 

compared to the 1971-1980 period. The reason is that agricullural land 

was increasingly convertcd to othcr uses or rcmained fallow after 

clearing . 

Lalin America shows the highcsl s hare for thc agriculturaJ sector in 

both periods. The major part of tropical fores t convcrsion in the agri· 

cultural seclor was due lo lhe expansion of permanent paslures neces

sary for livcstock produclion. ln Brazil, lhe share of paslures in con

version ranks above 40 percenl. Liveslock produc lion in Brazil is mainiy 

localed in lhe state of Malo Grosso as weil as in lhe easl and southeasl 

of Para. lt has been eslimated thal in 1983 callle ranchers controlled 

more lhan 350, 000 s q km, of which 140, 000 sq km had already been 

cleared for produclion [ Kohlhepp, 1989] . Mahar [ 1989] has eslimatcd lhal 

foresl convcrsion for paslures took place al lhe rate of 8, 000- 10, 000 km 

p . a . in lhe sevenlies, while lhe lion's share was due to !arge land· 

holdings in excess of 1,000 ha . These eslimalions are confirmed by the 

figures in Table 16, which shows an average annu.al conversion inlo 

pastures of 9,379 s q km p. a . for the 1971-1980 period and 9, 715 sq km 

p . a . for the 1981-1988 period. The e xpansion of pastures into lropicaJ 

forests has been promotcd by fiscal incentives and land tenure 

rcgulations (Section IV. 4) . However , lhis does not allow for the con · 

clusion that only large agriculturaJ holdings are responsible for forest 

conversion. The second major source of defores talion in the Amazon 

fores ts were small farmers accounting for 11 percenl of deforeslation by 

1983 [ Repetlo, 1988, p . 76] . 

Ln Africa, only a fiflh of the decline of lropical foresls 04n be 

atlribuled to lhe expansion of agriculluraJ land. However, it has to be 

noted lhal thc high values for other land uses lnclude fallow land in the 

shifting c ultivation cycle. For this reason, lhe share of agric ulture 

reflects only the share of permanent agric ulture. Within the ag ric ultural 

sector, the arable land category is the major source of deforestation in 

Africa. 
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i the ~-tegory named other land uses seems lo In lropical As a, -
dominale lhe conversion of lropical land, while in lhe 1971- 1980 period 

lhe share of agrlcullure and lhe share of olher land uses was more 

balanocd. A possible explanalion for lhe high share of olher uses is lhe 

expansion of permanent fallow land after Jogging and the shüt towards 

expansion of shüling cullivalions, which are not officially recorded. 

However, furlher analysis is needed to lest this hypothesis. 

These regional averages should not be laken as yardslicks for 

parlicular counlries of lhat region, since düferences among countries are 

subslantial. For inslance, in some counlrles In Latln America, for 

example, Brazll, Colombia, Costa Rica and Paraguay, lhe agricullural 

sector had accounted for more than 70 percenl of the conversion of 

forest areas to other land uses in the 1981- 1988 period, while in other 

countries like Bolivla, Mexico and Peru other land uses had been more 

lhan 80 percenl. In lhe same vein, there are African countries, where 

the major parl of deforestation was due lo the expansion of agric ultural 

land. This is especially the case in the Central African Republic, 

Rwanda and Sierra Leone. Among lhe Asian countries Bangladesh, Sri 

Lanka and Thailand show very high percentage s hares of conver sion inlo 

agricullural land. 

A major faclor behind lhe rapid extensüicalion of agricullure lo 

converled foresl lands 1s lhe poor productivity of soils, which furlher 

decreases after few years of use. For inslance, in Indonesia, farmers on 

lhe outer islands, where lhe bulk of lndonesia's tropical forest r eserves 

are localed, requlre substanlially more land per familiy to earn the same 

income as in Java. For example, Sumatra as a whole requires 2. 1 ha to 

produce lhe same value-added as 1 ha on Java, while Sulawes i requires 

2. 7 ha, Kallmanlan 3. 9 and Irlan Jaya 10. 7 [ Douglass, 1987, pp. 55-57) . 

In the same vein, Sloli 11985, pp. 197-203) reports thal the carrying 

capacity of lropical forest areas converted into paslures near the Belem

Brasilia highways decreased from 0. 9-1. 0 head of callles on one h a of 

young paslures lo only 0. 3 after slx years . ln order to compensale for 
these losses in productivlly, producers in tropical forest areas usually 
convert new rain forest areas. 

Summing up, it can be slated lhat lhere are a number of countries 
in which deforestation was due to lhe expansion of agricultural land. In 
these countrles, the agricultural sector contributed to deforestation, 
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even if lhe respeclive forests had been used for commercial logglng prior 

to its conversion into agricultural land, since agricullural land is one 

possible by-producl of lropical foresl exploilalion. 

Tables 17 and 18 show lhe share of foresl conversion into various 

forms of agricultural uses in the 1971- 1980 (1981- 1988) period in tota.l 

land under produclion In 1988. A high (low) share indicates thal a 

sizeable parl of lhe agriculluraJ land and lhus lhe produc tive capacity 

was due l o conversion of tropical foresls . There are only few countries, 

in whic h more than 10 percenl of lhe agri.cullural land in 1988 were due 

to tropical forest conversion in the eighties, i. e ., Ecuador, Paraguay 

and Suriname. In Brazil, Cost.a Rica, Guatemala, Nicaragua, Malaysia and 

Thailand lhis share exceeded 5 percenl. In all other counlries, the 

expansion of agriculluraJ land inlo l ropical forest areas can be assumed 

lo have only a marginal effecl on lhe agricullural production capacity. 

Again, il has lo be noled lhal lhese dala are based on official govern· 

menl slatislics, which do not include producers wilh inofficial land litles 

and s hüting cullivations. 

In Brazil, lhe forest conversion for liveslock produclion reached a 

share of 5 perocnt of total paslureland. In Zaire, another lropical 

country wilh sizeable lropical foresls, lhe growth of agricultual land due 

to forest conversion was comparalively moderate reaching 1 percenl in 

lhe respeclive period. Wilhin lhe agric ultural seclor lhe permanent agri · 

cullural holdings recorded lhe highest growlh. In lhe same vein, Table 

18 reports quite low percent.age shares for African countries. As il was 

mentioned above, lhese countries face subslanlial conversion due lo 

shüling agricullure which is not officially recognized as expansion of 

agrlcultural land. In general, Table 18 reveals slructuraJ düferences 

across the three regions. In Asia, it is lhc permanent crops and arable 

land that record the highest growth rates . In Africa, it was only the 

growth of a rable land which was subslantial, while the expansion of 

pastures was negligible because of locational factors . Conversion due to 

livestock productlon seems lo be more important for Latin American 

countries, especially for countries in Central America. 

Even though the expansion of agricultural land into rain forests 

adds lo lhe productive capacily of lhe agricullural sec lor in some coun

lries, it s hould be noled thal lhe increase of agricullural production 

cannol be assumed to be in lhe same proporlion as the increase in 



Table 17 _ Share of Forest Conversion 1971- 1980 into Agricultural Land 
by Various Kinds of LAnd Use (percenO ( a ) 

Forest conversion into 

permanent total agri-

arable land pastures cropping area, cultural 
land 

Bolivia 33.6 o.o 24.6 3.8 

Brazil 11. 7 5 . 5 14 . 5 7.6 

Colombia 4.0 6.8 0 . 3 6 . 3 

Costa Rica o.o 28.0 6.2 23 . 3 

Dominican Republic 1.6 0.0 0 . 7 0 . 6 

Ecuador 0.9 34 . 0 9.5 23 . 6 

Guatemala 12.3 7 . 2 5.2 9.1 

Guyana 24 . 2 18 . 0 o.o 19.5 

Honduras 11 . 4 8 . 3 17 . 6 9 . 9 

Hexico 5.7 0.0 5.2 1.4 

Nicaragua 3. 2 10.0 3. 5 8 . 7 

Panama 0.7 7.5 6.7 5 . 9 

Paraguay 18.4 3 . 5 0.9 4 . 8 

Peru 13.8 o.o 4 . 6 1.6 

Surinam 17.5 40.0 9 . 1 16.l 

Venezuela 7.5 4 . 4 1.7 4.8 

Angola 1.3 0.0 0.0 0 . 1 

cameroon 6 . 4 0 .0 43 . 3 5 . 5 

Cent ral African 
Republic 4.6 o.o 8 . 7 1.9 

Congo 7.6 0.0 8 . 3 0.1 

Ghana 8 . 4 o.o 5 . 2 3.0 
Guinea 3. 3 0.0 0.9 0 .6 
Ivory Coaat 10. 3 o.o 5 . 6 4 . 8 
Hadagascar 17.6 0.0 34 . 7 1.7 
lfigeria 1.5 1.0 2.2 1.3 
Jtwanda 2.3 0.0 2.3 l. 7 
Sierra Leone 1.6 0.0 0 . 4 0 . 7 
Zaire 3 . 5 o.o 11.7 1.4 
Bangladesh 0.2 0.0 11.0 0 . 5 
Indonesia 8.2 o.o 4 . 1 4. 6 
Laos 3.4 0.0 38 . 1 2.2 
Malaysia 7.7 3.7 7. 8 7 .8 
Papua Nev Guinea 12 . l 7. 1 4 . 8 5 . 7 
Philippinea o.o 16.l 26 . 3 11 . 9 
Sri Lanka 2 . 4 0 . 0 o.o 0 . 9 
Thailand 23 . 5 26 . 3 12.2 22 . 4 
Vietnaa 6.5 2 . 4 23 . 8 8 .4 

(a) In percent of 1988 area of the respective category. 

Souroe: FAO (c) ; own calculations. 

Table 18 - Share of Porest Conversion 1981-1988 into A&ricultural Land 
by Various Kinds of Land Use (percent) ( a ) 

Porelt converaion into 

arable land pe~ent total agri-
pa1ture1 cropping area1 

cult.ural 
land 

Bolivia 0 .6 o.o 37.2 0 . 3 
Bradl 9.2 4 . 6 6.7 5 . 9 
Colombia 3.6 5.0 0.7 4. 8 
Coata Rica o.o 6 . 8 3 . 7 5 . 8 
Dominican Republic 1.2 0.0 0 .8 o.s 
Ecuador 10 . 1 20 . 5 3 . 2 16.0 
Guatemala 8 . 0 5 . 8 1 . 0 6 . 0 
Guyana o.o o.o o.o o.o 
Honduras 1.0 5 . 2 6 . 2 S. 6 

Hexico 0 . 7 0.0 1.9 0·. 2 

Nicaragua 1.8 7.9 1.2 6 . 7 
Panama 1.1 6.0 11.1 5 . 3 
Paraguay 22.9 22.0 0 . 9 21.9 

Peru 5 . 3 o.o 7. 7 0 . 7 

Surinaa 29. 8 10 . 0 18 . 2 23.9 

Venezuela 3.7 2.3 2 . 2 2.S 

Angola 3. 3 o.o o.o 0.3 

cameroon 2 .7 o.o 2 . 6 1.2 
Central African 
Republic 2.9 0.0 12 . 8 1.3 

Congo 6 . 3 o.o 41. 7 0 . 2 

Ghana 5 . 2 0 . 0 2 . 9 l. 7 

Guinea 2.6 0 . 0 3.5 o.s 
Ivory Coast 19.4 0.0 8 . 1 8.6 

Hadagascar 2.0 o.o 5. 4 0.2 

Nigeria 3.3 0 . 4 0 . 0 2.0 

Rvanda 1.9 o.o 2.1 1.4 
Sierra Leone 2.1 o.o o.o 0.9 

Zaire 2 . 7 0 . 0 8 . 3 1 . 1 
Bangladesh 0.7 o.o ll . 8 1.0 

Indonesia 8.2 0.0 2 . 2 4.3 
Laos 2.3 0.0 4. 8 1.2 

Malaysi a 3. 9 0.0 0 . 8 1.4 

Papua Nev Guinea 39. 4 o.o 2 . 5 4.7 

Philippines 1.6 18.3 3 . 1 4 . 4 

Sri Lanka 2.5 0 . 0 o.o 1 . 0 

Thailand 6 . 6 15.8 20 . 7 8 . S 

Vietnaa 0.0 15 . 2 25.6 3 . 9 

Ca) In percent of 1988 area of the respective category. 

Souroe: As for Table 17. 
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productive land. This can be explained by the lower productivity in 

tropical forest areas. Hence, the economic imporlance of the expansion of 

agriculture into tropical forest areas, as it was to be measured in terms 

of the share of agricultural production in lropical forest areas in total 

agricultural productlon, cannot be properly assessed by the analysis 

given above, since this would imply an overeslimation of the productive 

capacity in converted rain forest areas. 

Because of a lack of data on agricultural produclion in lropical 

forest areas it is not possible to calculate the share of production in 

converted tropical forest areas in total agricultural production direclly. 

For this reason, production data for tropical forest areas have to be 

estimated by using estimalions for converled areas and the productivity 

of land (output/ha), as it has been estimaled for converted areas in 

tropical forest regions. The size of the converted areas and thus of the 

resulting productive capacity, of course, is dependent on lhe period 

considered. There are a number of countries which were almest totally 

covered by tropical forests at the beginning of this century. In such 

countries all agricultural production is due lo converted tropical forest 

areas, if one considers more than 30 years as the relevant observalion 

period. Since this study aims at an analysis of more recent lrends in 

deforestalion, land converted in the last 10- 15 years will be taken as a 

reference point for the following case studies of Brazil, Indonesia and 

Cameroon, while conversion prior to that will be neglected. 1 

The offlclal la nd use statistics as they are given in the Produclion 

Yearbooks of the FAO do not include the extent of forest convers ion due 

to logging activities and normal flre losses. In addition, deforestation 

due to spontaneous migration probably has been underestimated. For this 

reason, the converslon of tropical fores t areas for agricultural use in 

Indonesia has been derived from World Bank sources, as they are given 

in Table 19. Accordingly, the bulk of foresl converslon is due lo shifl -

1 
The incluslon of very early forest conversion inc urs a number of 
problems, since il has to be laken inlo account that a s izeable share of 
lhese converled areas has already been transformed into non-agri 
cultural land .us~s, . . remain fallow or have experienced a substanlial 
decline of their m1llal productivity. Since it is not possible lo take 
account of lhese effecls in 1 • • • l our ana ys1s, lhe respechve periods do no 
e~ce;d 15 years, even lhough produc livity is like ly to decrease even 
w1lhm lhis period. 

Table 19 - Sourcea of Deforestation in Indonesia, 1980-1990 

Shifting cultivation 
Kalimantan 
Irian Jaya 

Tranamigration program 
Sponsored settlement 
Secondary development 

Spontaneous migration 

Estate crop development 

Logging 

Fire lose 

Total 

Average annual 1 
deforeatation (FAO) 

,q 1cm 

4350 

1650 

6000 

Lo11 of foreat area 
(Vorld Bank eatimate) 

j percent 

50000(a) 59 
35000 41 
3000 4 

9000 11 
6000 7 
3000 4 

10000 12 

2000 2 

S000(b) 9 
(16000)(a) 19 

6000(c) 7 

85000 100 

(a) lncludes loues due to shifting cultivations and logging ; could be 
attributed to either category. - (b) Forest land that has been logged 
prior to shifting cultivation has been excluded to avoid overlapping. -
(c) The huge 1983 fire loss in East Kalimantan (about 30000 sq 1cm) is 
not included. 

Source: Pearce et al. [ 1990, p. 95]; World Bank [ 1990b, p . 3) ; 
FAO/UNEP [ 1981); own calculations. 

ing cullivalors. Since a large share of these shifling cult ivators is inte

grated into regional or even international markets, it makes sense to 

include lhe shifling cultivator segmenl inlo lhe analysis. 

In Indonesia approximately 68,000 sq km of lropical forests had 

been converted inlo agricultural land, of which SO, 000 were due to 

shifting c ultivalors, 10,000 can be atlribuled lo sponlaneous migration 

and finally 2, 000 to eslale crops in the 1980-1990 perlod (Table 19). 

Secondary effec ts resulling from the national transmigralion program 

(Transmigrasi) have not been included, because lhis kind of land use is 

predominanlly non-agricultural land use. The land consumption of 

shifling cultivators has to be included, as in Indonesia a large number 
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of this group of farmers is integrated into markets, while some of them 

are engaged in the production of export crops (Section IV. 2). The 

converted area of 68,000 sq km is very high relative to the total pro

ductive land, which was estimated to be 330,200 sq km in 1988 [ PAO, c, 

1989). Since those areas in the shifting cultivation cycle which presently 

lie fallow are only included in lhe first figure, lhe share of actually 

cultivated land in Indonesia's total area under agricultural produc tion 

cannot be estimated from these figures . As it has been noted above, lhe 

productivity of land In recenlly converted areas ranks subslantially 

below that of cultivated areas in Java. The value-added produced in 

converled areas is estimaled to reach only 28 percent of the value-added 

in non- forest areas. 1 Hence, agricultural value- added in converted tro

pical forest regions accounted for a maximum of 6 percent of lndonesia's 

total agricultural value- added in 1988. 
2 

However , this should be interpreled as the maximum rate, as the 

averages for the value- added in tropical forest regions given abov e are 

likely to include some non- forest areas as weil, while a large s hare of 

shifting cultivators are not likely to reach the average productivily in 

these regions. In addition, it has lo be laken into account that the 

1 

2 

In order to gain the same value-added as on 1 ha on Java, which is a 
non- forest region, producers need 2. 1 ha in Sumatra, 2. 7 ha in 
Sulawesi, 3. 9 ha in Kalimantan and 10. 7 ha in the Moluccas and Irian 
Jaya. lrian Jaya, Kalimantan and Sumatra accounl for 85 percenl of 
lndones ia's foresl lands [ Pearce et al. , pp. 91- 108) . In order to 
calculate an average produc tivily for tropical forest regions these 
figures of productivity were weighted with the percentage s hare in 
deforestation in the late seventies and early eighties, as it was derived 
from FAO/UNEP 11981). Accordingly, Sumatra accounted for 30 per · 
cent, Kalimantan for 55 percent, Sulawesi for 10 percent and the 
Moluccas and Iran Jaya for 5 percent. Thus, the average area needed 
in the outer islands to produce the same vnlue- added as o n 1 ha of 
land in Java is 3. 6 ha. Hence, the produclivity measured in 
value- added per ha is only 28 percent of the produc livity in 
non- forest . areas. _If one corrects lhe 68,000 sq km of forest - land 
converted mto agr1cultural holdings in the 1980- 1990 period for the 
lower productivity, it can be estimated that this area produces the 
same value- added as about 19,000 sq km of land in Java. 

Many market - oriented farmers in tropical forest areas especially those 
that have established their holdings under governme~l- induced seltle· 
ment programs, have access to fertilizers that can help to avoid or al 
least delay l?sses of productivily due to s oil erosion. As lhese agri· 
cultural . ~oldmgs may reveal only a comparatively small differential in 
produ

1
chvity measured in outpul per ha, the value-added per ha 

revea s more explanatory power. 
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productivity in tropical forest regions is likely to decrease after a few 

years of agricultural production. Since agriculture accoun.ted for a 

fourth of Indonesia's GDP in 1988, the share of production on tropical 

forest areas was probably lower than 2 percent. 

In Carneroon the loss of forest - land in the 1981- 1988 period tolalled 

8,800 sq km following Table 16. 1 In the 1981- 1988 period virtually all 

expansion of agricultural land had been fac ilitated by the conversion of 

tropical forests . Because of locational factors, livestock production did 

not expand into lropical forest areas. Thus, forest conversion led to an 

increase of arable land of 1,600 sq km and permanent cropping areas of 

280 sq km. The rest is due to fallow areas in the shifting cultivation 

cycle, which apparenlly is not fully reflected in the agriculturaJ land use 

categories of the FAO (Section IV. 2). Since data on regional differences 

in agricultural value- added are not ava.ilable, one has to resort to rather 

crude approximations of differences in land productivity. On average, 

the productivity in recently converted tropical forest areas can be 

assumed to reach 75 percent of the productivity in longstanding agri 

cultural lands. 2 Excluding the agricultural land which is used for 

livestock production, the total agricultural land in Cameroon added up to 

70,080 sq km in 1988 excluding land under shifting cultivation converted 

in the 1981-1988 period (Section IV. 2). As it was mentiond above, the 

tropical forest lands converted for agricultural use were 1,880 sq km in 

lhe 1981- 1988 period, which was 2 . 7 percent of Ca.meroon's total agri 

cultural land in 1988 excluding permanent pastures. If one takes inlo 

account that these 1, 880 sq km produce only roughly 75 percenl of the 

output that could have been produced on non- forest lands of the same 

size, the estimated sha.re of production on areas that have been con-

1 

2 

Hence, the yearly deforestation averages 1, 100 sq km. This figure 
whic h relies on official government statistics ra.nks between the FAO 
estimate for 1981- 1985 and Myers's estimate for 1989 which reported 
800 sq km and 2,000 sq km. 

According to field studies by Prinz ( 1987). the produc livily of wet 
paddy and maize in the Bamenda.highlands reaches 2,500 and 1,050 
kg / ha p. a ., res p ectively. Since the soils in lhe Western region are 
predominantly alluvial depos its or of volcanic origin, the produc tiv ity 
can be assumed to be twice a.s !arge as in other forest regions. This 
leads to an estimated average productivity of 75 percent, based on the 
assumption that SO percent of the converted areas are located in the 
Centre- South and East regions . 
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verted in the 1978 - 1988 period, in total agriculture excluding livestock is 

2_ 0 percent. Since agricultural activities accounted for 26 p e r cent of 

Cameroon's GDP in 1988, it seems like ly that agric ultural activities due 

to tropical fores t areas converted into agricultural land in the 1981- 1988 

period account for tess than one percent of Camer oon's GDP in 1988. 

Moreover, this seems to point to the fac t t h at the contribution of 

agricultural poduction on fores t areas converted in the 1981-1988 p e riod 

had only a marginal Impact on employment and e xpor t performance of 

Cameroon's economy. 

However, this does not inc lude t h e s hifting cultivation sector which 

plays an important r o te in the country 's agricultural production. More

over, this analysis involves some degree of arbitrariness, since forest s 

that had been converted to agr icultural holdings prior to 1981 are n ot 

included. Forest con ver sion in the 1971- 1980 period, however, was 

comparatively high r eaching 10, 900 sq km, of wh ich 4 , 600 sq km were 

due to the expansion of permanent crop a r eas and 3, 800 sq km to the 

increase of arable land. Hence, in the 1971- 1980 period, forest con 

ve r sion into agricultural land accounted for 9. 0 percent of produc tion in 

1988 using the method of estimat ion described above. Howeve r , t hese 

estimations do not take into account the loss of productivity caused by 

soil e r osion and thus should be interpreted with caution. 

In Brazil, it is mainly arable land a nd pastures that accounted for 

the highest shares in foresl conver sion for agricultural use. Conversion 

into agricultural land totalled 147, 100 sq km in the 1981- 1988 period and 

189,100 s q km for the 1971- 1980 period (Table 16). Thls is 5. 9 o r 7 . 6 

percent of the total area under agricultural use in 1988. The la rgest 

share of conversion, namely 77, 720 sq km in the 1981- 1988 period and 

93, 790 sq km in the 1971- 1980 period can be atlributed to the expansion 

of permanent paslures for extens ive catlle ranching . As these r anches 

make extensive use of agr icultural land their yearly outpul/ha ranges 

between 30- 50 kg/ha. By comparison, cattle ranc h es in Wes tern Europe 

range between 600-2, 500 kg/ha p. a . [ EK, 1990, p . 249] . Due to this 

extensive use of land the average density of catlle p opulation amounts lo 

only 1 h ead of cattle/ha. Since the number of cattle in Brazil was 
136- 814 million in 1988, the conversion of tropical forest areas in the 

1981- 1988 per iod (1971-1980 "od) • 8 per, accounted for approxunately 5. 
(6. 9) percent of total produclion. 

71 

Ho wever, this estirnation presumes that there is no loss of produc

tivity over time. However , productivity can only be ma.intained at its 

initial level, when ranchers make extensive use of fertilizers on the 

entire pasture land. This is a very strong assumpt.ion. Following FAO 

Production Statistics, the average productivity of Brazilian catlle ranches 

is only 0. 79 head of catlle/ha p . a. lt h as been reported that the pro

ductivity of Amazonian ranches decreases from 1. 0 head of cattle/ha p . a . 

to 0 . 3 head of cattle/ h a p . a. in the s ixth year of use. T aking account of 

such reductions in productivity the entire p icture changes. Accordingly, 

the pasture land converted in the 1981- 1988 (1971- 1988) period had a 

carr ying capacity of 5. 247 (7. 546) million h ead of cattle. 1 This cor 

respon ded to 3. 9 (5. 6) pe r cent of the catlle inventories of 1988. How

ever , these figures are based on official reports on area estimates of 
2 permane nt pastures. 

Given the extensive use of land, the- labour inte nsity of catlle 

ranching in the B razilian Amazon is quite low. Kohlhepp [ 1987] reports 

that farms of an average size of 12, 700 cattle need 52 workers, whic h 

corresponds on e work er per 178 ha or per 244 head of cattle. Hence, the 

work force e mployed in cattle ranches that had been established on 

forest lands converted in the 1981- 1988 (1971- 1988) period was 21. 5 

thousand ( 30. 9 thousand) or less than 0 . 1 percent of total employment in 

1988. 
3 

S ince catlle produclion in Brazil a n d especially in the Amazon 

1 
The carrying capacity of pastures in tropical forest areas has been 
~lculat~d by asssuming that product ivity is 1. 0 head of catlle/ha p . a . 
m t h e flrst year and dec reases to 0 . 8 in the second, 0 . 6 in the third, 
0. 5 in the fourlh , 0. 4 in the fiflh, and 0. 3 in the followin g years . 
This decline in produclivity is in line with observations cited in Sioli 
11985). 

2 

3 

In fact, Kohlhepp 11989] r e ports that the a r ea covered with permanent 
pastures was as large as 140,000 sq km in 1983, while t he total area 
controlled by ranches was 350,000 sq km Jeaving a !arge potential for 
furthe r land conversion. Taking into account an annual average con 
version of forests into paslure land of 9, 715 sq km p. a . (Table 16) for 
lhe e igh~ies, the con verted pas~u~~s were as large as 188, 575 sq km in 
1988 wh1ch corresponds lo an m1t1al carrying capacity of 8 . 84 million 
head of cattle/ha p . a. , assuming that the land had been converted in 
the 1971_-1988 per iod. Accounting for the decline in produc tivity in 
that per1od, lhe shar e of converted areas in to tal produc tion is about 
6. 6 percent of total production in 1988. 

These estirnations are confirmed by Kohlhepp [ 1987] . Accordingly, all 
catlle ranc h project s approved by S uperintendencia de Desenvolvimento 
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region is predominantly inward oriented, it does not contribute to the 

country'a forelgn exchange earnings. 

By contrast, the productive capacity of tropical foreat areaa 

converted into arable land and permanent cropping areas was more 

important compared to the total productive capacity or Brazilian 

agriculture. In the 1981-1988 (1971-1980) period the area converled into 

arable land and cropping areas was 69,380 (95,310) sq km, or which 

61,340 (77, fr70) were converted into arable land and 8,040 (17, 440) into 

perman.ent cropping areas (Table 16) . Hence, the areas converted into 

permanent cropping areas and arable land in the 1981- 1988 (1971- 1980) 

period accounted for 8. 8 ( 12. 1) percent or the respective total 

productive land in Brazil in 1988, which was 785,500 sq km. As agri

cullural productivity in tropical forest areas reaches on average a 

maximum or 83. 3
1 

percent of the productivity outside tropical forest 

areas, the productive capacity or tropical forest areas converled in the 

1981-1988 period (1971-1980 period) was 7.3 (10.1) percenl of lhe re

spective total production in Brazil 1988. These figures should be inter

preted as maximwn sharea, as the underlying assumption is lhal the 

rather high levels of productivity, as they can be obtained from Coy 

[19fr7), can be maintained for long periods of time. This , however, is a 

strong assumption, even if one lakes into accounl that market- oriented 

da Amaz.onia (SUDAM) until 1983 were to creale approximately 25,000 
jobs. 

1 
Data on agric~ltural productivily on converted tropical forest lands 
have been denved from Coy [ 19fr7), who has carried out a field study 
in RondoniA, where the bulk of the tropical forest areas converled into 
permanent pastures and arable land is localed. The yields on this 
areas were 1,504 kg/ha for rice, 1,466 for maize, 598 for beans, 
16,845 for maniok, 705 for coffee and 417 for cocoa in 1983/ 1984. 
These products, which cover the bulk of agricultural produclion in 
Rondoma, are cropped on an area covering 90 percent of total arable 
a~~ permanent_ cropping land. In order to calculate an average produc
ltv1ty for trop1cal forest areas, the yields given above were divided by 
the respective average yields for 19fr7- 1989, as they can be obtained 
r~~ t~e FAO _[c, 1989). These results show the ratio between produc
ltvi~y 10 trop1cal forest areas and average productivity in Brazil by 
vario~ pr_oducts. These product-specific ratios have been aggregated 
b?' we1g~tmg these ratios, which range between o. 74 and o. 78 for 
nce, ma~e, ~ffee and cocoa and between 1. 33 and 1. 37 for bean5 

a nd mamoc, wilh the respective percenlage share in total agric ultural 
abereat • as they are given in Coy [ 1987) . Accordingly the average ratio 

ween productivity in tro · 1 f • · ·t 
in Brazil is O. B3. ' pica orest areas and average produchvt Y 

13 

agrlcultural holdinga in Brazil can afford to uae fertillz.era to raille their 

productivlty. 

Slnce the ahare of agrlculture of GDP in Brazil wu u low u 9 

percent in 1988 (Table 15), there is reason lo uaume that farming and 

ranching on tropical forest areas converted in the 1981- 1988 (1971-1988) 

perlod accounted for less than 2 (3) percent of GDP in 1988. 

As the analysis of the three countriea hu shown, expanaion of 

agriculture into troplcal forest areas in the eighti.es hu not led to a 

substantiAl increase of agricultural output in theae countriea. The 

resulting increases in GDP resulting from this increase of agrlcultural 

production are comparatively low. Since it is not possible to obt.ain data 

on the product composition of agricultural production in tropical forest 

areas and their respective labour intensity, the economic significance of 

these activities in terms of their contribution to national employment and 

export performance cannot be assessed at this stage of the analysis. 

Given the rather low shares in total agricultural production and the Jack 

of developed infrastructure services in tropical forest areas, it can be 

assumed that the export share of production is relatively small in 

tropical forest areas compared to non- forest areas. However, this doea 

not apply for employment, as there is reason to assume that agricultural 

production in tropical forest areas is more labour-intensive than outside 

these areas. Nevertheless, given lhe rather low impact of forest con

version on agricultural outpul, lhe employment effects of forest con

version for agricultural production should be moderate. 

2. Shlfllng Cultlvatlon and Small-5cale Farmlng In Troplcal Forest Areas 

Following earlier studies on the causes of deforeslalion, shifting culti

vation in tropical countries is one of lhe main causes of deforestation 

[Seiler, Crutzen, 1980). lt has been estimated that in the eighties 

200-500 million people farm land in shifting cultivation syslems 

[ Larnprechl, 1986, p . 100). This agricultural sub-sector encompasses a 

very heterogenous group of farming systems with respect lo clearing 

method and cropp.ing system (for example, mixed cropping versus 

rotation) . Moreover, the length of the cropping pe.riod and its ratio to 

the fallow period varies widely across regions, depending on soil 
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characlerisllcs and clirnalic condilions I for example, sec Rulhenberg, 

1980, Ch. 3). In the hwnid tropics, lhe land regenerales for len years 

or more (foresl fallow) afler one lo lhree years of cropping . High 

growlh rales of the rural populalion and lhe inlegralion inlo regional 

and international markels have given incentlves lo shorlen the fallow 

periods. Hence, a gradUAI lransilion to permanent cropping syslems (for 

example, rubber, cocoa, palm eil) has laken place, especially in West 

Africa and continenlal South Easl Asia. In some regions, for example, in 

Indonesia, the higher farming inlensily has led lo lhe savannizalion of 

large areas. 

As il can be oblained from Table 20, which is based an FAO esti-

mations, more lhan two million of sq km of land in closed forest regions 

(foresl fallow) are part of the shifting cullivation cycle, which is the 
1 

equivalent of about one-fifth of lhe lropical c losed foresl area. Every 

year, lhis area is increased by 1-2 percent on lhe global level with 

relallvely high growlh rates in Thailand, Nigeria, Cenlral America, and 

lhe Andean region. In absolute lerms, the largest areas of newly de

forested land can be found in lndonesia, followed by Brazil, Mexico, 

Colombia, Ivory Coast and Nigeria. 

Following the figures in lhe last column of Table 20, a high share 

of deforeslalion in c losed forests can be allribuled lo shifting culli

valors . For all the counlries lisled, lhe share nmches 47 percenl, while 

there are extreme variations belween individUAI countries. On average, 

the share is above 80 percenl in African counlries, and quile low in 

Latin America. Par inslance, in Brazil, Costa Rica, Guatemala, 

Honduras, Panama and Venezuela shifting cultivalors contributed even 

less than a fourlh lo lropical deforestalion In conlrast lo Bolivla, 

EcUAdor and the Guyanas, where lhe share exceeded 60 percenl. In 

Thailand and Sri Lanka, however, lhe share was only aboul 20 percenl. 

In Amazonia, s hifling cullivalors producing for their own con

sumption or regional markels, usually harvesl rice, beans, manioc, 

polaloes and onions. Moreover, some of lhese small holdings managed by 

shifllng culllvalors in Amazonia can afford lo raise pigs or caltle for 

milk produclion I Kohlhepp, 1989) . The majorily of shifling cullivalors in 

1 In ~ddili~n, more lhan one million of sq km of land in humid savannah 
reg1ons JS concerned by shifling cullivalion (bush fallow), especially 
in Brazil and West Africa. 
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Table 20 - Deforestalion of Closed Porests Caused by Shifling 
Cultivation, 1981-1985 

Belize 
Bolivia 
Brazil 
Colombia 
Co1ta lUca 
Ecuador 
Guatemala 
Guyana 
Honduras 
Hexico 
Nicaragua 
Panama 
Peru 
Suriname 
Venezuela 
Cameroon 
Central African 

Republic 
Congo 
Gabon 
Ghana 
Guinea 
Ivory Coast 
Liberia 
Nigeria 
Si erra Leone 
Zaire 
Bangladesh 
Burma 
lndonesia 
Kampuchea 
Laos 
Malaysia 
Sri Lanka 
Thailand 
Vietnam 

Total 

Land in the 
shifting 
cultivation 
cycle(a), 
1980 

1000 sq km 

5. 3 
11.0 

464.2 
85.0 
1.2 

23.5 
3.6 
2.0 
6.8 

260.0 
13.7 
1.2 

53.5 
2,7 

106,5 
49.0 

3,0 
11.0 
15.0 
65.0 
16.0 
84.0 
55.0 
77 .5 
38.6 
78.0 
3.2 

181.0 
134.6 

2.0 
50.0 
48.3 
8.5 
8.0 

107.5 

2075.4 

Closed forests nevly deforested for 
shifting cultivations (annual average)(b) 

sq km 

64 
600 

3400 
3000 

60 
2100 

120 
20 

220 
3200 

380 
70 

1140 
20 

260 
760 

50 
200 
150 
180 
300 

2630 
340 

2500 
40 

1500 
50 

950 
4000 

120 
800 

1290 
130 
400 
650 

31694 

in percent of 
forest fallow 
area, 1980 

1.2 
5.5 
0.7 
3.5 
5.0 
8.9 
3.3 
1.0 
0.1 
1.2 
2.8 
5.8 
2.1 
0.7 
0.2 
1.6 

1. 7 
1.8 
1.0 
0.3 
l. 9 
3.1 
0.6 
3.2 
0.1 
1.9 
1.6 
0.5 
3.0 
6.0 
1.4 
2.7 
l,5 
5.0 
0.6 

1.5 

in percent of 
total defor
estation of 
closed forests 

71.l 
69.0 
23.0 
36.6 
9.2 

61.8 
1 3.3 
80.0 
24.4 
53.8 
ll.4 
19.4 
42.2 
80.0 
20.8 
95.0 

100.0 
90.9 

100.0 
81.8 
83.3 
88. 9 
73.9 
83.3 
66.7 
83.3 
62.5 
90 . 5 
66.7 
48.0 
80.0 
50.6 
22.4 
16.3 

100.0 

46.5 

(a) Area of young secondary forest (forest fallow) in cl osed forest 
area. - (b) Approximated by the increase of forest fallows. 

Source: FAO/UNEP [ 1981); Molofsky et al. [ 1986); own calculalions. 
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thc Amazon region comprise selUers from olher pM"tS of the oounlry. ln 

reoenl ye<U'S tropioal foresl arMS have been subjeol lo oonsiderable 

invnigration flows, lhus conlribuling to lhe destruotlon cf lroploal rain 

foresls. There are several reasons for these mlgralion flows, namely 

govcrnment- induced seltlemenl programs, uneven dislribullon of agri· 

oullural land, orowding-out of small farmers on non- forest areas as a 

result of meohanizallon of agriculturc as well as rising populallon growth 

in both rural and urban a.reas. Thc number of these shlfllng cultivators 

has been growlng, thus leading to a growing consumption of new agrl· 

oultural land. 

For Brazll, the conlributlon of shlfting oulllvators is reporled as 

23. O percent, while lhe total share of agriculture as reporled in Table 16 

was 75. 7 percenl for the 1981-1988 period. Taking account of lhe fact 

lhal non-agricultural sectors had been in cha.rge of roughly 7 percenl in 

the same perlod, lhe maximum deforestation due to unofficial shifling 

oultivalors was about 15 percenl. This is supporled by a study by 

Fearnside [ 1990), who reports lhal tradilional shifling cultivalion as 

practiced by some indigenous people and small farmers is only a minor 

faclor of deforeslation in BrazU, while il is ma.inly lhe pioneer agri · 

culture engaging in slash-and- burn on sizeable lropical forest areas. The 

!aller, however, has already been included in our eslimations in lhe 

preceding sectlon. 

By contrast, shiftlng cultivation systems in the outer islands of 

Indonesia are extremely diverse and a.re used by a very broad spectrum 

of farmers encompassing all of lndonesia's ethnic and language groups. 

They include sedentary fa.rmers engaging in marginal shifling cull ivalion, 

spontaneous irnmigrants seeking land for permanent agrlc u lture and 

indigenous people employed in more tradilional s lash-and- bW:n praclices. 

These smallholder s hifling cultlvators grow most of Indonesia's pepper. 

coffee, coconuts and rubber I Dove, 1985; Pearce el al. , 1990) . The 

number of shifting cultivators has been steadily growing which is due lo 

lhree faclors . First, lhe Transmigrasi seltlement program brought a 

large number of farmers into lropical forest areas (Seclion IV. 4) . As 

many of lhese farmers experienced a dec line of produc livily on the land 

provided by the government, lhe selllers inofficially expanded inlo new 

foresl areas. Second, lhe extent of spontaneous m.igration to tropie&l 

forest areas has been lncreasing in the wake of the transmigration 

n 

program (Seollon rv. 3) . Thlrd, lhe populatlon of lndlgenous people 

engaging in lradltlonal shifling oultivation is growing as a result of lhe 

inoreaso in Ufe expeotanoy. In lndonesia, approximately 1 mlllion fam.ilies 

out of 12- 13 mllllon house holds on the outcr islands dopend primarily on 

shlftlng c ulllvatlon and farm approximalely 7. 3 mllllon ha I Pea.rce et aJ. , 

1990, p . 101) . Given an average family size of S persons, the populalion 

depending on shlfllng cuJllvatlon was at least 5 mllllon, which w.s 2. 9 

peroent of Indonesia's total populallon of 172 million and 7 . S percent of 

lhe populatlon on lhe outer islands in 1987, where almost 97 percent of 

Jndonosia's troplcal rain forests aro localed. 1 T his is above the regional 

avo.rago for Asia, whero shifting cultivalors have been eslimated to 

account for 2 percenl of lhe total population in 1980 [ Scholz, 1988) . 

Many of these shifling cuHivation syslems, pM"licularly developed by 

indlgenous populations, Cl\ll remain susta1nable unless populalion ex· 

pands. 
Accordlng to the FAO/UNEP study, in Jndonesia roughly two-thirds 

of deforestallon was due to the shifHng cullivation sector (Table 20) . 

Tois is confirmed by anolher study, which reports a share of 59 percent 

for lhe 1980- 1990 period (Table 19) . 

In Cameroon, small fa.rmers and shifling cuJtivators engage in a 

variety of activilies namely hunting, farm.ing and Umber production. The 

reason !s thal most of the shifting cultivators in C4meroon's lropical 

forests are indigenous people. Accordlng to lheir tradition women are in 

charge of crop productlon, while men engage in the clearing of forests 

for agricuJtural use and non-agricuJtural aclivilies I Prinz, 1987) . Ac

cording to Ru.itenbeek [ 1990), 34 percenl of household income in West 

Cameroon is due lo the produotion of cash crops, while forest products 

account for 29 percent, hunllng and lrapping for 21 percent. Forest 

farm.ing occurs bolh from the clearing of land in lhe tradilional bush· 

fallow farming manner , as weil as direc t galhering of forest produc ts for 

both subsistence and cash. 

Deforestalion due to shifting cultivators in Carneroon is 95 percent 

following Table 20. lt has lo be mentioned, however, lhat a !arge share 

1 Population data have been obtained from Pearce et al. 11990) . The 
average populalion s ize of 5 has bee n taken as a yardstick, as the 
averago family size of the transmigralion people ranges between 4 and 
5 [ Blro Pusat Statistik, 1987) . 
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of these shifling cullivators seem lo belang to lhe market- orienled 

sector. Table 16 reports thal 77. 2 percent of conversion was officially 

allribuled to the agricultural sector in the 1971-1980 period. In the 

1981- 1988 period this share declined to 21. 4 percent, which seems lo 

indiCAte that in the 1981-1988 period shifting cullivation was not sub

sumed under arable land in the government slatislics. Hence, the share 

of tropi=l forest areas converted in the 1981- 1988 period should be 

CArefully r evised taking inlo accounl lhe shifling cullivalion areas. 

Assuming an Mnual conversion of 760 sq km {as reported in Table 20) 

for the 1981- 1988 period, the entire area added lo lhe shifling culti

vation cycle is 6,080 sq km. Assuming an average cultivation period of 

three years, the total agricullural area including shifling cultivations 

was 72,360 sq km in 1988 afler revision. Hence, the share of tropiCAl 

forest areas converted to shifting cultivations in 1981-1988 in total 

agricultural lMd in 1988 was three percent, if one disregards fallow 

areas. This is to say, that lhe produclive CApacity of these shifling 

cultivations reached about three percent of the productive capacity in 

1988. 

However, the estimates given in Table 20 have to be interpreted 

with CAution. First of all, the separation of young secondary forests 

{foresl fallow) from mature ones is rather vague in practice, especially 

in regions where mixed cropping systems with lree crops prevail. More

over, even though remote sensing and satellile technology can reveal 

slash-and-burn parcells, as they are typiCAI for shifting cultivators, 

clearing by burning is not only due lo shifting cultivators bul all olher 

uses of tropiCAI rain forests except Jogging. Hence, there is reason to 

assume that forest clearing for pastures, permanent agriculture and 

plMtations are attribuled to shifling cultivations, if the res ulling in · 

crease of agricultural land is not recorded in official s tatistics. This, of 

course, leads to An overestimation of the shifling cultlvalors role in 

deforeslalion I Scholz, 1988, p . 211 ) . 

In addition, it has to be noled lhat a !arge share of the foresl 

areas cleared by shifting cultivators have been degradated before by 

loggers or the produotlon of infrastructure. Glven the conceptual 

problems and lhe lack of dala lt is not posslble lo quanlify exac tly the 

degree of thls joint use on lhe country level for all countries given in 

Table 20. As Figure 1 in Chapler III shows, there is a wide range of 
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overlapping with respect to forest areas lhat have been under use by 

shifting cultivators and the foreslry sector in tropiCAI counlri.es. In 

lndonesia, the total loss of foresls due to shiftlng cultivalors has been 

estimated to be 50, 000 sq km or 59 percent of total deforestalion for the 

1980- 1990 period {Table 19). However , 8, 000 sq km of this area had 

already been Jogged over. lf this proporlion is solely attributed lo the 

forestry sector, the shifting cultivation seclor ends up with a reduced 

rate of 42, 000 sq km which accounts for 49 percent of total defor

estation . 
1 

Summing up, it CAn be presumed that a large part of the so-called 

shiftlng cultivation sector in lndonesia, Cameroon Md Brazil is inte

grated into regional or even international markets Md that only a 

minority engages in pure subsistence farming . Hence, economic policy 

measures impact on this agricullural subsector in nearly the same way as 

lt has been Malyzed in the preceding seclion for permanent agriculture. 

The need for newly c leared areas in closed primary for ests does not 

only arise from high population growth. Soil degradation due to the 

shortening of fallow periods Md limited access of the IMdless to arable 

land are other importanl CAuses. Por this reason , more attention should 

be paid to the introduction of suslainable high yield farming systems 

( for example, agroforestry systems). 

3. Settlement Programs In Troplcal Forest Areas 

The growing sCArcity of agricultural land has led to both planned and 

unplanned {or sponlaneous) migration into tropiCAI forest areas . Usually, 

land conversion due to unplanned agricultural colonizalion substantially 

exceeds the land subject to government-induced migration programs. 

While in many Asian countries such government programs have already 

1 Moreover, lhere is some indiCAtion lhat there is a cooperalion bet ween 
shifting cultivators a nd landlords that cannol afford to violate foreslry 
regulalions or regard the clearing of foresls as an unprofilable 
business. In Thailand, for instance, it has been recorded lhat land
lords offer parts of their lropical foresl land lo shifting c ultivators, 
since they CAnnot be legally proseculed in case of an illegal clearing of 
forests . As a result, shifting cultivalors may clear lhese foresls areas, 
while the landlord takes over the agricullural production afler four 
years ( Scholz, 1988, p. 214] . 
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been initiated in the fifties and the sixties, for example, the "Grow More 

Food" CAmpaign in lndia and the "Land for the Landless" program in lhe 

Philippines, the colonization of lndonesian tropical forests has not gone 

far yet, since both planned and unplanned migration flows have not been 

substantial before 1980 [ Scholz, 1988] . Since it is not possible to discuss 

all migration programs implemented in tropical forest areas, the following 

assessment of these programs will be confined to Brazil, lndonesia and 

Malaysia, as in these countries major settlement programs have been 

initiated. In most African countries, migration into tropical forest areas 

was not government-induced in the sense thal the administralion planned 

the colonization of tropical forest areas. Migration in Africa is mostly 

unplanned and intra- regional [ Ruitenbeek, 1990). Hence, the rise of 

population pressure and deforestation in Africa's tropical rain forests 

cannot be attributed to governmental intervention. 

Li.ke in many tropical countries the Brazilian government considers 

its tropical forest areas as an important location for the relief of over

populated urban areas and as a politically more acceptable option than 

the reform of the traditional agricultural lands elsewhere in Brazil. 

Hence, the crealion of publlc settlements along the Transamazonia high

way and the gradual moving of the agricultural production frontier is 

seen as an alternative migration strategy to the city-ward movement of 

the people in the southern part of the country. 

Nevertheless, Brazil's governmenl-induced migration programs have 

not played a leading rote in the colonization of Amazonia. The process of 

colonization in the Amazon region actually began in 1964 due to direct 

government incentives for private companies and developing the infra

structure, particularly lhe road n etwork. Considerable impetus to the 

construc tion of lhe road network was provided by the national inte

gration program, established in 1970, whic h made resources available for 
the construction of roads in lhe 1970-1975 period including the Trans

amazonia highway connecting Amazonia with the North-South h ig hway. A 
20 km strip on elther sides of lhe highways was reserved for agri

cultural settlement projec ts. To carry out the settlement program, the 

National Institute for Colonizat1•0 n -~d ( INCRA), ~• Agrarian Reform 
established a network of new villages, lowns and cities at predetermined 
locations along the highway and 

demarcated 100 ha farmlots nearby. 
Initially there was also a t t . 

s ra eg1c mililary interest in affirming Brazilian 
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sovereignty over Amazonian territory. In addition to these infrastructure 

programs, a new strategy aiming at private capital was adopted in 1967 

which was termed "Operac!o Amazönia". The responsible development 

agency, SUDAM, provided a pac kage of attractivc lax exemptions for 

establishments producing raw materials such as cattle meat, minerals and 

Umber, including the respective related industries. But SUDAM 

continued to have little planning control, and discrepancies between 

planning and control became apparent I Morgan, 1988] . 

In the eighties, it was mainly thc Polonoreste-Program which 

brought settlers to Rondonia and the northwestern part of Malo Grosso. 

This program aimed al the lower-income rural population in South and 

Southcast Brazil and was supportcd by thc World Bank. Until 1985, only 

44, ooo families scttied down in Rondonia, while 48,000 families were given 

either temporary or permanent land titles. Duc to this small nu.mber the 

impac t on reducing rural population pressure in the rest of Brazil has 

becn largely superficial. The number of official scttlcrs contrasts sharply 

with the total number of settlers which had averaged 150,000 p . a. 

during the eightics [ Kohlhepp, 1989) . lt has bcen reported that many of 

thcse pioneer settlcments have already been abandoned and transformed 

into cattle pastures [ Morgan, 1988] . lt has been estimated, however, 

that the semi-directed and directed programs in Rondonia were re

sponsible for 6 . 6 percent for the forest area altered in Legal Amazon 

[Binswanger, 1987] . 

Anothcr form of government- induced migration is the construction of 

roads opening up rain forest areas for settlers. While large cooperations 

and landlords have enough capital to bui.ld their own roads into the 

forests , small farmers need to stick close to public roads for access to 

health, education and marketing facilities . The major part of thc road 

system in the Brazilian Amazon was built in the 1970- 1980 period. lt was 

not only the federal government which was in charge of this policy, as 

the construction of state and local roads had the highest s hare in the 

expansion of the road system. On average 1 km of fede ral road con

struction was accompanied by 2 km of state and local road construction. 

The direct impact of road construction was relatively small, namely less 

than 1, 000 sq km in the 1970- 1985 pe riod. However, indirect impacts on 

deforestation, i. e. . the land conversion for agricultural use along the 
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roads can be considerable. 1 lf the government continues to reserve 40 

km along all federal roads bullt in the 1970-1985 period for agricultural 

holdings the converted area will amount to 332, 000 sq km, which is 5. 8 
• . 2 

percent of Brazil's total forest area m 1980. 

In Malaysia most planned settlements have been initiated by the 

Federal Land Development Authority (FELDA), which has been described 

as a state within the state ( Morgan, 1988), because of ils !arge endow

ment with capilal and modern technical resources. FELDA's aclivities 

were fostered by the more agressive role of t he governmenl in utilizing 

agricultural expansion as a means of achieving bolh economic and social 

obje<:tives. One achievement of the resettlement schemes has been that 

the !arge plantations no longer control the great part of palm oil 

production. From 1971 to 1975, FELDA developed 52 percenl of the newly 

cleared land in Peninsular Malaysia. The settlement schemes involve a 

high degree of supervision at all stages of the programs including the 

creation of a system of central settlements and infrastructure. Settlers 

are only brought in lropical forest areas afler primary or secondar y 

forests have been cleared, the crops, moslly oil palm or rubber, have 

been planled, houses built, social infraslruclure prepared and basic 

maintenance carried out. In 1981, approximately 300,000 people or 8 

percent of the population had been relocated in West Malaysia [ Morgan, 
1988). 

Likewise, colonization in Sarawak is fostered through major infra

structure programs. The so-called "integrated rural development 

projects• provide a framework for the expansion of agricultural land and 

1 
Assuming an average slrip of 50 m for federal highways and 30 m for 
s late and local highways, lhe total deforeslation caused by the road 
system of 25,000 km built In lhe 1970- 1985 [Mahar, 1989) period adds 
up lo 5~ sq km for state and local highways and 417 for sq km for 
federal h_ighw~ys in lh? 1970- 1980 period. Deforestation in the 1980-
l985 _penod 1s predominanlly caused by state and loca l roads ac
cou~tn;,g .f~rb 60 sq km. However, lhis analysis does not include private 
rc;; ~ ui Y private companies. A large share of these companies can 

2 
a or to construct lheir own link to the publlc road syste m. 

lt can be assumed thal on average 1 km h , · d 
1s converted · l . on eac s 1de of publtc roa s 
S

. . th 10 0 agricultural use. This is probably a lower margin 
mce m e case of the Tra • . · • 

side of th d nsamazoma h1ghway a 20 km strip on each 
Hence roa~ ::Oo;;st w7- allocated lo agricultural use I Mahar • 1989). 
1985 ~riod. ruc ion may have led to 50,000 sq km in lhe 1970-
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the establishment of villages and small towns in tropical forest areas. 

The first stage of the project, the Bintulu Miri Long Project, envisages 

to establish agricultural holdings for rubber and oil palms covering 

14,000 sq km, of which only 770 sq km had been c leared in the 1971-

1980 period and 170 sq km in the 1981- 1985 period I Schätz!, Piening, 

1988). This, however, compares very low to total deforestation which 

was estimated to be 2,550 sq km p . a . in the 1981-1985 period [Lanly, 

1982). 
In the same vein, Indonesia faces increasing demographic and 

economic pressures to open up forest lands. Indonesia's populalion is not 

evenly dislributed, as approximately 60 percenl of the total population 

were concentrated on the so-called inner islands of Java and Bali in 1987 

( Pearce et aJ., 1990). Hence, the population density on these islands 

reached 800 and 500 people/sq km against 15 and 3 in Kalimantan and 

Irian Jaya. The outer islands with nearly 40 percent of the population 

and 97 percent of Indonesia's forests have only 5 percent of the land in 

sedentary agricullure, while the level of industrializalion ranges by far 

below the national average. Consequently, extensive agricultural devel

opment continues to be the maln source of additional employmenl in the 

outer islands. On top of that, the relative land abundance on the outer 

islands spurs both spontaneous and offic ial migration of poor under

capitalized labour from Java and other inner islands. Both the offic ial 

transmigration policy, which is known as the Transmigrasi Program and 

spontaneous migration have been responsible for significant migration. As 

Table 19 shows, the colonization of forest areas on the outer islands had 

become a major source of deforestation in the eighties reaching 23 

percent of total deforestalion, of which 7 percent was due to sponsored 

settlements, 4 percent accounted for secondary development associated 

with these planned settlement programs, while the lion's share of 12 

percent can be attrlbuted to spontaneous or unplanned migration. Hence, 

llke in Brazll, unplanned migralion accounts for a higher share than 

government- induced migralion programs. 

Since 1979, around 535,000 families have been resetlled in the outer 

islands of Indonesia I Pasbender, Erbe, 19891. of which 366, 000 were due 

lo planned migration and 123, 000 to spontaneous migration. The majority 

of the official migrants, namely 62. 1 percent, setlled down in Swnatra, 

while Kalimantan accounted for 19, Sulawesi for 12, Irian Jaya for 4 and 
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r 3 t By the end of the eighties, it is estimaled the Moluccas or percen . 

1 mlll. h h•ve been converted to agricultural land for that about 10n a ~ 

lransmigration (Table 19). The high costs of the program (USS 9, 000/ 

family), lhe lack of suitable sites as weil as the reluctance of donors to 

support the program has meant lhat lransmigration was virtually slopped 

in 1986. However, the ending of official transmigralion has nol slopped 

spontaneous migration to the outer islands. In lhe wake of the Trans

migrasi Program, there was a steady increase in sponlaneous migration. 

In the 1979/1980 period 21,000 families were resettled under the Trans

migrasi Program, while only 2,000 families were spontaneous seltlers. As 

the spontaneous migration gained momentum, the number of families 

resettled under the governmenl program feil behind sponlaneous 

migralion in the 1983/1984 period, when 94, 000 official settlers and 

123,000 spontaneous migrants were recorded I Fasbender, Erbe, 19891. lt 

has been estimated that spontaneous migralion had converted another 

1, 000 sq km p . a. of forest area to agricultural produclion in lhe 1980-

1990 period, which compares very high lo sponsored lransmigralion 

which accounted for 900 sq km deforestation p. a. in lhe same period 

(Table 19). Recent sludies suggesl lhat there is little support and 

facilities for spontaneous migrants in the outer islands. Consequenlly, 

these migrants are more likely to depend on converting new areas than 

sponsored transmigrants [ World Bank, 1986), as without instruclion 

these settlers are unfamiliar with the outer islands, thus leading to less 

sustainable and more destruclive shifling cullivation. Hence, increased 

unplanned migration to the outer islands may actually exacerbate rather 

than retard forest conversion. 

The increasing speed of agricultural colonization in tropical forest 

areas has been affecled by technical improvements in the agricultural 

sector. On the one hand, lhe availabilily of motor-driven saws has 

facilitated lhe clearing of sizeable forest areas in a shorl period of tl.me. 

On the olher hand, even small farmers can afford to renl agricultural 

machinery like tractors, lhus increasing the land one peasant family is 

able to manage [ Scholz, 1988). 

In addition, the high population growth teading to an increased 

demand of agricultural land, especially in tropical foresl areas has been 

identified as one of the crucial causes of deforestation ( Allen, Barnes, 

1985; Palo et al., 1987). However, this should nol lead lo the conclusion 
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thal in general high population growth must inevitably lead to an ex

pansion into tropical forests, even if the country has no land reserves 

outside tropical forest areas, since agricultural products can be provided 

without further expansion. Basically, agricultural production can be 

made more productive by using improved methods of cropping and 

modern agricultural technology. Moreover, the productivity of land can 

be increased, when the unequal distribution of land in many lropical 

countries is changed. In many tropical countries, !arge landlords a.ccount 

for a high share of potential agricultural land. Some of these landlords 

can afford to underutilize that land in lhe sense that parls of their land 

is left idle, while other parts were cultivated extensively I Todaro, 1989, 

3,...,..1 If these hidden land reserves are utilized, agricullural pp. 304- v, . 

production could increase without further expansion into forest areas. 

This, however, requires a land reform and a redistribution of unused 

land. Furthermore, the supply of food to the population can be comple

mented by substituting export crop production for food crop production 

and by allowing for imporls of agricultural products. 

4. The Role of Agrtcuttural Pollcles and Land Tenure Systems 

As the previous section has shown, government policies impact on the 

clearing of tropical forest areas for agricultural production. Besides 

settlement programs, agricultural policies provide many incentives or 

disincentives for individuals to start or increase production in tropical 

forest areas. Basically, there are lwo ways of discriminating in favour of 

producers in tropical forest areas. On the one hand, the government 

may provide regional incentives schemes that accrue to producers in 

tropical forest areas . As the soil in most tropical forest areas is of 

relatively poor quality this kind of discrimination against the agricultural 

seclor outside forests may lead to an expansion of production into forest 

areas. On the other hand, the government can discriminate among 

sectors. This discrimination among sectors can favour or lax industries 

which strongly e.xpand into tropical forest areas. lf government 

regulations discriminate against these industries, their investment 

activities and growth prospects are likely to lose momentum bolh in 
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forest and in non-forest areas. The opposite holds true, when govern

ment policies discriminate in favour of lhese industries. 

The firsl calegory of policy measures is subjecl to regional policy 

frameworks, as they have been partly discussed in the last section. 

There are several examples of discrimination among regions, for example, 

subsidization of setllers in tropical fores t areas, as il has been dis

cussed in lhe last section, or lhe subsidization of agriculture and 

manufacturing industries in the Brazilian Amazon. Until recently, enter

prises in Brazil's Amazon region were given lax exemptions for both 

agricultural and non-agricullural profils. Over lhe period 1965 lo 1983 

direcl lax credit subsidies worlh US$1. 4 billion were granled lo 808 

exisling and new private investmenl projecls, of which 35 percent wenl 

lo 59 induslrial wood producers (mainly saw mills) and over 42 percenl 

lo 469 liveslock projecls producing mainly cattle beef [ Pearce et al. , 

1990, p. 201). 

Especially a number of la rge-scale companies including some mulli

nalionals look advantage of this regulation and established caltle ranches 

in Amazonia, as the lax system crealed benefils even for lhe companies ' 

activilies outside the Amazon area. In 1983, the ranches under lhis tax 

incenlive scheme covered 90, 000 sq km [ Kohlhepp, 1989). However, il 

has to be noted thal only a lhird of a ll ranches look advanlage of lhis 

regulalion, as the total area covered wilh ranches was eslimaled lo 

amount to 350,000 sq km (Seclion IV. 1). Neverlheless , lhese subsidized 

caltle projecls which have an average size of 49,500 ha againsl 9,300 ha 

in non-subsidized ranches, are eslimaled lo have caused over 26 percenl 

of a ll foresl cover alleration from 1972 lo 1980 [ Pearce et al. , 1990, p . 

2011 • Hence, lhe subsidized ranch projecls not only have a grealer 

financial capaclty lo clear foresl, bul they also cover !arger foresl 

areas. Financial analysis of lypical subsidized ranches reveal lhal 

withoul lhe s ubsidies lhe ranches would produce a nel loss [ ibid. , 
p. 202; Repetlo, 1988] . 

Beside lhese regional incenlive schemes, governments t e nd to 

discriminale among seclors. This discriminalion can creale incenlives for 

lhose sec.lors using lropical forest resources. There are a variely of 

policy inslruments that can create an incentive scheme which is biased 

towards some sectors of the economy, 1 t · 1 II name y axes tnc uding a owances 
and exemptions, trade barriers, subsidies, land a llocations, price 

s:7 

regulations, supply of preferenlial loans and cosUess infrastructure 

services, preferential treatment with respect to imported inputs, etc. 

Though it is n ot possible lo include all these policy instruments in 

some overall measures of prolection, the effective rate of protection, u 

it is given in Table 21 for some agricultural products in selected tropical 

countries, yields some Information on the discrimination among sectors. 1 

As the rales for BrazU and the Soulh-East Asian countries show, 

the government discriminated against a number of producers of agricul

tural commodities. While some sectors show even negative rates of 

effective protection, the rates of protection were usUAlly below the 

average rates of the whole economy or those of the manufacturing 

sector. Hence, factors of production, i. e. , capital and labour, have been 

rather attracted by manufacturing industries which featured more 

profitable investment opportunities given the prevailing structure of 

prolection. 

However, not all agricultural 

to the manufacturing industry. 

products were discriminated compared 

In Indonesia and Thailand livestock 

production, slaughtering and meal produclion were highly protected. 

Since livestock production makes extensive use of agricultural land in 

most tropical countries, such a discrimination among agricultural 

products is likely to increase lhe demand for agricultural land and cause 

more deforestation than one would have expected under a neutral in

centive scheme. Moreover, some foodcrops are heavily protected like rice 

in Zaire and Malaysia
2 

as weil as maize in Nigeria. These differential 

incentives are quite important, since farmers respond more to differ

entials among 11.gricultural producls lhan lo overall discrimination againsl 

agricullure, because it is easier to shifl land and olher resources from 

one crop to anolher lhan it is lo wilhdraw from agriculture I Askari, 

Gummings, 1976; Bale, Lutz, 1981). 

As most developing countries discriminate against export crops, 

deforestation and soil erosion increases, because exporl crops with some 

exceptions as groundnuts and cotlon tend lo be less dangerous to soils 

1 
All rates given in the table are calculated by us~g ~plicit rates ~f 
protection, which is the ratio between the domesltc pnce of an agri
cultural commodity and the respeclive import price in lhe country. 

2 
For the case of Malaysia, see Krueger et al. 11988), where a different 
proteclion indicator is applied. 
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Table 21 - Effective Prolection in Agricullure and Processing of Agri
cullural Goods in Selecled Tropical Countries, 1978-1985 (a) 

lndonuia I Philippin111 Thailand Malay■ia Bradl Nigeria I Zaire 

Agricul ture 
Coconut1 
Cocoa 
Haize 
Rice 

Hanufacturing 
Heat proceuing 
Dairy producta 
Canned fruita 
Pal.m oil 
Other vogotable 
oil 

Plour 
llica aulling 
Tapioca 
Coffu 
Anl.aal food 
Tobacco pro-
cauing 

Rubber ahoata 

56 
59 
15 

" 13 

44 
-2 
- 1 
-1 
22 

u 
-11 

1980 

' -7 
4 

36 
14 
so 
15 

42 
804 
-2 

,o 
91 

1978 

29(b) 

49 S4 
71 20 
29 S9 

-'6 22 
10 -75 

148 0 
-7 0 
-1 -1 
59 -11 

- 11 -1 

-35 · 1' 

1985 

-15 

-27 

29 
-36 
89 

448 

50 
46 

-60 
-32 

- 80 
93 

114 
247 

59 

- 29(d) 

1 

34(C) 

1982 

-10 
53 

-61 

<•) Due to differenceo in national input-output codea, 
above can diaplay differoncu acrou countriu . _ (b) the product categoriea liated 
average , 1973. • (c) 1981 , - (d) 1970/76 

Source: Akras Ajan [ 
0 

„ anee, ant 1986); Amelung, Seil [ 1991) · 
ye!1de 11986); Pangestu, Boediono [ 1986) · • 

Tsh1baka 11986). • 

Hock [ 1986); 
Tan ( 1986] ; 

than basic food c rops . 

coffee , rubber, palm oll 
Moreover, many t expor crops, i. e. , cocoa, 

and bananas grow on trees and bushes lhal 
provide continuous canopy cover and root t t s ruc ure. 

Hence, it is not only the d ' imi . 
iscr nalion of the agricultural seclor 

compared to the manufacturing sector lhat deternun· es the level of agrl· 
c ultural production and thus lhe demand 

for agricultural land. In the 
same vein, the discrimlnation among agricultural products especially 
agains t those that are less land consum.;~g • 

"' may resuJt in an increased 
demand for agrlcultural land th f . 

• US ostering deforestation. 
In Brazil, which was the eo t . 

un ry revealmg the highesl rales of 
agrlc ultural converslon In the . . 

eighhes, a ll agrlculturaJ producls suffered 
from substantial discrimlnalion e t f . 

xcep or dairy producls as weil as 
pcultry and eggs, which are 
d . not large land consumers and not pre· 

ommant in tropical forest areas . . 
· Th1s ra1ses the question whether a 
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reduction of lhls dlscrimlnation against the agriculluraJ sector as a 

whole, as lt has been stipulated by trade liberalizalion programs in many 

developing counlrles, increases the demand for agricultural land and 

thus the populatlon pressure in tropical forests. In theory, a reduction 

of the dlscrimination against lhe agricultural sector results in increased 

profilability of agric ultural production, thus altracting both capilal and 

labour , whlc h is presently engaged in the manufacturing seclor or in the 

case of labour remains unemployed in urban areas. Basically, such an 

adjuslment can be expected to raise the welfare of the counlry. Never

theless, the demand for land will rise both in tropicaJ forests as weil as 

outside these areas. This may cause additional c learing of forest land. 

However, this positive relationship bet ween abolishing discrimination 

against agric ulture and deforestation must not hold . There are several 

reasons for that. A reduction of discriminatory measures against agri

culture may lead to higher prices ( in the case of producer price limits or 

expert laxes) or to lower input costs (in the case of import tariffs on 

essential inputs) for a number of agricultural products: This increase of 

profitability has two implications. First, this improves the income of small 

farmers in non-forest areas, who are no longer urged to give up their 

land and move into tropical forest areas, as lhey can afford lo service 

their debt and keep their land. The case of Brazil shows that a large 

share of the migrants moving into the Amazon rain forest were actually 

small farmers and peasants that had been urged to give up their land in 

Southern Brazil [ EK, 1990, pp. 248, 256-260). Hence, it can be expected 

that rising producer prices lower the migration pressure in tropical 

forest areas. 

Second, an incr ease of agricultural prices may cause investment 

increaslng the productivity of land. Agricultural producers facing 

negative effectlve protection cannot afford to use more sophisticated 

agric ultur11;l technology and fertilizers , since the prices of their output 

goods are kept below the world market level, whlle prlces for agri 

cultural inputs may rank above the world market prices. A r eduction of 

lhese government-induced discriminatory measures can help to increase 

agrlcultural productivlty, thereby reduc lng the demand for marginal 

agricultural land. Nevertheless, further research is needed lo analyse, 

whether these lwo e ffects outweigh the increased demand for forest land 

resulting from increasing agricultural prices. 
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Beside these measures, property rights regulatlons and land titling 

legislation affect the speed of conversion in tropical forests. &sically, 

agricultural production in tropical forest areas is characterized by low 

fertility soils, an abundance of land use relative to labour and few 

institutional constraints (i. e., land registration and tiUing ). Under these 

conditions, land extensificalion and shifting cultivation is a rational 

production system. 

In Brazil, tt is mainly the land titling regulations which provide 

incentives for the expansion of agrlcultural land and deforestation. Por 

example, a claimant who lives on an a rea of land has first preference to 

title for three tlmes the area he or she has c leared. The right is ob

tained if the claimant has used and lived on unclaimed public land for 

more than five years or has squatted on private land for a sufficiently 

long time without being challenged by the owner. Hence, conlrary to 

popular belief, there are no vast areas of unclaimed land available for 

settlement in the Amazon ( Pearce et al., 1990) . Especially small farmers 

have difficulties in finding free land for squatting, since only cor

porations and !arge ranchers have the capital to built their own access 

roads into the forests. These !arge companies have an incentive to foster 

clearing in order to protect lhemselves aga.inst small squatters. The 

"first come first served" titling also ensures a rush to c laim large tracls 

of land. 1 

The acquisition of land titles or user rights simply by cultivation is 

predominant in many tropical countries, for example, Malaysia (Sabah), 

Congo, Ivory Coast, Papua New Guinea. In some countries like Sierra 

Leone and Nigeria, user rights a re still subjecl lo tribal or community 

law. This does also apply to some regions in Cameroon, where land 

1 Moreover, the land lax can be legally reduced by a factor of up to 90 
percent by converting unused forest land into more productive "use" 
or fallow land. Hence, a farm conlaining foresls is taxed at a higher 
rate than one containing only pastures or cropland, while agriculture 
is virtually exempt from income lax laws ( Binswanger, 1987) . Conse
quently the la nd tax system provides incentlves for deforestation. The 
government enforced regulations prohibiting the clearing of more than 
50 percent on private property. However, this regulation was circum
vented lhrough repealed sales and purchases of uncleared land. In 
additio~, lhese , laws provide an incentive for land acquisition in 
~oni~, espec1_ally for wealthy private investors or corporations. 
G1ven high i!'flation rates and risky financial markets, land acquisition 
is an attractive alternative for portfolio investment and speculation. 
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tenure arrangements are informal though well-respected. 1 All rar as 

these regulations provide only opportunities for leasing land for a given 

period of time, farmers have no incentives for long-term sustainable uae 

of tropical forest land. In Thailand, the Philippines and Ghana •nrat 

come first served" regulations do not exist. Because of the deficient 

administrative capacity, the governments, however, cannot enforce their 

property rlghts on state-owned land and prevent sponlaneous settlers 

from clearing foresls. 

Summing up, it can be conluded that in many tropical countries the 

creation of incentive schemes benefitting producers in tropical foreat 

areas, i. e., government-induced migration programs and regional policy 

measures , have fostered the clearing of forest areas . In some tropical 

countries the production of food crops and livestock is highly protected. 

As far as these agriculturaJ subsectors are predominant in tropical forest 

areas, a reduction of protec tion can help lo reduce lhe agricuJlural 

expansion into forests. By contrast, lhe reduction of the discrimination 

against the agricultural sector in general must not necessariJy lead to an 

increased demand for agricultural land and thus an increase in defor -

estation. 

1 This applies especially to regions without shortage of agricuJtural Jan~. 
Given this condition, any individual from within a vilJage can clatm 
land through c laim- staking and farm it within an area of control of 
that village. Outsiders wishing lo farm land can do so only _upon 
payment of some consideralion to the v illage chief or upon marriage. 
The commonness of this practice has made t hese regions almost 
impervious to immigration ( Ruilenbeek, 1990, p . 16) . 
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v. Exploltatlon of Mineral Resources and Hydroelectrlclty 
Potentlals In Troplcal Forest Areas 

1. The Expansion ot the Mining Seetor and lts Role for National 

Development 

Another sector to which is attributed a leading role in tropical defor 

estation is the mining sector and hydroelectricity production. lt is 

reasonable to discuss lhe impacl of lhese two sectors on tropical defor

estation in one chapter because these seclors are interlinked. The ex

ploitation and processing of mineral sources is a highly energy- intensive 

process. Accordingly, the establishment of industrial plants processing 

mineral materials requires an extensive supply of energy, especially 

elect ricity. 

In lerms of economic performance, lhe mining induslry is a key 

sector for a number of tropical countries. Table 22 shows lhal the share 

of mining activilies in GDP ranged above 10 percenl for a number of 

countries (Ecuador, Venezuela, Cameroon, Congo, Gabon, Guinea, 

Liberia, Nigeria, Zaire, lndonesia, Malaysia, Papua New Guinea). Since 

mining is a very capilal-intensive industry, the mining sector's conl r i 

bution to total employment ranged generally below 3 percenl except for 

Guyana, Suriname and Liberia. By contrasl, the mining sector ranks 

among lhe largest exporters in many tropical countries. There are a 

number of countries where the bulk of the export earnings is highly 

dependent on mining exports. In Bolivia, Peru, Suriname, Venezuela, 

Cameroon, Congo, Gabon, Liberia, Nigeria, Zaire a nd Papua New Guinea 

more than half of the country's total merchandise exports was produced 

by the mining sector. 

These figures refer only to the exports of ores, while exports of 

intermediate producls are neglected. A number of countr ies such as 

Brazil, Mexico and lndia have established meta) processing industries 

such as a luminium and steel plants depending on the output of the 

mining industries. Table 23 shows s hares of exports in production for a 

number of selected minerals. Hence, lhere a re a number of counlries in 

which the mining sector has become a major supplier of industrial inputs . 

In Brazil, more lhan 25 percent of the produc tion of iro,, ore, manganese 

ore, copper and tin was processed by local industries. In Jndia a lmos l 
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Table 22 - Contribution of the Mining Seetor to GDP, Exports and 
Employment in Selected Tropical Countries, 1988 (percent) 

Mining ( a) / GDP 
Mining emplo:r
ment/total em
ployment, 1988(b) 

Mining exports / 
mercbandise ex
ports, 1988(c ) 

Bolivia 10 1. 7 89 

Brazil 2 0.2 21 
Colombia 8 0.5 26 
Costa Rica 3 0.2 1 
Ecuador 11 0 . 4 (1982) 45 
Guatemala 3 0.2 3 
Guyana 9 3 .9 (1980) 33 
Honduras 4 0 . 2 10 
Mexico 5 2.3 38 

Nicaragua 3 0 . 7 2 
Panama 3 0.1 13 

Paraguay 3 0.3 0 

Peru 3 2.4 58 
Suriname 9 4 . 6 67 
Venezuela 17 1.0 90 
Cameroon 16 0.1 53 
Central African 

0 Republic 2 0 . 7 (1983) 
Congo 17 na 72 

Gabon 30 1. 7 (1985) 59 
Ghana 3 0.5 (1987) 32 
Guinea 13 0.7 (1983) 83 
Ivory Coast 3 na 3 
Liberia 11 3.2 (1985) 54 
Madagascar 1 na 14 
Nigeria 22 0 . 1 88 
Rwanda 1 na 9 
Sierra Leone 9 1.4 (1981) 21 
Zaire 20 na 64 
Bangladesh 1 0.0 2 
Burma 1 0 . 6 3 
India 4 0.5 (1981) 9 
Indonesia 13 0.7 49 
Malaysia 15 0.6 18 
Papua New Guinea 20 na 63 
Philippines 4 0.7 12 
Sri Lanka 3 1.1 (1986) 7 
Thailand 5 0.2 3 

(a) Including public services (gas, water, electricity) . - (b) Eco-
noinically ac tive population. - (c) Mining exports comprise crude and 
refined f uels (SITC 3), ininerals (27). metal ores (28 ) and nonferrous 
metals (68) . 

Source : ILO [ various issues) ; Statistisches Bundesamt I various issues 1; 
UNCT AD [ 1991) ; own calc ulations. 
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40 perccnt of the lron or e produccd In the country I• proceued by e tcol 

lndus trles rathcr than belng exporlcd. In l hosc countrlcs , whc r c export 

s hares we r c comparatlvely low, thc mlnlng sector provlded Inputs ror 

metal lndustrles, whloh In turn have contrlbuted to GDP nnd e><porl 

performance of the respectlve countrles. 

On the whole, a hig h , hare of the world's mlneral r csources arc 

located In countrle1 that havc s lzcablc olosed for est areaa. Table 24 

shows that for 12 out of 29 mlne rals lroplcal countrlcs had a pe r cen tage 

s hare of world reserves 1 exceedlng 10 percent In 1988. Mor e lhan half of 

the world reserves of bauxlte, coball, nloblum, tantallle a nd tln are 

localed In lroplcal counlrles. However, lhe r e is no t even one mlne ral 

whioh 1s only avallable In tropical foresl counlries. Al lhe presenl s tage 

of the analysis lt 1s not posslble to quanlify lhe mlneral r eserves localed 

in tropical forest arca.s for all lroplcal counlries. Slnce lhls kind of 

analysls 1s qulte complicated, il will be done for only lhree countrles, 

namely Cameroon, Brazil and lndonesla . 

As the sludy by Amelung and Dlehl [ 1991) shows, a number or 

sizeable deposlts are localed in lroplcal foresl a reas In various counlries. 

In some countries all sizeable deposils of one kind are localed in lropical 

foresl areas. Thls holds lrue for Congo (bauxile, iron, diamonds, gold, 

lin), Gabon (iron, c hrome, diamonds, nlc ke l, zlnc), Suriname (iron, 

manganese, diamonds, gold), Guyana (coppe r, manganese, c hromium, 

gold, nlckel, zlno) and Kampuchea (molybde num, copper, c hromlum, 

antlmonlum, pyrlle, zlrconlum, blsmulh). Thls ls not very surprlslng, 

slnce lhis group of counlrles encompasses small nalions wilh a forest 

area coverlng lhe major parl of lhe counlry. lf lhese counlries plan to 

d e ve lop the ir resource base lhey can hardly avoid to open up a large 

parl of lhe ir troplcal foresl areas for induslrial developmenl. By 

conlrasl, Brazil has not one mineral which 1s localed in lropical foresl 

areas only . The same does apply lo lhe olher countries wilh large 

tropical forest areas: in lndonesia only lln and lead are concenlraled in 

lropical foresl areas, while in Zaire il is lhe major deposils of uranium 

lhal are localed in t ropical for esl areas only . 

1 Reserves refer lo r esources which are economically exploila ble g ive n 
lhe prevaillng world markel prices and lhe cosls of exploitalion of lhe 
respeclive deposlt [ US Bureau of Mines, 1990, p . 1951. Hence, a price 
increase or a less expensive exploilalion method direclly inc reases lhe 
volume of reserves. 
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Table 24 - Share of Mineral Reserves Located in Tropical Regions in 
World Reserves, 1988 (percent) (a) 

Africa I Asia I America I Total 
(19 countries) (10 countries) (15 countries) (44 countries) 

Antimony 
Barite 
Bauxite 
Bismuth 
Cadmium 
Chromium 
Cobalt(b) 
Copper 
Diamonds 
Fluor spar 
Gold(b) 
Iron 
Lead(b) 
Magnesium 
Hanganese 
Hercury 
Holybdenum 
Nickel 
Niobium 
Potash 
Selenium 
Silver(b) 
Tantalum 
Tellurium 
Tin 
Ti tanium(c) 
Tungsten 
Vanadium 
Zinc(b) 
Zirconium 

25.7 

41.1 
7.4 

15.3 

0.8 

6.4 

1.8 

14.6 

1.0 
0.7 

(25.4) 

(25.1) 
(5.3) 

(18 . 4) 

(0.8) 

(4.6) 

(2.Z) 

(13.2) 

(1. 0) 
(0,4) 

22.3 
4.6 

2.7 

3.4 

0.4 

5.0 

1.2 

7.3 

37.5 

48 . 6 
12.4 
1.8 

5.8 

(8.6) 
(5.2) 

(0.9) 
(4.8) 
(3.2) 

(l.Z) 

(6.5) 

(1. 3) 

(21.6) 

(31.6) 

(47.2) 
(6.7) 
(1.8) 

(5.5) 

11.6 
5.4 

20.1 
22.9 
6.5 
0.8 

3.4 
0.5 
8.2 
2.2 

11.6 
7.2 
1.8 
3.0 
3.8 
4.1 
2.5 

93.6 
0.3 
8 .8 

22 .1 
4.2 
3.5 

18.5 
23.7 
2.6 

8.9 
2.8 

(11.6) 
(2.2) 

(20.5) 
(30.0) 

( 4 . 1) 
(0 . 1) 

( 5 . 7) 
(0.8) 
(7.1) 
(2.1) 

(11. 7) 
(5.8) 
(1. 9) 
(2.0) 
(3.8) 
(3.8) 
(4.6) 

(86.0) 
( 3. 9) 

(9.2) 
(18.1) 
(3.9) 
(5.3) 

(17.9) 
(16.2) 

( 3. 7) 
(0.2) 
(6.8) 
(2.5) 

11.6 
27.7 
50.4 
22.9 

6 . 5 
3,5 

41.1 
14.2 
15.8 
8.6 
2.2 

17.4 
7.2 
3.0 
9.4 
3.8 
4.1 
9.8 

95.4 
0.3 
8.8 

22.1 
56.3 
3.5 

68.1 
36.8 
4.4 

8.9 
8,6 

(11.6) 
(10.8) 
(51.1) 
(30.0) 

( 4. l) 
( 1. 0) 

(29.9) 
(14.2) 
(19.2) 
(8.3) 
(2.1) 

(19.0) 
(5. 8) 
(3.2) 
(6.6) 
(3.8) 
( 3 . 8) 

(26.2) 
(88 . 2) 

( 3. 9) 
(9.2) 

(18.1) 
(48 .7) 

( 5. 3) 
(66. 1 ) 
(23.2) 
(5. 5) 
( 0. 2) 
( 6. 8) 
(8.0) 

(a) Measured plus i di t d n ca e reserves. Reserves have been calculated on 
the basis of metal content. Figures in parentheses include subeconomic 
resources. - (b) A sizeable share of reserves t l 1 was not reported on coun-
ry eve • - (c) Anatase, Ilmenite or Rutile. 

Source: See Table A14. 

As far as lhe geographical distribul1'on of these major deposils over 
the three regions is concerned no · 1 , regmna pattern can b e observed 
[ Amelung, Diehl, 1991]. A (arge set of melal ores, i. e . , bauxile, iron, 
copper • manganese or gold are located m· lrop1·cal foresls all over the 
world. For inslance t d . • arge epos1ts of bauxite are located in Brazil, 
Suriname, Indonesia, Malaysia, Camer oon and Congo, whereas major 
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deposits of gold have been explored in alrnost every country's tropical 

forest area. Hence, there are not any structural characteristics by which 

the three major regions, namely Asia, Africa and America can be dis

tinguished. 

lt has to be noted, however, that the exploration of mineral re

sources in tropical rain forests is technically extremely difficult because 

of the topographical conditions and the lack of infrastructure. As a 

result, there are good reasons to assume that there is a large number of 

unknown deposits in tropical forest areas. Most of the known deposils 

are located near towns, highways or rivers, where access is compara

tively easy and less costly. Moreover, mining areas yield n ot only one 

mineral but rather a set of them. There are two reasons for that. First, 

exploration activities are easier and less costly in tropical forest areas 

which have already been partly developed as mining areas. Second , a 

number of metal ores are joinl producls, such as columbite (niobium) and 

tantalite, gold and copper, or lead and zinc. This leads to a concen 

tration of mining activities and exploration in certain areas, while other 

areas remain unexplored. 

Though the deposits listed in the study by Amelung !Uld Diehl 

[ 1991] are c lassified as sizeable in the geological charts and infra

structure maps, only few of these deposits are sizeable relative to world 

reserves. Table A14 lists the percentage shares of tropical countries in 

the world's mineral reserves in 1988. Accordingly, there are only a few 

countries owning more than 10 percent of world reserves for one mineral 

source, namely Brazil (anatase, bauxite. iron, niobite, tin), Guinea 

(bauxite), lndia (barite, ilmenite), Indonesia (tin, nicket) , Malaysia 

(tin), Mexic o (silver ), Nigeria (tantalite), Peru (bismuth), Sierra Leone 

(rutile), T h ailand (tantalite, tin) and Zaire (cobalt, diamonds, tantalite) . 

Following the FAO data, this list of c ountries comprises 68 percent of 

tropical foresl resources in 1980 [ Lanly, 1982]. Moreover, Table 24 

shows that the sum of those tropical count ries lis ted in Table A14 ac 

counls for a sizeable share of world reserves of a number of minerals . 

Despite the large number of deposit s and the sizeable volume of 

resources tocated in tropical forest areas, lhere are only relatively few 

mining operations in tropical forest lands. The majority of mineral 

deposils in tropical foresl areas have not been exploited because ex

ploitation is not profitable. Thes e deposits, however, can become 
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economic reserves, as the price of the respective mineral ore changes 

and infraslruclure is exlended inlo remote tropical forest areas . This 

seems to support the hypothesis that the development of mining in

dustries in tropical countries may become a major source of defor 

estalion. 

A recent study by Amelung and Diehl ( 1991, pp. 200-203] yields a 

!ist of mines and mining areas located In tropical forests . In order to 

compile this !ist not all mines in the world have been considered, but 

only those listed in the Annual Mining Activity Survey of the Mining 

Journal Research Service [ 1990a] . 1 

Out of these 3,500 mines and mining areas only few are located in exist 

ing or former tropical forest areas. 2 According to Table 25, there are 93 

1 
This list comprises 29 metals and minerals (gold, silver, platinum, 
copper, lead, zinc, tin, tantalite, mercury, aluminiurn, iron, chromium, 
manganese ore, molybdenum, niobiurn, nicke!, antimony, titanium, 
vanadiurn, tungsten, uranlum, asbestos, borax, diamonds, nitrate, 
phosphate, potash, pyrites and trona) and 1,249 mines producing more 
than 150, 000 t p. a. These mines cover more than 90 percent of 
Western world ore output. lt has to be noted, however, that there are 
roughly 6 , 000 mines produc ing less than this cut-off rate. This incurs 
some problems, since there are some tropical countries like Mexico, 
Bolivia, Brazil, lndia, Philippines, Malaysia and Thailand, where these 
mines represent an important part of the industry in the respec tive 
country. In addition, 1, 700 coal mines as they have been derived from 
the Mining Journal Research Service [ 1989] accounting for 80 percent 
of Western World coal and lignite outpul have been considered. These 
lists have been updated by inc luding major ne w projec ts and expansion 
programs as they have been listed in the Mining Journal Research 
Service 11990b; 1990c] covering roughly 550 additional mining projects. 

2 
In several cases, it was not posslble to determine whe lhe r the geo-
graphlcal location could be c lassifled as a tropical forest area. The 
first one is the Kinta Valley, which is located 200 km norlh of Kuala 
Lumpur in Malaysia. Roughly 10 percent of lhe world's lin output 
comes from this valley I Sch wartz, Askury, 1989] . Since thls valley has 
a lready been industrialized in the fifties it was excluded. By contrast, 
the territory of lhe Bougainville and Ok Tedi mines in Papua Ne w 
Guinea has been c lassifled as lropical forest land, as vege tation maps 
indicate tropical fores t near to these mines, while mining aotivities in 
this region are subjeot to major expansion programs. The Grasberg 
and Erlsberg mlnes in Irlan Jaya Clndonesia) have not been c lassified 
as a lropical forest area, as they are located in a mounlaln reglon 
above 2,000 m. Nevertheless, lt seems very llkely lhat the infra
structure requirements, i. e . , cable tramways and slurry pipelines for 
lransport, harbour facilities 125 km away as weil as a concentrating 
plant [ Soesastro, S udarsono, 1988] may have caused deforestalion, 
which can be assumed to be marginal compared lo annual deforestation 
rates , as calcula ted by the FAO and Myers ( 1989]. Finally, the Carajas 
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!arge mines or mining areas in tropical forest areas. Most of these mines 

are located in the Amazonian rain forest in Brazil, Indonesia, Zaire, the 

Philippines, Tha.iland, Papua New Guinea and Ghana. lt has to be noted, 

however, that a nurnber of mines in Ghana and Zaire are underground 

mines which deserve a different assessment with respect to their e n 

vironmental impact. Production in underground mines and dredging 

requires only a very small proportion of land as an input fac tor, while 

the opposite applies for alluvial deposits and open-pit mining I Iwersen

Sioltsidis, 1988, p. 185]. As Table 25 shows, more than half of these 

mines are of the open- pit type, while Brazil, Papua New Guinea, 

the Philippines, Zaire and lndonesia account for more than two thirds of 

these mines. Hence, only in those countries the mining sector can be 

expected to account for a sizeable share in deforestation. 

As mentioned above, it is not yet possible to quantify lhe pro

duction of these mines and the reserves of deposits localed in tropical 

foresl areas for a !arge nurnber of counlries. In lhe same vein, defor

eslation caused by the mining sector cannot be assessed for a number of 

countries. Por this reason, this part of the analysis is done only for 

three countries, namely Cameroon, Zaire and Brazil. However, it has to 

be noted that though such an analysis can yield valuable insights, one 

should not forget that the share of most mines in national output is 

negligible, since the major part of the rain forests in lndonesia and 

Brazil have not been explored or exploiled by mineral industries. 

Following Amelung and Diehl [ 1991, Ch. 5], only few deposits in lropical 

forest areas have been developed. This leads to the con clusion that the 

mineral resources located in tropical forests are still to become an input 

to the development of mining industries in tropical countries. 

This is especlally true for Cameroon where no major mining Oper

ations in tropical forest areas have been undertaken. In general, 

Cameroon is not well-endowed with mineral sources [ BGR, 1976a], except 

for bauxlte in the savannah area, offshore oil and gold. Gold production 

in Camer oon is mainly based on the exploitalion of two equally sized 

depos its. Both of them have produced as much as 8,300 kg in the 1934-

1974 period. In the recent years however, production declined to less 

than 10 kg p . a . Moreover, there are unexploited economic reserves of 

iron ore deposlt (Brazil) has been classified as a tropical forest area, 
though thls does not apply to the entire planned mining area. 
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Table 25 _ Number of Major Mining Areas and Mines in Tropical Forest 
Areas, 1990 

Dredgingl open-pitj Underground! Alluvialj Total 

Brazil 10 1 5 16 

Colombia 1 1 

Ecuador 1 1 

Guyana 3 3 

Nicaragua 1 2 3 

Peru 1 1 
Venezuela 3 3 
Ghana 2 4 3 9 

Guinea 2 2 
Ivory Coast 1 1 
Liberia 2 2 
Sierra Leone 1 1 
Zaire 4 3 3 10 
India 2 1 3 
Indonesia 4 6 10 
Malaysia l 1 l 3 
Papua New Guinea l 7 8 
Philippinea 6 l 7 
Sri Lanka 1 l 
Thailand 4 l 3 8 

Total 2 53 14 24 93 

Source: Amelung, Diehl [ 1991, pp. 200-203]. 

rulile and ilmenile that have been discovered near the villages Ngambe, 

Mbalmayo and Akonolinya. However, these reserves are negligible com

pared to the country's total reserves which are concentrated in the 

coastal zones outside the tropical forests of the country. Summing up, lt 

can be assumed that both direcl and indir ect effects of mining operalions 

on deforestalion have been negligible in the last 20 years . 

By contrast, mineral resources in lndonesia's tro pical forest areas 

are quile substantial. Data on the reserves and the produc tion of 

particular locations, however, are only available from a repor t by BGR 

11976b) for lhe mid- seventies. Accordingly, a large s hare of the oil 

reserves is located in tropical forest regions. The bulk of reservcs is 

due lo l h ree oil fields in Central Sumatra, while the fields in Northwesl 

Java aoci East Kalimantan are off-shore and accounted for less than lO 

percent of the national reserves in 1975. lndonesia's oil reserves have 
been estimated to be 2 055 mill. f 

• ion l or 1. 7 percent of world reserves, 0 
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which 1,043 million t or 50. 8 percent were due to the three fields in 

t.ropi<:41 forest a.reas, namely the Minas field (756 million t}, the Duri 

field (242 mUllon t) and the Bekasap field (45 miHion t). In 1974 these 

three fields combined 35. 6 percent of lndonesia's oil production =pacity. 

Despite the overwhe lming economic importance of these oil fields in 

tropi<:41 forest a.reas, the direct and indirect impact of oil production on 

recent deforestation is probably very small. There a.re two reasons for 

that. First, large-sC4le exploitation on these three flelds began very 

early in the beginning of the fifties . Second, indirect effects on defor

estalion are not like ly to be expected, since most of the oiJ - processing 

facillties are IOC4led in coastal zon es outside the tropi<:4I forest a.rea. 

Moreover, there are coal deposits of 204 mlllion t or 6 . 7 percent of 

national reserves in 1975 IOC4ted in tropi<:41 forest a.reas . Since pro

duction in these deposits requires underground mining and is compa.ra

tively expensive, all mines in tropical forest a.reas are presently out of 

production. In the same vein, 370 million t of iron ore deposits are 

IOC4ted in tropical forest areas. Though this accounted for roughly 18 

percent of Jndonesia's tota.l deposits and 51 percent of lndonesia's 

reserves, exploilation has not begun yet. In addition, lndonesia's 

lropical rain foresl areas 11.re reported to account for 375 miJlion t of 

nicket reserves, which is 12 percent of world r eserves 11.nd 71 percent of 

lndonesia's total reserves in 1975. Since mining operations in Sulawesi 

started in the early seventies, this has probably =used part of the 

foresl loss . 

lndonesia also possesses sizeable reserves of tin, of which approxi 

mately 6 . 7 percent were located in former tropical forest areas in 1975. 

Recent deforesl:Llion due to these mining aclivities is relatively unlikely. 

First, a slzeable share or lhese reserves is IOC4ted off- shore. Second, all 

reserves in tropical forests are located on small islands, where large

scale mining activities can be traced back lo the fourties and lhe fifties . 

Third, indirect deforestation caused by tin processing facilities can be 

excluded, as all plants are located outside tropical forest areas. 

Jndonesia's total bauxite r eserves and bauxite produc tion is J0e4led 

in former tropical foresl areas, whic h have already been cleared since 

1935. Production in 1975 was as much as 1. 4 percent of world production 

and is only due to small islands , where also processing lakes place. 

Bauxite reserves located in lhe tropical forest areas of Kalimantan have 
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not been fully explored yet. Finally, there are a few other minerals like 

ld silver mercury antimonium and bismulh which are partl copper, go , , ' Y 
located in lropical forest areas. The respective reserves and production 

in tropical forest areas are quite small in lerms of their economic im

portance to the Jndonesian mining sector and world mineral production. 

Summing up, total land allocation for oil, mining and other major 

developmental projects appears relalively small compared lo total land 

area of the outer islands where the bulk of lndonesia's primary forests 

is located [ Pearce et al., 1990, p . 104) . In general, most of lhe land is 

allocated for exploration purposes. Significanl amounls of land are used 

only when minerals or oil is actually found. Following the geological maps 

of lhe BGR 11976b) the oil fields located in tropical forest areas cover 

not more than 1, 100 sq km. By comparison, annual deforestation in the 

1980-1990 period was 8,600 sq km. Assuming that the total land area in 

the oil field will be cleared and that c learing proceeded in these oil 

fields at an annual average of 30 sq km a year since 1950, the direct 

contribution of oil production to deforestalion would be O. 3 percent in 

terms of annual deforestation in the 1980- 1990 period. This kind of 

calculation is questionable, since most mineral deposils under production 

had already been developed in the fifties . Hence, the overall impacts on 

deforestation are usually confined to relatively small areas, since the 

outer islands of lndonesia have not yet experienced a process of large

scale industrialization. Following the industrial census of 1987, ap
proximately 83 percent f th 0 e country's medium and large-scale manu-
facturing is conc t t d . . 

en ra e m the mner islands of Java and Bali. Another 
11 

percent are due to Sumatra, while all other outer islands account for 
6

· 
2 

percent ( Pearce et al., 1990, p. 93]. Howeve r , the concentration of 
extractive indust · d . 

led to se · 
ries an their processing fncilities in small areas have 

damaging to coastal nous problems of pollution which can be 

zones and forest areas. Especially h 

gold mining activities in Ka11·manta n 
t e recent and rapid expans ion of 

riverbanks and s wam ar . 
has led to excessive destruction of 

. P eas m and near important pro tective and con· 
servat1on forests I p 

earce et al., 1990, p . 1041 . 
Whi!e in lndonesia most of lhe . . 

bee mmes m 
n established bef 

Amaz . ore 1960, the exploita tion 

tropical forest areas have 

of mineral deposits in the 
on ram forest of Brazil is . 

which be by compar1son a rather new development 
gan at the end of th 

e seventies. Table 26 shows the measured 
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Table 26 - Mineral Resources in Tropical Porest Areas in Brazil, 1987 

Heasured resourcee in tropical foreet areas(a) 

share in Brazil's ehare in vorld-
total measured wide reeourcea(b) 

1000 t resources(b) 

percent 

Bauxite 246,600 29 (36) (4 .2 ) 
Chromium 45 2 (1) (0 . 0) 
Copper 3,889 65 (80) (1.6) 
Diamonds 1,170(c) 11 (20) (0 . 2) 
Gold 19(d) 4 (4) (0.1) 
Iron 1,611,221 25 (30) (3.0) 
Kaolin 487,760 82 (83) na 
Hanganese 12 , 057 41 (40) (0.7) 
Nickel 329 7 (11) (0.4) 
Tin 221 73 (73) (10.8) 
Zirconium 449 48 (55) (1.0) 

(a) The Brazil ian term •reservas• apparently coincides with the above 
111entioned •resourcea•-concept (HHE-DNPM, 1987, p. 11), whereas economic 
resources (reserves) are only reported in US Bureau of Mine• (1990) on 
country level . Resources have been calculated on the basis of metal 
content. - (b) Figures in parentheses refer to the respective shares in 
measured plus indicated resources . - (c) In 1000 carate. - Cd) In t. 

Source: MME- DNPM [ 1988); US Bureau of Mines ( 1990) ; own estimations. 

resources located in Brazil's tropical forest areas. Accordingly, the bulk 

of the country's resources of zirconium, tin, copper and manganese is 

located in tropical forest areas. 

About 50 percent Brazil's zirconium resources and more than two

thirds of the tin, kaolin and copper resources were located in tropical 

forests , whereas the iron reserves in tropical forest areas accounted for 

less than one-third of Brazil's total resources in 1987. 1 Exploration for 

1 This result is quile s urpris ing, since according lo common belief a 
!arge s hare of the world 's iron ore resources are located in the Carajas 
area in the Amazon rain forest. The relatively moderate share of iron 
ore resources in tropical rain forests can be explained by the 
abundance of iron ore resources outside the Brazilian rain forest. 
Moreover, it has lo be noted that the shares calculated in Table 26 are 
based on measured resources of iron ore content which yield a high 
reliability. Jf one recalculates lhese figures on the basis of measured 
plus indicated resources, the respective share for iron is 40 percent 
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other minerals in trop ical forest areas especially o il and gas have not 

come up with measured reser ves. Some of the r esources in lhe Brazilian 

Amazon are even sizeable in lerms of lheir s hare in wor ldwide r esources. 

The resources of bauxite1, l in and ir on conslituled more than 3 percent 

of world resources. Neverl heless, il would be an exagger alion to 

consider lhese resources as having stralegic imporlance for lhe world 

mineral supply. This holds also true for tin wh ic h accounls for mor e 

than 10 percenl of world reserves. T he r esour ces of chromium, 

diamonds, nickel and gold are c learly less than 1 percent of world 

resources, thus , being of no imporlance for l he world mineral supply in 

lhe medium term. 

Despite an abundance of exploitable deposits, not a ll potential 

mining areas have enle red produclion yel. As Table 27 s h ows, bauxile, 

diamonds, l in, iron, mAnganese and gold are produced in l ropical forest 

areas. In 1987, more lhan 75 percenl of Br azil's manganese and tin 

produclion and almest one- lhird of ils iron ore produclion were due to 

establishmenls located in t ropical r ain foresls. Despile relatively smAII 

resources of gold compared lo Brazil's tota l resources, gold production 

in lropical forest areas is quite weil developed reaching a lmosl one-third 

of national oulpul. On lhe whole, lh e melal production in Brazilian rain 

forests exceeded 30 percenl of national product ion. The shar e in Brazil's 

total mineral pr oductlon is significan t ly smAller because of the h igh value 

of Brazil's oil and natural gas production whic h is Jocated outside 

tropical forest ar eas. Given this level of production in tropical foresl 

areas, the contribution of the mining sector in tropical forest areas to 

Brazil's GDP can be eslimAted as less than 1 percent in 1987. 

Brazil's mineral production in lrop ical fores t areas records sizeable 

s hares in worldwide produclion. T in produc tion in the Braz ilian Amazon 

accounted roughly for one-seventh of world produc tion in 1987, wh lle 

manganese produclion recorded a s hare of mor e than 7 percenl. Since 
1987 · however , mining of lin, bauxile and iron ore increased 
s ignificanlly. 

for 1987 1 MME- DNPM 1988) • • For calculalions based on estimated re-
1 sources see Kohlhepp ( 1987, p . 56). 

Ta he lalrgfe bauxite deposils near lhe meuth of Rio Trombetas whioh 
ccoun or a lmest so ' f 

world r ) percen t of Brazil's resources (or 8 percent 0 
esources have bee 1 ed 

with dense rain f n e~c uded slnce lhe region was not cover 
oreSl when mming Operations started. 
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Table 27 - Est imAted Production of Mine r al Convnodities in Brazll's 
Tropical For est Areas, 1987 

Production in tropical foreat areaa 

shar e in Brazi lian 1 shar e in world 

mil. cr uzeiros 
production(a) production ( b) 

per cent 

Bauxite(c) 1222 14 . 1 1.4 
Diamonda(c) 53 5.3 0.1 
Gol d 7763 32 . 8 1.4 
I r on 13512 32 . 7 2.8 
Kaolin 1104 44. 8 na 
Hanganeae 1909 75.7 7.4 
Metal s 30226 33.4 na 
Tin(c) 5820 78.6 13 . 8 
All miner a l a 31383 9.6 na 

(a ) Shares in na t i onal production have been calculated on the basis of 
output values aa they are given in the first column of the table. 
- (b) Shares in world production have been calculated on the basis of 
quantities . - (c) In the Brazil ian mining statistics pr oduction data 
can be obtained on state level and not for particul ar mines. Hovever, 
t here are states with rain forest areas but some mines located outside 
tropi cal forest areas. I n these cases production of tropical forest 
mines has been es timated by assuming that the mine's sha re of pro-
duction in total production of the respective state corresponds to the 
mine•s share i n total r eserves of the r espective state. 

Source: As for Table 26. 

The contribution of miner a l production lo Brazil's export perfor m

ance is quite dlfficult to assess because of two reASons . First, there are 

no data on exporl shares on the firm or mine level. Hence, one has to 

ASsume that mines located in tropical rain forests record on average the 

same expert shares AS the national average ratio of mining exports to 

mining produclion . Accordingly, the shar e of exported unprocessed 

miner al commodllies in produclion was 48 per cent for bauxite, 72 percent 

for lron ore and 37 percent for mAnganese ore in 1987. Gold and lin ore 

were not exported [ UNCTAD, 1990]. Hence, the share of exported 

minerals produced in tropica l forest areas in total mineral exports was 

one- third for 1987, while lhe share in total exports was 2 pe.rcent for 

the same year . T his h igh s hare is due to the facl t hat the bulk of 
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mineral produclion in tropical forest areas iJs iron ore explolt.alion (Tabie 

27), the !arger part of which 1s exporled wilhout proceHing . 

Second, one should take into account that a slzeable ehare or the 

mineral convnoditles exploit.ed in tropical forest aretut ls proce■eed. 

Hence, the export share given above s hould be taken IUII a lowcr mnrgln, 

as exports of processed mlneral produots are an lmportant ilem In 

Brazil's exporl baskel. However, at this stago of the analys iB, lt 111 not 

possible to calc ulate the share of lhcse produo ts lhal draw upon mlneral 

resources from tropical foresl areas . 

While the mining seclor in lropical foresl arcas is relallvely im• 

portanl in terms of export sector pcrformance, the mining aclivillea' 

contribution to national employment l\rc only marginal. As mentioned 

above, the mining seclor and its r e ll\ted processing indus trles are 

relalive ly capital - intensive. Hence, lhe employmenl facilities c reated by 

lhe developmenl of lhe mining seclor are quite small compared lo the 

employmenl effects thal can be expected from lhe expansion of other 

seclors. Following lhe employment statislics given in MME- DNPM ( 1988) 

for 1987, employment in the mining industries in tropical forest areu 

was 21,940 employees or 23 . 4 percent of total employment in the mining 

industries. These employment figures cover both produc lion of primary 

mineral commodities as weil as the first stage of their processing. 

Because of the high transport costs, these processing fac ilities are 

usua.lly located in the mining area. Hence, the direc t employment effect 

of mineral extraclion in tropical forest areas is relativiy negligible, 

reaching 0. 05 percent of Brazil's total employment in 1987. 1 

As far as the mining sector's contribution to tropical deforestation 

is concerned, lhe size of the mining areas in the Amazon region seems to 

point lo the facl lhal direct deforeslation due to mining operations is 

1 
:et, . i~ has to be mentioned thal these empioyment data do not inciude 
moffict~I and small-scale gold mining activities . The number o f these 
gold mmers has ~n reporled as 40,000 in Roraima [ Treece. 1990, p . 
2641 and 75,000 m lhe Serra Pelada {Para) ( Fearnside, 1990, p. 2111. 
;~e~-

5
~eoo6olal number of "garimpeiros• has been eslimated as 

d ' ' t d f • [ Hecht, Cockburn, 1989). Pollowing these two studies, 
~~c th e_ orestalion caused by these gold miners is only marginal, 

wM 1 e eu- detrimental Impact is mainly due to p ollution of rivers. 
oreover, there are a numbe r · · II pi t . t r o p1g 1ron smellers and ferrous a oy 

ra~~ ; pr~.iec ed for 1990 along lhe Carajas railway c orridor in tropical 
1 ores areas. These establishments are to creale 4. 063 jobs. 

cornparatlvely email. Aooording to MME-DNPM [ 19881. tbe ebe al fhe 

mlnlng areu acoounled ror 5 , 175 aq km In the North and the NorU-.t 

ol the oounlry. Thie wu 0 . 1 percent of Brazll'a cloeed torest .,._ iA 

1980 and 0 . 2 peroenl of the primary foresl area in 1989. A.aawning lhat 

all of lhus mlnlng land waa oovcred wilh lropicaJ Coreat• prlor lo 1910, 

lhe average annu.al clearlng for mineral exploitation iJs 646 aq km in tbe. 

1981 - 1988 perlod. Oiven an average annual deforeelalion of 2A, 300 aq 

km, u lt wu eetlmated ror lhe 1981-1988 period (Table 16) , t.he mirung 

eeclor'• dlrecl conlribulion to tropic&I detoreetation waa 2. 6 percent in 
1 

lhe eighUee. 

The bulk of deforeetatlon caused by lhe mlnlng eector in Brazilian 

Amazon can be dlrectly allributed lo lhe development of lhe C.,aju 

mlnlng area, which 1a 4,290 aq km and thua by rar the IArgeat minina 
project that hu been undert.al<en in tropicaJ roresl areas ( Shaw, 1990, 

p. 91) . Even neglec:tlng that only a part of thia area waa oovered with 

tropical ra.in roreste, the Caraju mlning area amounte to a 1MJCimwn of 
0. 1 percent of the forest area In 1980 and 0 . 2 percenl of lhe prinary 

Corest area in 1989. Agaln, thia iB a relatively smaJI amount compared to 

an annual rate of deforestation of 2. J percent In 1989 and of 0 . 4 percent 

in 1980-1985. 

Hence, there is rea.son lo aaaume that the major part of defor • 

estatlon related to mining sector development can be a.llributed to ret.ted 

induslries and infrastructure requirementa. lt hu been calculat.ed that 

approximately 2, 000 sq km have to be deforesled In order to meet lhe 

annual c harcoal requirements of the sleel i:ndustries In the Caraja.s ar-

1 Anderson, 1990]. 2 However, these calculations have been challenged 

by Nitsch [ 19891. who look into ACCOWlt t.hat the production of fuel~ 

per h a is aclually higher than il was planned. Accordingly, the forest 

loss resuHing from charcoal production is reduced to 400 sq km or J (1) 

percenl of annual deforestation in 1981-1985 {1989). 3 

1 Depending on lhe deforeslation dala used, lhc contribution of the 
mining sector varies bctween 4 . 7 perccnl in the 1981-1987 period 
(FAO/UNEP, 1981] and 1.2 in 1989 [ Myers, 1989). 

2 This amounts lo 15 percenl of annual deforeslation in 1980- 1985 or 4 
percent of deforeslation in 1989. 

3 The use of charcoal for mlnera.l processing is not uncommon in tropicaJ 
countries. lt has bcen reported lhal lhe processing of copper has led 
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Yet, forest clearing is due to related industries. Most of the 

aluminium smelters are localed nea.r Belem (in Barcarena) and Säo Luis . 

Moreover, most tin processing pla nts are located outside lropical forest 

areas. Hence, the Impact of tin and bauxite processing on tropical 

deforestation is negligible. This does not apply to the 17 iron and sleel 

plants located along the Carajas railroad which were planned to starl 

operation in 1990. Following maps published by Kohlhepp 11987], ap

proximately 800 km of this rai lroad have been constructed in rain for

ests . Assuming that these steel plants and other infrastructure services 

cover an average strip of l km on each s ide of this railroad, this res ults 

in a deforestation of an area as !arge as 1,600 s q km. 

lf all projects of the Grande Carajas Program, which s tipulates a 

rapid industrialization of the r egion until 2010, a re realized, this would 

cause the degradation and destruction of an area totalling 900, 000 sq km 

1 Alvers, 1989; Shaw, 1990) . Ass uming that 80 percent of this area is 

covered with trees, the resulting deforestation and degradation would 

comprise 20 percent of the c losed foresl area in 1980 or 40 percent of 

primary forest in 1989. However, the majority of the projects of this 

program are not related lo lhe mining seclor, as they comprise agri 

cultural projects (64 percent of approved projec t s) and cattle farms ( 19 

percent of approved projects). Hence , it is questionable whether the 

infrastructure requirements in this plannlng region can be attributed to 

the mining sector. 

Another sector, which is r e lated to the processing of minerals, is 

the generation of electricity. The generation of power in tropical coun 

tries, which are highly dependent on hydropower, is generally highly 

land-intensive. For thls reason, eleclrlcily generation is expecled to be 

a major cause of deforestation. Since e lec tricity generation is not directly 

related to lhe mining sector but rather to the mineral processing in -

dustry, the impact of hydropower production on deforestation will be 

discussed in the ne.xt section. 

to extensive harvesting of fuelwood in primary forestland in Zambia 
[Lewis, Berry, 1988, Ch. 111. Accordingly, in the fifties approxi
mately 2,500 ha of forest land had to be c leared. However, this figure 
ranges below 0. 1 percent of the remaining forest areas at the end of 
the seventies. 
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2. Dam Conatructlon and the Generation of Hydroefectrtctty 

Since the processing of ore is a highly energy-intensive form of pro

duction, investment in the power sector encompasses a )arge share of the 

infras truc ture requirements of the mining sector and its related in

dustries. Most moist tropical forest areas are Jocated in regions with 

!arge rivers bearing a high hydropower capacity. 

As it can be obtained from Table 28, most tropical countries have 

not been in a position to utilize the bulk of their hydropower potential in 

1986. Accordingly, the share of hydropower generation in the exploitable 

potentia l was below 20 percent except for Thailand and Sri Lanka. In 

Congo, Guyana, Madagascar, Papua New Guinea and Zaire this share 

ranked below 1 percent of the exploilable potential. For comparison, 

Japan, lhe USA and West Germany recorded s hares reaching 65, 81 and 

79 percent in 1986. In the case of Brazil, which bears lhe highesl 

hydropower potential among all tropical countries, approximately 87 

percent of lhe exploitable potential are located in Amazonia. In 1988, the 

utilization rate of the Amazonian hydropower resources was aJready 

comparatively high reaching 25 percent I Sommer et al., 1990]. In the 

same ve in, 86 percent of Malaysia's h ydropowe r p otential is located in 

Sabah and Sarawak, both of them being regions with the highest forest 

cover in Malaysia. 

Even though the hydropower sector is stiJI to be developed in many 

tropical countries, the current importance of hydroelectricity to the 

economy of the lropical countries is consid erable. Basically, electricity 

generation is an infrastructure service that does not provide a sizeable 

contribution to GDP and employmenl, once the cons truction of the dam is 

completed. For instance, the Tucurui dam whic h is one of the largest 

dams built in lropical forest areas, operates with a staff of 2,000, while 

30,000 workers were employed for its conslruc tion [ EK, 1990, p . 552]. 

Hence, employmen t effects r esulling from dam projec ts can only be 

expecled in related industries. Moreover, e leclric ity cannot be viewed as 

a tradeable good given the lack of inlerconnected systems in most parts 

of the world. T he supply of power a nd e lectrification is, however, 

believed to e nhance regional developmenl a nd to attract e nergy-intensive 

industries [ Mehltretter, Amelung, 1986) • Despite the low utilization of 

their hydropower potential, the elect r ic ity generation from hydropower 



110 

Table 28 - Hydroelectric Potential and Hydropower Generation in Selected 
Tropical Countries, 1986 

Exploitable 
Total hydropower generation 

potential Share of potential 

GWh i percent 

Bolivia 90000 1116.0 1.24 
Brazil 1194500 172052.0 14.40 
Costa Rica 37000 2890.6 7 . 81 
Guyana 63100 1.8 0.00 
Venezuela 330000 31400.0 9.52 
Cameroon 100000 1500.0 1.50 
Congo 50000 75.0 0.15 
Gabon 32500 420.0 1.29 
Hadagaacar 32000 262.0 0.82 
Senegal 200 o.o 0.00 
Zaire 530000 4000.0 0.75 
tndia 600100 52539.0 8.76 
tndoneaia 709000 9517. 7 1.34 
Malaysia 114779 5149.0 4.49 
Papua New Guinea 95000 500 . 0 0.53 
Sri Lanka 6000 2395.0 39.92 
Thailand 17700 4860.2 27.46 

Source: Water Power and Darn Construction Handbook [ 1988) . 

plants provides a considerable contributlon to the national power supply. 

As Table 29 shows, the share of hydroelec tricity plants in total installed 

capacity exceeds 20 percent for mosl of the tropical countries lis ted. The 

share of hydroe lectric ity in total power generation is even higher, s ince 

hydropower plants are used to meel lhe base load demand, thereby 

serving lhe needs of the indus lrial sector. 

In order lo utilize lhe hydropower capacily of lhe rain fores l arens 

a number of large dams have been buill . A lisl of lhese dams can be 

obtained from Amelung and Diehl 119911, which also contalns !arge dams 

under planning and construc tion . In addilion, the second part of the list 

includes a number of smaller dams, which have been compiled for 

Venezuela, Malaysia, lndonesia, Ztlire, Cameroon, Colombia and Brazil. 

Except for Venezuela, whic h has built a number of smaller dams in rain 

forest areas, the inc luslon of these smaller dams does not alter the 

results. There are two reasons for lhat. First, most of these smaller 

dams have been constructed in the fifties and the sixties. For this 
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Table 29 - Hydropower Generation in Selected Countrles, 1980- 1988 

ID1t■lled c apacity (P ) Slectricity geaerat ioe (Gn) 

by4ro l total 1 11) +12) by4ro 1 total 1 ())+(41 

11) 1 121 l perc,sit (JI 1 
(41 1 perctat 

tolhh (1914) 30, 5U 53 . 7 11'5 105 70. 5 

lradl lal l1U6l )9102 '61'9 H . 7 19)100 211100 91.2 

Cololll>h (a l l1UJ) )5)9 5550 u .• 151H 2)03' 65 . 9 

Co1ta lica IUHI 6)1 u, 77 .0 2975 )067 97 .0 

l cuador (1'151 7'1 111• '1.7 n,o U90 72 . 2 

Guatoaala(bl 11U7l U2 U2 5,.5 111, 1911 89 . 7 

CUJIDI l1Hl) 2 10 1.2 5 05 1.1 

Boodur•• (c) (1914) lll 273 0 . 1 174 11H 73 •• 

Btxico 119H) 6SJ2 21210 JO.I 19900 n,oo 22.) 

Jfic 1r1gu1 (a) l1U5l 100 n• 29.6 256 U6 26.0 

Paoaaa l1Ull 2U 10, ,2 . ) "' 22)9 Ja. 7 

Paraguay (UU) uo 900 91. 9 lUO 16U 
,,_. 

Peru IUUI 3050 )575 57 , ) 1005' 12,J5 77 . • 

SuriDue 11Ull U9 415 45 ,5 725 1300 55 • • 

Vanaiulla 11UJI )500 9112 )5. 7 17000 '1700 40 • • 

Ca■erooD IUU/a5J 527 uo 16. 4 2JU 2374 97. 7 

Cutral Uricu 
lopulllic (a) (UH) 20 JO 66 . 7 '5 61 95.6 

Coagola l 119U) 120 1'9 ao . 5 251 25) 99.2 

lquatorhl GuiH• (al (UIO-Ul 1 7 U . J 2 2' 7. 7 

Caboa 11U5) )29 .. •• 661 161 77.5 

Ghana (UUI 1072 1115 90.5 )670 )70 97 ., 

OuiD11 (19161 '7 176 36. 7 165 07 )).2 

1,orr Cout la. d) (UH/16) 05 116) 7'. 1 un 2016 57. l 

Liberia (UHl u )25 24.9 Jll au Ja • • 

ttad111,car (1915) 45 102 U .l 25a 4'2 55 • • 

Wi goria (al IUH) 3171 •• .. 25U 901' U.7 

awa.rada IUHI 4) " 9) . 5 " 9' .J '7.5 

Sierra LIODI (UUl 3 110 1.• •• •• •• 
Zairt IUaJI 1'61 1716 "·' '150 421) 91 . 5 

IGgladub (UIJ) 1)0 10n 12. 0 U2 115a 17 .6 

l uraa(a , 1 ,U UU7/ 11) Ha 74, )4., 1121 227' 4'.2 

Iodhla,;l (1916/17) u " n ., 54 l U U.6 

Jadon11ia (1'161 1660 1470 19.6 7040 2'850 2).6 

11apuc b11(1) (19141 10 )5 U . 6 JO 70 U.9 

ftalayoia (Va1tl 119151 1229 )07 )1.5 JJOO 1ll'1 2,. 7 

Papua ••• CuiDII 119UI 100 321 )0.5 )06 12'6 24 . 2 
Pbillppio11 11915) U39 65U 27 .9 7409 21011 )5 . J 

Sri Lukalbl IUH/17) 50 au 66.7 2177 2707 10. 4 
Tbailaod (i) (1912/Ul 15)1 507) JO. J ,ou 22029 11.5 

1• 1 Data iocludo ooly pul>llc 1nterprh••· - (bl Ioatalltd capacity r•f•r• only to public 1at1r-
(4) l01tallod capaci t r : UU; olec-prhu. - lcl O,,ly "bpr111 Jlacional de ln1rf11 116ctrica•. -

U) ODly "llectr ic Power Corporatioo" . -tricity g1a1ration: 1916 . - (el Perio4: April - ftarch. -
(gl l01ta1l14 capacity: pod tion 11 ptr Narcb J1 . ltl7; 1l1ctricity 01a1r1tion: 1916/17, ~r1o4: 

- (bl Iootallad capacity: 1,1,; 1l1ctd:city q1a1r1tion : un. oolr April - ftarch . 
trlcity toard" , - (ll lootalla4 capacity: 1913; olactricltr goaoratloo: 1914 . 

Source: Statistisches Bundesamt 
1989a-o; 1990&- fl . 

11986a; 1986b; 1987a-p; 

"'Ceylon llec-

1988a- p; 

reason, the Impac t on deforestalion in the seventles and eighties is 

relalively small . For instance, all of Zalre's dams in tropical rain forest 

areas have been built between 1949 and 1956. In the same vein, the only 



112 

rA,~ foresl areas was buill in 1953. 1 
dam whkh 1s localed in Cameroon's u, 

Second, these dams have been quite small in lerms of lheir reservoir 

area which can be laken AS an indicalor for lheir foresl conversion. The 

five dams located in Zaire's rain forest areas, account for a reservoir 

area Adding up to 19 sq km. In the same vein, lndonesia's only dam 

which has caused major tropical foresl conversion hAS A maximum reser· 

voir area of 16 sq km. 

In the sevenlies and lhe eighlies lhere WAS a lendency lo construcl 

fewer and (arger dams which led lo higher r ales of land conversion lhan 

lhe sum of smaller dams lhal had been buill prior lo lhat. Despile of the 

small number of large dams localed in lropical foresl areAS, lhe flooding 
2 of forest land was substanlial, as il can be oblained from Table 30. 

However, in relative terms, deforeslalion due lo large dams can be 

regarded AS negligible. Assuming that the flooded areas have a forest 

coverage of 100 percent, the share of flooded areas, due to dams, in the 

total remaining forest area in 1980 did not exceed 1 percent for all of 

the seven countries that have underlaken major dam projects. 

While countries like Cameroon and Zaire have not performed major 

dam projects in tropical forest areas in the 1970-1990 period, the forest 

area converted into dam reservoirs in Malaysia and Indonesia ranges 

below 0.01 percent in terms of existing forest areAS in 1980. Only in 

Brazil this conversion is quite high in terms of existing forest areas in 

1980. The two (arge dam projects, which have been planned in Suriname 

and Sarawak (Malaysia) respeclively, have been cancelled in the 
eighties. 

In Brazil, the coun try with the largest number of !arge dam pro· 

jects, lhe area flooded reaches only 0. 2 percenl. Even if one includes all 

dam projects which enlered the planning s lage, the area consumption of 

1 
The related power generation is mainly supplied lo the clty of Douala 
and to an a luminium plant, whlc h went into operation in 1957 and has a 
maximum capacily of 60, 000 l of crude alumlnium p . a. 

2 
The areas of lhe dam reservoirs have been obtained from EK [ 1990). 
Rosa et al. 11988). Lazenby and Jones ( 1987] and !COLD ( 1988] . For 
some dams it was not possible to eslimale the conversion of land into 
dam reservoirs either because the maximum area of the reservoir was 
not avciilable or a pcirt of the reservoir is due lo a natural lcike or 
large river. In the firsl case, lhe area of lhe dam reservoir was 
eslimated by taking a s ixth of lhe dam heighl above the Jowesl 
formalion as an average deplh of lhe reservoir and dividing the 
maximum reservoir capacity by this average depth. 
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Table 30 - Tropical Foresl Areas Converled inlo Major Reservoirs for 
Hydroeleclricily Generation, 1970-1990 (a) 

B1timated area converted Por cmpariaon: 
into reservoirs, 1970-1990 

estimated annual rate• 

total 1bare in clo■ed of defore,tatioa 
forest area, 1980 

1 1980(b) 1989(c) 

•q km percent 

Bradl 7700 0.2 0.4 2.3 
Colombia 22 o.o 1.8 2 . 3 
Mexico 434 0.2 1 . 8 4.2 
Venezuela 286 0.1 0.7 0.4 
Indonelia 16 o.o 0.5 1.4 
Malaylia 1 0.0 1.2 3.1 

(a) This table includes also daml under construction. Dame tbat are in 

a planning stage are excluded. - (b) PAO/ONEP estimates for closed 
forest . - (c) Kyer1'sestimate1 for tropical moist foreet. 

Source: Table 3; Amelung, Diehl [ 1991, pp. 235-237]. 

hydroeleclricily planls does not exceed 0. 6 percenl of primary forests in 

1989. Neverlheless, the exploilation of hydropower may become A major 

source of deforeslalion in Brazil in the nexl two decades. Following the 

Energy Plan 2010, about 80 dams are to be built in the Amazon basin. 

All planned dam projects are located in tropical rain forests except for 

those dams that are buill at the upper Araguaia-Tocantins river system. 

lt has been estimated that the area of the dam reservoirs would total 

approximately 100,000 sq km I Fearnside, 1989] . This is roughly 6 

percent of all remaining tropical moist forests in 1989. 1 These figures 

are, however, highly speculative, AS lt is presumed that all dams that 

are currently under planning will be aclually constructed. Given the 

current low degree of capacity utili.zalion in Amazonian power planls, it 

seems to be like ly thal eight !arge dams will be finalized until 2010 

covering an reservoir area of 20,000 sq km I Nitsch, 1989]. 

1 Since the fores t coverage in the respectlve areas is often below 100 
percenl, thls flgure is probably too high. 
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The percentage share of dam construction in total deforestation is 

quite different aoross countries in the 1970-1990 perlod. There are only 

a few countrles whic h have underlaken large dam projecls in this period, 

namely BrazU, Malaysia, Mexico, Venezuela, and lndonesla. 

Follo wing our own estlmales of deforestalion in lhe 1971- 1988 perlod 

(AS they can be oblained from Table 16), lhe percenlage contrlbullon of 

dam reservoir constructlon to tropical deforestatlon ylelds 1. 6 for Brazil, 

0. 04 for Malaysia, 0. 4 for Mexlco, 0 . 5 for Venezuela and 0. 02 for ln

donesia. 1 Since only a few countries have built large dams in lropical 

foresls In lhe 1970- 1990 perlod, the contribution of dam conslrucllon lo 

global rain forest deforestation is approxlmately 8, 500 sq km or 0. 5 

percenl. (If one takes deforeslalion data of lhe F AO and Myers, this 

percenlage rate ranges between 0 . 3 and 0 . 6. ) Hence, lhe direct impao t 

of dam construc tion on the destruction of trop!cal forest ecosystems is 

comparatively small. 

The calculalion of pe.rcentage s hares of large dam projects in 

deforestatlon on an annual basis or for a given period of time is highly 

arbitrary. Annual rates of deforestation as they have been calculated b y 

Myers 11989] and Lanly [ 1982] are long-term averages. Fluctuations from 

one year to another cannot be excluded. A part of these fluc tuations 

may be due to large projecls like dam construction. Usually the flooding 

or c learing of areas takes less than two years, while few large dam 

projects are finalized irregularly across time. If one r e lates the 

deforestatlon due lo the dam reservoir to the average annual defores

tation in the period of the dam construction, the resulling share in de

forestation would definilely be an overestimate, since large dam projec ts 

1 
lf one takes the annual deforestation r ales estimated by the FAO for 
1980- 1985 AS annual average deforestation in the 1970- 1990 period, the 
percenlage conlribulion of dam construction is 2. 8 for Brazil, 0 . 02 for 
Malaysia , 0. 5 for Mexlco and 1. 1 for Venezuela. However, these rela 
tive shares should be r egarded as maximum rales, as the FAO figures 
for 1981- 1985 are like ly to be underestimations. lf one takes Myers 's 
( 1989] deforestalion rates for 1981 - 1989 as an annual average for the 
1970-1990 pe.riod, lhe contribution is 0. 8 for Brazil, 0 . 01 for Malays ia, 
0 . 3 for Mexioo and 1. 0 for Venezuela. while the percentage s hare for 
lndonesia is 0. 01 in bolh estimations. lt s hould be noted, however, 
lhat Myers's 11989] estimations are like ly to give the lower margin for 
lhe hydropower seclor's conlrlbution, since annual average defores 
talion in the 1970- 1990 period was lower than deforestalion in lhe 
eighties. 
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are not finalized every year but rather irregularly. Por purposes ol 

comparison, Table 30 yields also the average annual rates of defores

latlon. 

lt has to be concluded that the deforestatlon which is directly 

related to large dam projecls was only marginal, since lhe area oovered 

wlth dam reservoirs was relallvely small compared to total forest con

verslon. However, this must not apply for related industries. Moreover, 

the aase of Brazil shows that the maj:>rity of industrial energy consumers 

is located in large eitles or outside tropicaJ forest areas. Nevertheless, it 

oan be expected lhat in the fulure the availabilly of cheap electri.city 

will attraot electricity-lntensive industries , especiaily lhe melal

processlng sector, a part of which wi.11 also be located in lropical forest 

areas . These plants in turn may directly and indireclly add to fulure 

deforestation. 

AJthough lhe hydropower sector is sUJI to be developed in many 

developlng countries, there are already some countries in which lhe 

development of the hydropower potential in lropicaJ rain forest areas 

provides already a considerable contribution lo nationa.1 eleclricity 

generallon. In 1986 !arge dams in tropical rain forests accounled for 9 

percent of Brazil 's total lnslalled capacity. 1n Mexioo, Colombia and 

Ghana this share was 17, 18 and 74 percent. Since the h y dropower 

sector serves predominanUy lhe base load demand by induslrial users, 

the development of such sizeable hydropower polentials in tropical forest 

areas may become a maj:>r stimulus for industrial development in tropicaJ 

foresl areas and additional deforestation. Howevcr, this must not hold 

true for countries, in which the processing of m!nerals relies on the use 

of charcoal and firewood . As thc clearing for energetic use of wood is 

much !a rger than the a_reas flooded for dam reservoirs, lhe use of elec

trioity in manufac turing inslead of wood and charcoal is likely to reduce 

deforestation. 
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VI. Summary and Concluslons 

1. Sourcee of Deforestatlon and Forest Degradation In Troplcal Countrtes 

As the previous chapters have shown, there are 11. number of economic 

sectors using the rain forest as 11.n economic resource. thereby depleting 

the rain forests. The forestry 11.nd the wood industry in tropical coun

lrl.es make use of the tropical wood in these foresls. For the 11.gricultural 

sector the tropical forest areas constitule 11. huge land reserve which can 

be utilized to expand 11.gricultural production. ln addition, there are 

many non-wood forest products which can be exlracted without major 

forest dislurbances. The mining sector 11.nd lhe related process ing in

dustries located in tropical foresl 11.reas engage in the exploitalion of 

mineral resources and of the hydropower potential, which facililates the 

generation of electricity and, hence, investment in energy- intensive 

industries. 

For various reasons, an assessment of the percentage share of 

these economic aclivitles in destructlon of the rain forest ecosystem has 

to remain tentative. First and foremost, il is the weakness of most 

official data sources that stems from the lack of global forest in

ventories. Hence, it cannot be discrimlnated exaclly between forest use 

categories (for example, virgin for est, seleclively logged forest or 

secondary forest in the shifting cultivation cycle) . Even the FAO figures 

for total forest area on country level were repeatedly corrected back · 

wards due lo thls methodological problem. Second, official data on defor

estalion, which In FAO sources 1s a reduction of the crown cover to less 

than 10 percent, 11.re only provlded for c losed forests 11.nd open for · 

malions. lt should be kept in mind, however, that closed forests 

especially in West Africa 11.nd some South Ame.rican counlries comprise 

11.l.so formalions other than moist evergreen. In 11.ddition, deforestalion 

rates 11.re in many cases lhe result of exlr apolating scatlered information 

on country level with popu.111.lion growth rates. In the case of forest 

degradation the estimation is even more difficult since degradalion is 

sometimes only gradual. Finally, lt is hard to blame one specific sector 

for deforestalion, when the foresl resources have been used successively 

or joinlly by several sectors. In 11.ddition, the identification of the 

seclors invoJ.ved is 11.lways lo be enriched wilh hints on the complex 
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system of incentives and dlsin.centives that indirectly causes the forest 

disturbance. 

Table 31 shows the estimated percentage share of various economic 

activities In deforeslation for the three countries studied and average 

values for 40 tropical countries . Accordingly, the agricultural seclor 

recorded the highest share in all tropical countries ranging between 80 

and 100 percent. Withln the agricultural seclor the shifting cultivators 

11.CCOunted for the Jargest share of deforestalion in lndonesia, Cameroon 

and on 11.verage for all tropical countries. The expansion of areas under 

shifting cultivation is not simply caused by high population growth 

rates, but is due lo 11. bundle of reasons, including national settlement 

programs, soll degradalion on land areas cultivated before and the 

frequent marglnalization of the rural population. lt has to be noted, 

h owever, lhal presently a large part of the shifting cultivators comprises 

small market-orienled farmers producing cash and expert crops and not 

for pure subsistence needs. Hence, the separation between shifling 

cultivations and the pioneer front of more sedenlAry farnüng systems is 

in practice rather superficial. While shifting cultivalors 11.CCOunled for the 

largest share of deforeslation in Indonesia and Cameroon, their respec

tive share is relatively small in Brazil, where the major part of de

forestation is due to livestock production. 

By contrast , lhe mining industry 11.nd relaled processing facilities 

accounted for 11. very small share in total deforestation, as the analysis 

for Cameroon, Brazil 11.nd lndonesia shows. Only in Brazil , where a 

number of mining projects in tropical rain forests have been established 

in the last decade, the deforestation due to the mining industries and 

the respective infrastruclure requiremenls exceeded 2 percent. In the 

same vein, large dam projects have not significantly added to worldwide 

deforestalion in relative terms . Again, il was Brazil, which has recently 

built a number of dam reservoirs in rain forest areas . The share of 

lhese dam reservoirs in deforestation was 2 percent against an average 

of less than 1 percent for 11.II major tropical countries . 

The forestry sector recorded relalively low shares in terms of 

deforestation because in most tropical countries trees have been 

harvested through selective logging ralher than total clearing. Seleclive 

Jogging does not add to deforestation following the definition given 

above, even though the reduction of biornass and the modificatio n of 
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Table 31 _ Sources of Deforeslation in Troplcal Cou.ntrles, 1981-1990 
(percent) (a) 

All major 
Bra:dl Indoneaia(b) Cameroon tropical 

countriee 

Foreetry 2 9 0 2- lO(c) 

Agriculture 91 90 100 86-94 
eh.ifting 

79 41-49 cultivatore(d ) 15 59 
(23) (67) (95) (47) 

permanent agriculture 76 31 21 45 
of which1 

paeturee 40 0 0 24 
permanent cropa 4 3 3 3 
arable land 32 28 18 18 

Mining including 
related induatriea 3 0 0 1 

Dam conatruction 2 0 0 1 

Other(e) 2 1 0 2 

(a ) Pigurea refer to deforeetation of closed foreats in the strict 
sense, i.e., degradation has not been regarded . - (b) Estimates pro
vided by Pearce et al . (1990) have been reconciled, using mainly PAO 
eourcee. - (c) The higher figure ia from EK [1990), where the l ose of 
biomass through logging activitie■ has been eatimated. - (d) Figures in 
parentheaee are taken from FAO/UNEP [1981). Other figures have been 
calculated ae residual. - (e) Road conatruction and other induetriee. 

Source: Anderson [ 1990) for the forestry sector in Brazil (see Seclion 
V.1) ; FAO [c) and FAO/UNEP [ 1981) for the agriculture sector 
(see Tables 16 and 20); Pearce et al. [ 1990) for additional 
Information on Indonesia (see Table 19) ; own calculalions for the 
mining seclor (see Section V. 1) and for dam construclion ( see 
Table 30) . 

foresls lhrough seleclive logging may inc ur serious ecological damages 

and economic cosls. Fuelwood produc tion is not a major fac tor in con

version of t.ropical moisl forests, since predominanlly open foresls , 

shrubs and planlalions are concerned. Moreover, people collec ling fuel 

wood concenlrale on broken or dry lree parts, and on logging waste. ln 

the long run, however, the biomass reduction due to fuelwood collecting 

may conlribute lo soil degradalion . 
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1n order t.o lake account of the damages cau.sed by the forestry 

seclor other measures lhan deforestation have lo be assessed. Table 32 

features two other indicators namely percenlage share in biomass re

duct.ion and percenlage share in forest modification. Assuming that the 

ecological a nd economic damages can be measured by the degree of 

biomass reduction, this percenlage rate can serve as a proxy for the 

combined sect.oral share in deforestation and forest degradation. De

gradation is especlally high in Indonesia, where the number of trees 

harvested per ha is !arger than in Africa and Latin Arnerica. As Table 

32 shows, the forest.ry's share is much higher than its share in defor 

estation lf one accou.nts for forest degradation. Nevertheless, even in 

terms of biomass reduclion the agricultural sector recorded the lion's 

share in forest dislurbance. 

An alternative measure, namely forest modification, assesses the 

share of various economic activities in converling virgin forests into 

productive closed forests or other forms of land use. According ly, even 

minor disturbances would be considered as an irreversible damage. The 

rationale behind this concept is the assumption that forest modification 

opens up the "virgin forests for other economlc sectors, in the s ense that 

successive users of tropical forest resources face lower costs of Inves t 

ment in infrastruclure. If one takes the percenlage rate of forest 

modification as a yardstick, the forestry sector accounted for nearly all 

foresl modlficalion, s ince llgrlculture a nd olher sectors rare ly entered 

virgin forest formations, but already disturbed or modified forest areas . 

However, lhe per cenlage s hares in forest modification cannot be 

inlerpreted in such a way thal the forestry sector a ccounts for the lion's 

s hare in the destruc tion of lhe tropical forest ecosystem, and that a 

prohibilion of Jogging would preserve virgin foresls and hinde r other 

s ectors from entering these forest areas. There are two reasons for 

that. Firs t , forest modification d oes not measure the degree of disturb

ance of the r ain foresl ecosystem. Though forest modification certainly 

incurs ecologlcal damages, il d oes not n ecessa.rily destroy t he entire 

regene rative capac lly of lhe e cosyslem. This 1s to say lhat deforestation 

in degradaled foresl areas may incur mor e ecological damages than the 

degradation itself, since il is only Clearing whic h involves a complele and 

almosl irreversible destruction of rain forests . 
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Table 32 - Sectoral Share in Porest Degrada tion and Porest Modification, 
1981-1988 (percent) 

Share in bi011u1 reduction Share in foreat IIOdificetion 
( degrada tion) 

Bradl! Indonuial caaeroonl 
Total 

Brasil 1 Indoneaiel c._roonl :~~l (bl 

ror11tr1 6 44 10 10 (lOO)(C) (lOO)(C) 98 71 

Agriculture(d) 87 '' 90 a, 0 0 2 ze 

Othero(d) 7 1 0 4 0 0 0 4 

(a) Por the definition of aodification and bi ... u reduction (degredetion) , aee Cbapter 
III . - ( b) Total refero to all aajor rain foroot countriH (Cbapter III), - (c) Pollov-
ing PAO otatittic o, deforootation in virgin forHta 11 o, aince cluring by agricultun 
and other 11ctor1 concentrate1 on ditturbed forHta. lven though , ... clHrin1 occuro 
in Yirgin foruta , t.h1re 11 reaaon to a11\UDII that the bulk of deforHtation 11 du• to 
foruto that have been logged over prior to the c learing of the 'rHpective areu. -
(d) Thue figurH have been deriYOd fr011 Teble ll and reflect aver&&H for the 1981-1988 
period or, in the ca u of Indonuie, t.he 1980-1990 period . 

Source: As for Tables 12 and 31. 

Second, the opening up by the forestry sector could only b e regarded 

as the main source of forest disturbance, if il was c lear thal otherwise 

potential users face prohibitive cosls of entering virgin foresls. T h is, 

however, is a strong assumption, whic h does not hold true for all for-

mining activities, dam projects 

not depend on infrastruclure 

in countries, in which the share 

ests and all economlc sectors. Basically, 

or large-scale agricultural holdings do 

established by the forestry sector. Only 

of shifting c ullivators in deforestalion is very high, logging can be 

considered as a necessary firsl slep of des truc llon by opening up foresl 

areas . Hence, a prohlbltlon of forestry a c livities cannot be considered as 
a general solution in the lh sense al defores lation would be reduced lo a 
large exlent. In this r t f cspec , urther rcscarch is nccdcd in o rder lo 
find out to what exlc t J J n ogg ng aclually facilitates succcssive economlc 
aclivities. 

2. The Impact of Troplcal Rain Foreet Resourcee for Economlc 
Development In Troplcal Countrles 
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All of thc rcsources and commoditics cxploited and produced in rain 

forests are of relatlvely minor importance for the world economy, si.nce 

their sharc in world trade, world production or world reserves ia com

parativcly low. However, a complele ban of these commodities from world 

marke ts could lncur price inc reases and severe regional dlsparities 

during the adjustment process in the industrialized countries, since some 

countries hcavily rely on troplcal resources, as, for instance, Japan on 

troplcal roundwood. 

This does not apply to the relevance of these resources to the 

economles in tropical countries. AJI of the tropical countries can be 

classified as developing since they aim at an improvement of their eco

nomic welfare relative to the lcvel prevaiJing in industrialized countrics . 

Producers, consumers and govcrnments in tropical countrics regard 

tropical forest r csources as an input for their economic development. 

Despite the detrimental ecological and economic impact, the exploitation of 

these resources may follow a n economic rationa.le. The underlying reason 

is that, givcn the low lncome Jevels and the abundance of rain foresl 

resources in many lropical countrics, short-run goals like serving the 

basic needs of the population are given a higher priority than long- run 

goals likc prescrving the environmental quality. 

Thc contribution of rain forest resources to devclopment is common

ly measured in terms of lhree indicators, namely the conlribution of 

thcse r esources lo lhe export p erformance of the economy, the share of 

exploitalion and p rocess ing of thcse resources in GDP as weil as thc 

employment resulting from these activities. The export performance of 

the respective sectors can be of major importance to many tropical coun

lries because il affects lhe credibilily of lhe country on world capiW 

marke l s and lncrcases the counlry's imporl capacity. Many tropical 

countries a re highly dependent on Imports of capilal goods to enhance 

induslrializalion and development. Morcovcr, thc share in GDP shows to 

which cxtenl produclion in lhese countries depends on rain forest re

sources. In thc same vein, lhe contribution of sectors using rain forest 

rcsources to total employment revcals lo whic h extenl these scctors help 

to Jower uncmployment and underemployment in tropical countr ies . 
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On the other hand, it should be accounted for the costs of ex

ploiting or converting forest areas in terms of lost revenues from forest 

products and environmental degradation I Farnworth et al. , 1983) . The 

case studies in Browder [ 1989) indicate that extensively harvested 

non-wood forest products, for example, nuts, vegetable oils, natural 

rubber or hunted animals may sustainably contribute a large share to 

rural income. Deforestation thus imposes an annual cost on the regional 

population in terms of income foregone. Concerning the environmental 

aspect, part of the detrimental consequences, for example, tbe de

gradation of watersheds and of soils , is also revealed as income fore

gone. since the regional revenues in agriculture decline. Othe r con

sequences are typically not monetary or not visible, for example, lower 

water quality or changes in regional or global climate. Although all these 

costs are obviously far from negligible, they have not been considered in 

the present study due to the weak empirical data base. 

As far as the agricultural sector is concerned, there are a number 

of countries, in which the conversion of tropical forest areas adds a 

sizeable share to total agricultural land. In 1988, more than 5 per cent of 

agricultural land in lndonesia, Brazil, Costa Rica, Ecuador, Gwi.temala, 

Suriname, Cameroon, lvory Coast and Thailand consisted of tropical 

forest converted in lhe 1981-1988 period. Even though these per centage 

rates s eem to be very small, one should not forge t that only agricultural 

land in the 1981- 1988 period has been considered. lf one includes land 

c leared in the seventies, the percentage shares given above generally 

increas e . For some countries, for example, Costa Rica, the Phllippines 

and Thailand, !arge shares can be recorded only in the seventies. 

According to our eslimations for Cameroon, agricultural produclion 

on areas converted in the 1981-1988 period in Cameroon comprised ap· 

proximately 3 percent of agrlcultural production in 1988 exc luding live

stock produc tion . In lndonesia, this share was S percent and in Braz il 7 

percent of agrlcultural production. Whereas in lndonesia and Cameroon 

livestock produollon in tropical forest areas plays only a minor r ole, in 

Brazil 5 percent of production in 1988 was due to pastures c leared in the 

1981- 1988 perlod. Employment effecls due to these cattle ranches were 

negliglble reaching les s lhan 0. 1 percent of national employment in 1988. 

In the same vein, expert shares of cattle produc tion should be negli 

gible, sinoe production in lropical forest areas is mainly for the domestlc 
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market. On the whole, agricultural production on areas converted in the 

1981- 1988 period accounted for less than 2 percent in all three countries 

analyzed. 

The imporlance of agriculture in terms of employment cannot be 

quantified, since a !arge share of the s mall producers are not included 

in government statistics. Howeve r, it can be assumed that the rol.e of 

agricultural employment in tropical forest areas is greate r than the 

percentage shares in total produc tion given above. The reason is that 

lhe majority of agricultural holdings in tropical forest areas are small 

farmers and shüling cultivators using less sophisticated agric ultural 

technologies compared to producers in non-forest areas . 

The contribution of the forestry sector to employment and GDP 

cannot be estimated on a global level , since in most official data sources 

this sector is not sepa rated from agriculture. Howe ver, there are a 

number of countries, in which the exports of this sector accounted for 

more than 5 percent of total export revenues in 1988. lf one includes 

proces sed wood, this share exceeded 10 percent for most countries in 

Africa and Asia. Moreover, in 1980 the p r ocessing of wood recorded more 

than 10 peroent of employment and more than 5 perccnt of value- added 

in the manufac turing s ector for the majority of tropical countries. Hence, 

both in terms of employ menl and cxports the logging and processing of 

wood s eems to be an important industry in most lropical countries . 

Compared to the respective s hare in d eforestation or even in bio

mass reduction, forestry and wood processing scemingly exceeds the 

agricultural holdings on newly deforested land in its economic relevance. 

This result, however, is s ubject to some restrictions of our analysis. 

Firs t, major components of both sec lors could not be analyzed quanti 

tative ly. This applies to lhe shüting c ultivation sector as well as to the 

harvesting of non- wood forest produc ts . Second, ncither agriculture nor 

fores try have been analyzed in le rms of sustainability . This is to say, 

that the r elative irnporlance of forestry decreases in those regions, 

where lhe r egenerative capability of the forest has been seriously 

affecled, s ince the foreslry revenues from this r egion cannot be 

regarded as pe rmanent. 

Des pile the rich endowment with mineral resources in tropical 

counlries and in tropical forest areas in partic ular, only few counlries 

have established sizeable mining operations in tropical forest areas , for 
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example, Brazll, Guyana, Venezuela, Ghana, Zaire, lndonesia, Malaysia, 

Papua New Guinea, 

countries analyzed, 

Thailand and the Philippines. Among the three 

lndonesia and Brazil show sizeable reserves in 

tropical forest areas, while in Cameroon the exploitation of mlneral 

resources is not profitable given their small resource base and poor 

reserves. In Indonesia, the majority of the mines located in tropical 

forests have started production more than 20 years ago. This does also 

apply to Indonesian oil fields located in ra.in forests. These fields ac

count for a third of lndonesia's oil production capacity and a half of the 

country's reserves, th\ls being of major economic importance to the 

country. However, since recent conversion of tropical forests into mining 

land was extremely small even in terms of absolute area size, its 

respective contribution to exports, employment and GDP was negligible. 

Even in Brazil, which experienced a strong expansion of mining 

land into rain forest areas in the recent decade, the mining sector and 

their related processing facilities in tropical forest areas generally 

accounted for negligible shares in GDP and total employment. In 1987, 

mining operations in rain forest areas recorded only 2 percent of GDP, 

while the share in national employment was less than 0. 1 percent for the 

same year. This, however, is not surprising, since in most tropical 

countries the mining sector does not account for sizeable shares in total 

employment and GDP. By contrast, the export of mining products con

stitutes a sizeable share in the countries' total merchandise exports. For 

the case of Brazil, mining industries located in tropical foresl areas 

accounled for 5 perce nt of the country's merchandise exporls in 1987. In 

this respecl, mining industries in tropical foresl areas provide a 

significanl conlribution to lhe country's development. 

The relatively low shares of mining in tropical foresl areas in 

employment, GDP and total exporls do not allow for the conclus ion thal 

mineral resources in tropical forest areas are of minor economic 

importance for tropical counlries. First, it has to be accounled for the 

facl that currently only a minor part of mineral deposits in tropical 

forest areas is under mining, while it can be expecled thal the mining 

sector in lhese areas will be developed in the future. This applies 

especially lo countries which have a large share of their mineral re -
sources 

Brazil, 
of one kind located in rain foresls, for example, Indonesia, 

Suriname, Guyana, Congo, Kampuchea and Laos. Second, the 
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above analysis has neglected all industries depending on minerals 

produced in mines in tropical forest areas. 

In the same vein, the hydropower potential in tropical forest areas 

is currently not fully utilized. There are a number of countries in which 

a )arge part of the hydropower potential is due to rivers or basins in 

rain forests, for example, Brazil , Cameroon, Malaysia, lndonesia, 

Guyana, Gabon, Venezuela, Zaire, Papua New Guinea and Congo. In 

Malaysia and Brazil almost 90 percent of lhe hydropower potential is 

localed in rain forests . Because of t he low degree of utilization in all 

tropical countries, the present relevance of hydropower production for 

the domestic economies is only marginal. Only in Bra.zil, Mexico, Colombia 

and Ghana the share of installed hydropower capacity in tropical forest 

areas exceeded 9 percent of the total capacity in lhe eighties. Though 

these hydropower facilities do not significantly increase employment and 

GDP of the respective tropical countries, their Impact on development is 

quite s ignificant, since the supply of c heap energy can altract industries 

which depend on an assured s upply of electricity. Moreover, hydro

electricity generation widens the Import capacity of lhe tropical country, 

if hydropower replaces electricity generation from imported coal and 

fuels . 

Some hypotheses should be added, which deal with questions of 

natural resources and development slralegies, but which slightly exceed 

the objectives of the present study. 

First, the e xploitation of natural resources cannot be regarded as a 

sound basis of economic development, nor as a necessary precondition 

for rapid economic growth. A successful resource-based developecl 

strategy comprises plans for the Inves tment of resource revenues in 

domeslic manufacluring industries as weil as measures for the stabili

zation of ecological conditions. In both respects, many resource-rich 

counlries have failed, even under more favourable conditions of the 

world economy than those prevailing in lhe e ighlies. On the other hand, 

the experience of the sixties and seventies shows, that even Jess 

developed counlries with n o major natural resources can starl with a 

successful developmenl s lra legy, based on human capilal formation and 

step-wise industrializalion. 

Second, the world economy has pul severe pressure on all less 

developed counlries in the eighlies, especi.ally in lerms of availability of 
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it 1 Thls must not lead to the conclusion, however, that the 
foreign cap a • 

. f country to service its foreign debt coerces the accelerated obligahon o a 
exploitation of natural resources. The large amounts of foreign debt 

would cause less problems, if the respective credits had been invested 

properly in the seventies and if policy-induced economic conditions had 

been kept liberal, so that the debt could now be serviced out of Invest

ment revenues. On the other hand, even with !arge national debt obli

gations there are ways of maintaining the standing on world capital 

markets, for example, through improvements of the conditions for foreign 

direct investment and credible future liberalization announcements . 

Third, the role of projects financed by bilateral or multilateral 

development aid is ambiguous, since this category comprises !arge scale 

infrastruc ture projects as we il as pilot projects in forestry or agriculture 

aiming at the development of sustainable land use systems. Nevertheless, 

it can be stated that all these projec ts are in relative terms far from 

being an important contribution to rainforest disturbance. 

3. Assessment of Pollcy Measures for the Conservatlon of Troplcal 
Rain Forest Ecosystems 

Since it was not the objective of lhis study to develop policy concepts, 

the following policy conclusions have to remain brief and tentative. 

Nevertheless , there are three policy con c lusions that can be derived 

from the above analysis: 

1) The conservation of tropical forests can only be achieved by a bundle 

of policy measures as there a re a number of sectors involved in lhe 

disturbance of rain forests, especially agriculture and forestry which 

are the two main causes of deforeslation. 

2) Special consideration s hould be given lo an economic valuation of lhe 

ecological services of intac t forests, though the value cannot always 

be quantified exactly. Therefore, this bundle must encompass both 

domestic policy measures in the respeclive tropical countries as weil 

as international agreements. 

3) Even a !arge reduction of international trade in tropical hardwood is 

not 11.kely to directly reduce logging substantially, s ince the bulk of 

tropical hardwood is consumed in tropical countries, whereas the 
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reduclion of expert revenues incurs Jasses of their economic growth 

potential. Moreover, deforestation may even increase, since the 

economlc value of intact forests decreases if the cultivation of forest 

areas looses attention and the ecological functions are still not kept 

inlo account. 

As far as the forestry sector is concerned, long- lerm concessions 

should be introduced in order to create incentives for sustainable 

management ( Pearce et al., 1990]. Moreover, a resource use ta.x could be 

a useful policy instrument, which gives an incentive for an optimal use 

of wood resources. In order to enforce these policy measures, the 

capacity of forestry employees in tropical countries has to be improved. 

These measures aiming at the forestry sector have to be s upple

mented by agricultural policy r eforms, since agriculture is the main 

source of deforestation. In order to achieve an e fficient use of re

sources, land reserves outside tropical forest areas have to be allocated 

lo potential farmers, while special incentives for migration into tropical 

forest areas and production in t h ese areas have to be reduced. More

over , the present system of land titling in many tropical forest areas has 

lo be improved in order lo guarantee property rights , reduce extensive 

expansion of land and increase incentives for long- term agricuJtural 

holdings . 

Most of these policy measures are costly to Implement. In addition, 

the subsequent structural adjustment in the economy of the tropical 

countries is painful and hardly sustainable for some of these countries. 

On top of that, the governments of the tropical countries view the 

tropical rain forest as an Input for developmenl and may not be inclined 

lo r enounce the destruclive use of tropical rain f o res ts . He nce, even if 

the government follows an optimal policy from the tropical country's 

viewpoint, the resulting deforestation may still be too high from the 

perspective of industrialized countries, which derive benefits from the 

existence of the rain forest ecosystem. If n on- tropical countr ies have an 

interest in the persistence of tropical rain forest ecosystems, reform 

programs have to be supported by industrialized countries and multi

lateral organizations in order to be politically and economically 

suslainable and successful. Such a payment should be regarded as a 

compensation for the exporl of environme ntal services rather lhan as 

developmenl aid or a donalion from one counlry lo another. 
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. ital This musl not lead lo lbe conclusion, bowever, tbat tbe fore1gn cap . 
obligation of a country to service its foreign debt coerces tbe accelerated 

exploitation of natural resources . The large amounts of forelgn debt 

would cause less problems, if lbe respective credits bad been invested 

properly in the seventies and if policy-induced economic conditions bad 

been kept liberal, so tbat lbe debt could now be serviced out of Invest

ment r evenues. On tbe olher band, even with large national debt obli

gations there are ways of maintaining lbe slanding on world capilal 

markels, for example, lhrough improvements of the condilions for foreign 

direct inveslment and credible fulure liberalizalion announcemenls . 

Third, lbe role of projecls financed by bilateral or mu ltilateral 

development aid is ambiguous, since lhis category comprises !arge scale 

infraslruclure projecls as weil as pilol projecls in foreslry or agricullure 

aiming al lhe developmenl of sustainable land use syslems . Neverlheless, 

il can be slaled lhat all lhese projecls are in relative lerms far from 

being an imporlanl conlribution lo rainforesl dislurbance. 

3. Assessment of Pollcy Measures for the Conservatlon of Troplcal 
Rain Forest Ecosystems 

Since lt was not lhe objeclive of this sludy to develop policy concepls, 

the following policy conclusions have to remain brief and tentative. 

Nevertheless, there are lhree policy conc lusions that can be derived 
from the above analysis: 

1) The conservation of lropical forests can only be achieved by a bundle 

of policy measures as lhere are a number of seclors involved in the 

dislurbance of rain foresls, especially agriculture and forestry which 

are the two main causes of deforestation. 
2 > Special consideration should be given to an economic valuation of lhe 

ecological services of intact forests, though lhe value cannot always 

be quantified exactly. Therefore, lhis bundle musl encompASs both 

domes lic policy measures in the respective tropical countries 11s weil 
as international agreements. 

J) Even a large reduction of international trade in tropical hardwood is 

not likely to directly reduce logging substantially, since the bulk of 
tropical hardwood is 

oonsumed in tropical countries, whereas the 

127 

reduction of export revenues incurs losses of their economic growth 

potential. Moreover, deforestation may even increase, since tbe 

economic value of intact forests decreases if the cultivation of forest 

areas looses allenlion and the ecological functions are still not kept 

into accounl. 

As far as lhe foreslry sector is concerned, long- lerm concessions 

s hould be inlroduced in order to create incenlives for suslainable 

managemenl [ Pearce et al., 19901. Moreover, a resource use tax could be 

a useful policy in.slrument, whic h gives an incenlive for an optimal use 

of wood resources. In order to enforce these policy measures, lhe 

capacily of foreslry e mployees in lropical counlries bAS lo be improved. 

These measures aiming a t lhe forestry sector have lo be supple

menled by agricullural policy reforms, since agricullure is lhe main 

source of deforeslalion. In order lo achieve an efficienl use of re

sources, land reserves outside lropical foresl areAS have to be allocaled 

lo potential farmers , wbile special incenlives for migralion inlo lropical 

forest areas and produclion in these areas have lo be reduced. More

over, the presenl syslem of land litling in many lropical foresl areas hAS 

to be improved in order lo guarantee property righls, reduce extensive 

expansion of land and increase incenlives for long-lerm agricullural 

holdings. 

Most of these policy measures are costly to implemenl. In addilion, 

the subsequent struclural adjustment in lhe economy of lhe tropical 

counlries is painful and hardly sustainable for some of lhese counlries. 

On top of that, the governments of the tropical countries view the 

tropical rain foresl as an inpul for developmenl and may not be inclined 

lo renounce the destruclive use of tropical rain forests . Hence, even if 

lhe government follows an optimal policy from lhe lropical country's 

viewpoint, the resulling deforestalion may still be too high from the 

perspeclive of industrialized countries, which derive benefits from lhe 

existence of the rain foresl ecosystem. If non-lropical counlries have an 

interest in the persistence of lropical rain forest ecosyslems, reform 

programs have to be supporled by induslrialized countries and multi

lateral organizalion s in order to be polilically and economically 

sustainable and successful. Such a paymenl s hould be regarded AS a 

compensalion for the exporl of environmental services rather than AS 

development aid or a donallon from one country to anolher. 
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1• measures thAt Are to be implemenled by 
The discusslon of po icy . . 

. h veAled 4 vAriety of pohc y proposAls, wh1ch 
industriAlized countries AS re 

. . d l il &siCAlly these ApprOAches stipulAle lrAde CAnnol be discussed in e 4 • • 

. mmod'l' roduced by using tropicAI foresl resources bArriers AgAinst co I ies P 
or require compensation payments for those tropical counlries. The 

t be r egarded as useful policy measures for lhe former, however, CAnno 

reasons given above. 

Moreover, imporl barriers CAn be questioned on lhe grounds that 

the entire burden of adjustment is shifted to the trop!CAI countries. As 

it was discussed in the preceding chapters, supply of wood and minerAI 

sources produced in tropiCAI forest areas CAn be substituled. As lhese 

resources do not account for a !arge share of world supply, industrial 

countries CAn import these products wilhout major price increases. 

Hence, the industrialized countries would not be severely affecled. The 

tropiCAI counlries, however, are likely to be affecled by the loss of 

export eArnings, since tropical hardwood and mineral sources exploited 

in tropiCAl forest areas record r e lative ly high s hares in the exports of 

tropiCAl countries. These losses of exporls are likely to affect lhe 

developmenl of lhe tropiCAl counlries. 

The alternative solution involves lhe supply of financial means lo 

lhose lropiCAl countries which are prepared to implemenl measures for 

environmental proleclion. Such lransfers are to compensale tropical 

counlries for lhe reduction of economic benefits, resulling from lhe pre 

servalion of rain foresl areas. There are various instilutional arrange

menls under which such compensation paymenls CAn be given lo lropiCAl 

counlries, for example, an international rain foresl fund, debl-for

nalure swaps, bilateral aid, inlernalionally tradeable carbondioxide 

permils etc. 
1 

An implementalion of such an international arrangemenl can 

1 
For a discusion of these arrangemenls see EK [ 1990, pp. 802- 830, 
852- ~4) as weil as Amelung [ 199 1; 1992). Al presenl, il is no t 
poss1ble l~ calculale lhe amounl of compensalion paymenls n ecessar y lo 
save, a sizeable share of lhe remaining rain foresls . Howe ver, CAl · 
culaltons have been made for lhe lransformation of rain foresl a reas 
inlo proleclion. foresl. For inslance, Ruilenbeek ( 1990) has CAlculaled 
lhe compensallon . paymenls necessary to save lhe Korup Park in 
Cameroon. Accordmgly, lhe conservalion of lhese 200 s q km of rain 
for~s t would require 212,000 ECU p. a . or 1,060 ECU per sq km p. A. , 
wh1le lhe aulhor concedes lhal lhe cosl of proleclion for the rain 
foresl ecosyslem is comparalively high. 
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help to c reate economic incentlves for lhe reduclion of environmenlAl 

degrAdalion in tropiCAl counlries, as these countries are given lhe 

opportunity lo preserve their environment without losses in terms of 

economic development. 
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The discussion of policy measures that are to be implemented by 

industrialized countries has revealed a variety of policy proposals, which 

cannot be discussed in detail. Basically, these approaches stipulate trade 

barriers against commodities produced by using tropical forest resources 

or requlre compensation payments for those tropical countries . The 

former, however , cannot be regarded as useful policy measures for lhe 

reasons given above. 

Moreover, import barriers can be queslioned on the grounds lhat 

the entire burden of adjustmenl is shifted to the tropical countries. As 

it was discussed in the preceding chapters, supply of wood and mineral 

sources produced in tropical forest areas can be substituted. As lhese 

resources do not accounl for a !arge share of world supply, industrial 

countries can import these products without major price increases. 

Hence, the industrialized countries would no t be severely affected. The 

tropical countries, however, are likely to be affecled by the lass of 

export earnings, since tropical hardwood and mineral sources exploiled 

in tropical forest areas record relatively high s hares in the exports of 

tropical countries. These losses of exports are likely to a ffect the 

development of the tropical countries. 

The alternative solulion involves the supply of financial means to 

those tropical countries which are pre pared to implement measures for 

environmental proleclion. Such transfers are to compensate tropical 

countries for the reduction of economic benefits, resulling from the pre· 

servation of rain forest areas. There are various institutional arrange· 

ments under which such compensalion payments can be given to tropical 

countries, for example, an international rain forest fund, debt-for

nalure swaps, bilateral aid, inlernalionally tradeable carbondloxide 

permils etc. 
1 

An Implementation of such an international arrangement can 

1 
For a discusion of lhese arrangements see EK ( 1990, pp. 802-830, 
852-~4) as weil as Amelung 11991; 1992]. Al present, it is not 
pos5 ,ble l~ calculale lhe amount of compensalion paymenls necessary lO 
save . a s 1zeable share of lhe remaining rain forest s . However, cal· 
~ulahons have been made for lhe lransformation of rain forest areaa 
mto proleclion. foresl. Por inslance, Ruitenbeek ( 1990) has ca!culated 
the compensahon payments necessary to save the Korup Park III 
Cameroon. Accordingly, the conservalion of these 200 sq km of ralll 
for~sl would require 212,000 ECU p. a . or 1,060 ECU per sq km P· •• • 
while lhe aulhor concedes lhat lhe cosl of p roleclion for the rein 
forest ecosyslem is comparalively high . 

129 

help lo creale economic incenlives for the reduction of environmental 

degradation in lropical countries, as these countries are given t he 

opportunity to preserve lheir environment without lasses in terms of 

economic developmenl. 



130 

Appendix Tables 

Table Al - Production of Fuelwood and Charcoal, 1980 and 1988 

Puelvood Charco1l 
IJ:otal vood pro-

Total roundwood 
duction for ener„ 

production production 
getic Ute 

production 

3 
1000 m 1000 mt 1000 

3 ,. 
1980 1 1988 1980 1 1988 1980 1 1988 1980 1 1988 

Angola 3441 4214 na na 3441 4214 4331 5258 
Cameroon 7973 9885 na na 7973 9885 10167 12574 
Central African 

llepublic 2485 3055 na na 2485 3055 3009 3449 
Congo 1386 1710 l 3 1393 1728 2193 3315 
Bquatorial Guinea 421 447 na na 421 447 445 607 
Gaben 1766 2396 na na 1766 2396 3113 3618 
Ghana 9647 12750 384 529 11951 15924 12932 17025 
Guinea 3244 3923 na na 3244 3923 3801 4559 
lvory Coa■t 5906 8231 144 200 6770 9431 12139 12813 
Liberia 2400 2700 263 339 3978 4734 4837 5889 
Hadagucar 5330 6827 na na 5370 6827 6137 7634 
Nigeria 67449 88283 1111 1455 74115 97013 814 75 1 04881 
Sie rra Leone 2279 2756 6 7 2315 2798 24 7 3 2938 
Zaire 24644 31525 na na 24644 31525 
Belize 

26824 34239 
79 126 na na 79 126 123 188 

Bolivia 948 1178 12 15 1020 
Bradl 121746 

1 268 1453 1417 
144975 4778 5690 150414 179115 212122 245751 

Colombia 10584 12520 417 495 13066 15490 16120 18163 
Coata llica 2163 2713 13 17 2241 2815 3516 
Bcuador 

3961 
3610 3940 323 406 5548 6376 7577 9'36 

French Guiana 54 60 l l 60 66 254 
Guatemala 5797 

248 
7276 na na 5797 7276 5956 7390 

Guyana 11 13 l 1 17 19 206 228 
Hondura1 3801 5014 na na 3801 5014 4913 5 95 7 
Hexico 11709 14115 105 127 12339 14877 18684 22302 
Nicaragua 2288 2990 n1 na 2288 2990 3168 3870 
Panama 1671 1708 
Paraguay 

na n1 1671 1708 2010 2047 
3402 4082 152 195 4314 5252 8358 

Peru 6726 
6104 7591 10 12 

Surinam 
6164 7663 8152 8 780 

20 2 2 3 32 20 202 
Venez.uela 5 78 722 

369 
na n1 578 722 1214 1464 Brunei 79 79 

Burma 
n1 na 79 79 213 294 

14431 17046 n1 
India 

na 144'1 17046 17383 21033 
192397 228880 1584 1884 301901 240184 Indonelia 114878 133257 

221585 264412 

1Campuche1 
105 122 115508 133989 146430 173598 

4161 5110 na n1 4161 
Laoa 5110 4728 5677 

2422 2921 90 108 2962 Habyaia 4861 5847 
3569 3172 3878 

Papua New Guinea 
308 '70 6709 8067 35782 44431 

5390 5533 n1 na 5390 
Philippinu 25863 31854 

5533 7142 8231 

Sri Lanka 
2 29 25875 32028 34983 38214 

7182 8154 30 8 7362 Thailand 25900 8 202 8036 8882 
30026 518 601 29008 Vietnam 19444 33632 33738 38214 
23248 na na 19444 23248 22530 26620 

Total 729944 879682 10360 12617 792104 955384 1002174 1191951 

Vorld 1378249 1639412 17427 21330 1482808 1767393 2933730 3431072 

Source: FAQ I a, 1988). 
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Table A2 - Production and T r ade of "TropicaJ Hardwood", 1980 and 1988 
(a) 

Production Exporte 
ltl:porta/production 
(quantity ) 

3 
1000 m mil. US$ percent 

1980 l 1988 1980 -1 1988 
1 

1980 l 1988 1980 
1 

1988 

Angola 750 904 na na na na na na 

Caaeroon 2194 2689 743 538 113.9 74 . 6 33 .9 20 .0 

Central African 
lepublic 524 394 137 28 27.5 8 .0 26 . 1 7 . 1 

Congo 800 994 281 382 44 . 6 69 .5 35.1 38 . 4 

Equatorial Guinea 24 160 16 120 2.2 10.7 66.7 75 . 0 

Gaben 1347 1222 1071 913 129.5 114. 7 79.5 74 . 7 

Ghana 981 1101 105 339 12.4 45.4 10 .7 30.8 

Guinea 557 636 na 8 na 0.8 na 1.3 

Ivory Coaat 5369 3382 3055 550 490.2 72 . l 56 . 9 16 .3 

Liberia 859 1155 475 681 84.0 87.8 55 . 3 59 . 0 

Hadagaacar 807 807 0 2 0.1 0.5 0. 0 0 . 2 

Hozaabique 933 942 11 6 3 . 3 2.6 1.2 0.6 

lfigaria 7360 7868 10 60 0.8 6.0 O. l 0 . 8 

Sierra Leone 158 140 na na na na na na 
Togo 143 178 na na na na na na 

Uganda 1385 1777 na na na na na na 

Zaire 2180 2714 66 113 8 . 3 15 . 3 3 . 0 4 . 2 

Baliu 42 44 7 8 0.6 0.3 16.7 18.2 

Bolivia 433 149 na na na na na na 

Bradl 20395 23845 7 46 1.5 3 . 8 o.o 0 . 1 

Colombie 2425 2308 na na na na na na 
Co1ta Rica 1265 1140 0 4 o.o 1.2 0.0 0 . 3 

Ecuador 2029 2696 na na na na na na 
frencb Guiana 188 188 36 5 3 . 3 0.3 19.l 2.7 
Guatemala 52 11 na 2 na 0.2 na 18. 2 
Guyana 189 209 23 22 2.5 5.3 12 . 2 10 . 5 
lfooduraa 30 39 0 0 0.1 0.1 na na 
Hexico 364 464 na na na na na na 
Nicaragua 535 535 5 na 1.5 na 0.9 na 
Panama 339 339 na 3 (bl na o.o na 0 . 9 
Paraguay 2412 3106 0 na 0 . 0 na o. o na 
Peru 1953 1107 na na na na na na 
Suri.nam 337 182 26 7 2.1 0.6 7.7 3.8 
Venecuela 636 742 na na na na na na 
Brunei 134 215 na na na na na na 
Burma 2952 3987 77 206 42.l 72.8 2 . 6 5 . 2 
India 16396 20401 27 61 14 .0 l7. 7(b) 0. 2 0 . 3 
Indone1ia 29898 38939 14884 3 1513 .5 0 .3 49 . 8 0 . 0 
ltaapuchea 562 562 2 0 0 . 0 0.0 0 . 4 0.0 
Laoa 210 309 18 34 8.2 10.0 8.6 11.0 
Halaylia 28448 35740 15180 20574 1205 . 3 1532 .7 5 3 . 4 57.6 
Papua New Guinea 1326 2416 642 1283 46 .5 101.0 48 . 4 53. l 
Philippinu 8149 5543 1154 176 148 . 9 6.1 14.2 3.2 
Sri Lanka 643 649 0 na 0.0 na 0.0 na 
Thailand 4730 4582 1 na 0 . 3 na 0.0 na 
Vietnam 2842 3128 na na na na na na 

Total 153824 177741 38048 26168 3903.9 2250.6 24.7 14 . 7 

(a) The ca tegory • tropical hardvood• conai1t1 of all vood removala from broad.leaved 
1pecie1. except pulpvood and vood for energetic uae. - ( b) own estimationa. 

Source: As for Table Al. 
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Table A3 - Producllon and Trade of Sawnwood from "Troplcal Hardwood" , 
1980 and 1988 (a) 

1 
Eltport■/production ProductJ.on Export■ 
(quantity) 

1000 a 3 

' 
ail. US$ percent 

1980 1 1981 1 1980 l 1981 1 u10 1 1988 1910 
1 1988 

qola 10 5 na na na na na na 
Caaaroon ,ao 561 a, 9S 21.4 21.1 21.1 16.4 
Central African 

7 , 1 50 .7 46. 2 lapublic 71 52 36 24 9 . 5 
Congo 64 57 37 25 13.4 9 . 2 57 .8 43.9 
!quatorial Cuinea 3 42 0 9 0.0 1.6 o.o 21.4 
Cabon ae 106 18 1 3 . 5 0 .1 20.5 0.9 
Chan■ 160 390 69 170 23 . 2 45.4 4 3 . 1 43.6 
Uberia 4) 311 43 14 11 .0 4 .2 100 . 0 4.5 Guinea 90 90 na na na na na n• lvory Coan 664 775 277 460 72 . 7 122.0 41. 7 59.4 
Hadaga■car 231 234 na na na na na na Houabique 51 27 8 0 2.1 o.o 30.8 0.0 Nigeria 2.782 2.700 2 l 0 . 3 0. 1 0 . 1 0 . 0 Sierra Leone 24 12 na 3 na 0.2 na 25.0 Zaire 121 121 24 20 4 . 0 4 .2 19.8 16.5. Bellte 20 p 5 6 1.2 2.1 25.0 66.7 Bolivia 216 Pl 91 57 19 .0 18 . 2 42.l 62. 6 Bradl 77'8 9795 612 533 143 . l 169 .2 8 . 0 5 . 4 Coloaabia 900 680 ll ' 2 . 6 0.9 1.1 0.4 
Co■ta llic a 512 503 0 5 o.o 0 . 5 0.0 0 . 6 lcuador 903 1278 8 15 4.1 lS. 7 0 . 9 1.2 l're nch Cuiana u 19 l 12 0 . 2 1.8 5 . 3 63.2 Cuatemala " na 25 12 3.8 1.4 75. 8 na Guyana 70 5 7 14 9 3 . 7 2 .7 20.0 15.8 tfondura1 7 2 2 na 20 . 2 28. 4 48.0 39. 8 Herlco 84 169 na na na ne na na Nicaragua 230 127 l l o.o 0 . 1 0.4 0.8 Panama 53 45 na na na na na na Paraguay 649 900 285 112 52 .2 20 . 6 43. 9 12.4 Pani 602 534 16 3 3 . 0 1.0 2.7 0.6 Surinam 74 63 u 3 3 . 3 0 . 8 17 . 6 4 . 7 Vene&uela 349 325 na na na na n■ na 8run•1 60 90 0 0 0 . 0 0 . 0 0.0 o.o Burma 421 472 118 Sl 68 , 9 14 . 6 28 .0 6 . 6 Ind!a 9244 148'4 2 2 0 . 6 0 , 9 0 . 0 0 . 0 Inclonade 4797 10173 1203 298' 258 , l 553.8 2 5.l 48.2 ltaapuchea 43 43 na na na na na n■ l.aoo 41 16 25 2 2 , 7 0.3 61.0 12 , 5 Haleyaie 6234 6189 3141 4103 58' , 2 717 , 6 50 , 4 66 . 3 Papua Nev Cuinea 133 74 45 4 9 .2 0.8 SS , 8 5 , 4 Ph!lippineo 1529 103' 742 62' 181.3 156 , 4 48. 5 60 . 9 Sri l.anka 22 u 1 na 0.7 na 4.5 na Thailand 1527 1024 2 9S 0,4 4 7 , l 0 . 1 9 .1 Vietnam 410 307 na na na na na na 

To tal 41651 54331 6962 9456 1520. 3 1968 . 8 16 , 7 17 . 4 
( &) The cat1gor-7 •tropic■l hardwood• con•i■t, of all YO<Jd UlDOVal■ trom broa dleaved epecieo, except pulpvood and vood for energ.iic uu . 

Source: NI for Table Al. 
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Table A4 - Productlon and Trade of Wood-based Panels, 1980 and 1988 

1 
Exporte/ pro-

ProductJ.on Export ■ du:ct ion 
(quanti ty) 

1000 a 3 
1 ail. US$ percent 

1910 1 1988 1 1910 
1 1911 1 1980 1 1918 1910 J 1911 

Angola 6 7 na na na na na na 
Caaeroon 73 67 28 22 19 . 4 16 . 3 38 .4 32 . 8 
Central African 

25 . 0 
llepublic 7 4 4 l l.l 0.7 5 7 , l 

Congo 79 61 67 38 26 ,5 16 . 7 84 . 8 62. 3 
!quatorial Cu!naa na 10 na 4 na o . 8 na 40 . 0 Oabon 192 228 61 52 29.4 16. 6 31. 8 22 . 8 Ohana 79 83 9 22 3 , 3 9 . 3 11 . 4 26 , 5 Cuinaa 2 2 na na na na na na lvory Coaat 195 266 62 98 23 . l 42. 0 31.8 '6 . 8 Liberia 9 5 4 5 0 . 7 1 . 8 44 . 4 100.0 
Had•a••c•r l l na na na na na na Nigeria 116 233 na na na na na na Sierra Leone na na na na na na na na 2■1re 40 53 26 8 9 . 9 3,1 65 . 0 15 . l lleliu na na na na na na na na llolivia 16 8 4 l 1.5 o . 8 25 . 0 12. 5 llr aail 2482 2986 324 662 125 . 0 244 . 9 U , l 22 . 2 Col„bia 111 115 2 9 0 . 5 1.8 1.8 e . o Col t & Uc• 68 58 25 20 7. 6 4.6 36 . 8 34 , 5 lc:uador 87 171 70 24 23 . 3 8.9 80 . 5 14 . 0 l'rench Cuiana na na na na na na na na Guat ... la 9 8 1 na 0.5 na 11 . l na Guyana na na na na na na na na Bondu.ra, 11 9 4 na 1 . 7 na 36 . 4 na Hallico 604 802 24 15 7.4 9 . 8 4 . 0 1.9 Nicaragua 14 14 5 3 2 . 2 1.4 35 . 7 21.4 Panama 14 u 1 l 0 . 4 0.5 7 ,1 8 . 3 Paraauay 69 107 69(a ) 37 ll . 9(a) 4 . 4 100.0 34.6 P•ru 14 59 7 0 2 . 4 0.1 8 . 3 0 ,5(a ) Surinam 23 10 18 4 5 . 9 1 . 3 78 . 3 40,0 Ven•1uela 136 169 na na na na na na Brun1i na na na na na na na na Buru 12 H na na na na na na l ndia 252 442 u 17 7 .2 13 . 2 5 . 2 3.8 Incloneoia 1012 6614 245 6426 55 . 7 2135 .0 24 . 2 97 . 2 ICaapucbaa 2 2 1 l 0.8 0.8 50 . 0 50.0 Laoo 2 5 na na na na ne na Halayoia 1079 1421 604 1076 152 , 4 306 , l 56 . 0 75 , 7 Papua New Cuinea 20 19 8 0 4 . 6 0.1 4 0 . 0 o.o Philippineo 759 540 435 321 133 . 3 99 .5 57 . 3 59 . 4 Sri Lanka 13 10 n■ na na na na na Thailand 150 251 15 56 15 . 1 34 . 3 10.0 22, 3 Vietna m 18 40 na na na na na na 
Total 7848 14905 2136 892' 672 . 8 2974 . 8 27 . 2 59.9 
World 101115 125877 16323 25471 5160 .5 8162 . 4 16 . 1 20 , 2 

<•> Own utimationa. 

Source: FAO [ a , 19881. 



Table AS - Production, Consump tion and Direction of Trade, lnduslrial Roundwood, 1988 ... 
~ 

tJU. I.Dd. Lat1z> L&ti c USSI and hie aad J.da u4 Scu.41- •••t Surope Afric.a .ltrica Produc- tbereot: 
Cuada J.ae.r i ca laerica Saat Jap&n Oceu.h Oceub 

D&'Ji& 
(excludiJI~ ttropical) (other) tion (tropical) {otber) euro~ ( tropi cal) (otber) Scud.ioada) bporta 

tJSl. a.nd 2.5 1).2 1.0 JU.5 2,.1 
Caa.ada 0.5 0.2 0.2 0.) " ·' 1.2 ,., 

5.1 0.) 0.1 0.1 196.7 10. 2 
LatiD 2'-1 o . o 
berica ll.1 0.1(&) 
(tropical) ll.t o.o 
LatiJI 1.) 5.1 1. , 
laerlca )., o.o 
(otber) 1.2 1.J 0 . 1 ,_, 2 . 7 
OSSI ud ,.1 2.) o., o. 7 172. 1 ,_, 
&ut Europe 0.2 0.5 31.J 0 .1 

2. 2 1.1 0 . 5 6.1 , . 5 175., u.1 
15 . 1 0.0 

J &pllJ:I 2.5 0.0 
10. 2 o . o 

Uia ud )., 0.1 
Oc:eaoia 11.,Ca ) 1.5(a ) a.51a1 100.0 22.,ca) 
(tropic&l} 0.5 0.5 20. 2 1.2 
.l.ah ud o. , U . 7 o . , 
Oceaoh 27. 7 o., 
( ot111er) t.l 0.1 0.) ,_, 

0.5 "·' 0.7 
Sc&lldioada 2 . 0 0 . 1 

2 . , 57.0 2.5 
Vest &urope 0.1 2., 52. 7 2. 7 
(ucllldiog 2.) u . o ).) 
Sc&odinaria) ,.o 7.0 5).1 11.2 
&tri.ca o . o o.o 
Ctropical) l-61• > 15 . ) l. 71a) u ., 0.5 
Atr-ica 5 . , 0.0 
(ottaer) 1., 0.0 

21., O.l 
&pp.uent )27 . 1 26.1 ). 7 1u., ll.1 ).) 5,.1 0.7 51., o.o 5 . 7 722. 7 "·' couuaption U.2 31.1 1., )7 . , U . 5 7'.1 37.2 2., 21., u., 2.0 2H., 32.0 

191 . 1 11., 6.2 161.9 21.2 1'.0 ,2.2 0.7 55.6 11., JO.O n,., 5,.1 
,thereof: 2 . 7 0.0 0.0 0.6 u.o 0 . 0 12.0 1.5 J.a o.o O.J 3'.0 
1 0 . 1 0.1 0.0 o . , 12.0 1.5 ,., 0.5 6., o.o o., 32.5 llapor•• ,., o . o 0.0 2., u.o 0.0 2.3 15.2 13.7 0.0 0.5 56., 

Ca ) Tropi cal bardwood. - Tirat Uvure: cooi hroua •oodloa• in ail . •~; aec:0114 Ugure: aoo- coniferou YOOdl09a in ail. ■3; tl>iz4 Upre: püpwood (ia-
c)qdtu; woo4clli pa a.A4 rcsiduea) u.d otbe.r i .lLdUltr i al ro\lAd•ood i.o ail. • . 

Source: Based on F AO [ a, 1988]; UN [ 1990bl. 

T able A6 - Production , Consump tion and Direct ion of T r ade, Sawnwood and Wood Pulp , 1988 

USl and WtiD LatiD USSI u d l.lh aM. >.ah u4 Scudi - ..... t hrope tlllueof: Jaerica J.aerica &ut J apa.a Oceui• Oceaaia (uclv.di1:1s Uri ca Urica ho4~c-Cu.ad& H ri& (tro,ical) (otlter ) tiOD ( tropicll ) (otbe:rl IUrope (tropical) Cotber) Scan4.in.-.·h) b;Jicrta 
1us.1 and 1,.0 1.0 ,., 2.0 , .. 0.5 1C7. t H.1 caaada o . , 0 . 6 O. l 1. 1 20.2 ) . 7 )., 0.6 2.J O.J 1., ,.1 1' . 1 13.1 l.atiD 0.1 0 . 1 10. , O. J laerica 0 . 2CaJ 0 . l(a ) o.u. , O.lla ) u . ,c.1 O. l ( a ) (tropi c al J o . , 0.0 0 . 2 O.l 5. 2 1.1 WliD 0 . 2 0.2 0.2 0 . 1 2.5 o., .... ri ca 

1., o . o (otber ) 0 . 1 0.1 0 . 2 1., 0 . 5 UUl a.ad 0.5 2.5 0.2 0.1 5.5 0.) 104. 5 10., hat E\lrope 0.1 0 . 1 1, •• 1.1 o., o., 15.0 1. , 
2'. 2 o . o .J&p&J) )., 0.0 
10., o . o Aeia I Dd 

2.5 0 . 1 Oceacia 0 . 1 (a) 1.)(a ) o.aco> J . 5Ca l l . l(o) JC.61&) 7.tlo ) Ctropical) 
1., o.o l.lh ud 0 .1 o.c 21., 0.1 Ocnnh 0.1 0.2 0 . ) O. J u., 1.3 Cotber ) 0 . ) 0 .1 0-2 , . 7 o . , 

0.2 0.1 t.5 1.1 21.1 12.2 Scu.di nn11. 
O.J o . o 0 . 1 o., 0 . 1 0 .1 O. l 0.2 , .o 0.1 21.0 5.C Vut Surope ,.o o.s Jo., 7 .1 (e.acludico 0.1 1.S 0 . 1 , . o 2.0 Scaadinnh) 0 . 1 0.1 0.1 2 .5 11.1 2 . , Urica 
o.o 0 . 0 ( troptcll ) 0.7(&) S. 5(a l O.ICa > 
0. 1 0 . 0 .lfric.a 2 . ) 0 . 1 (otber} 
0. 7 o.o 0 . 1 0. 1 0 .1 1., o., 

l .ppue ot lll . O 11.I 2.1 H . l ll . 2 2 . , )0. 0 , . 7 50.2 o.o ,., na., u. , c-ouu:aptton 11 . l 1'. 2 1., 11., 5. 1 21 . l 17.2 0.5 u.s , . 7 I.J 12'.7 n ., 
70. S s. o 1.2 15 . 0 u . s 1., , . 7 15.t 20. S o . 1 1.2 151 .2 25 . S 

tbereot: JC. 2 1.2 0.5 2., 7 . 0 0 . 0 ) .0 0.1 2'.C o.o 2. 1 7'.5 
1.6 0 . 2 0 . 2 0.1 1 . , o . 7 ,., 0.2 6 . 5 0.0 o ., u., 

tap,oru , .5 o. , 0.1 1.C J.1 o.s 2. , 0.) 12. 2 0.0 0.2 n .1 
<•> Troptcal bud•oo4. - Pirat U1u.u: coaih rou1 untroo4 1a aU. a1: ■eeoad Ufllu : ooa-coa.tflrou • an.00, h a.U . e 1; tblN Uprt : -ooit ,-lp 1• au. ■1 • 

Source: As for Table A5. ; 



Table A7 - Produclion, Consumplion and Direction of Trade, Wood-based Panels, 1988 
... 
~ 

t,atiD L&ti.D OSSI a.o4 uh u4 111& aad ·••t hrO,- Urica lfrica h'od.uc-
U ereot: 

Oll &DIS 
Scaadi-

Cua4a buiea btrlca h■t J &plA Oet1:Dil oeu.ah aa•h 
(uch4iDg (troplc&l) (ot•■r ) tloa 

ltroplcal ) (otbtr) 1'Jro~ (troplctl) (otbtr) scu4iurit l 
llrporto 

OSA u4 0.25 0.0l o .o, 0. lt o.75 o.'° 

CU.ad& 0.21 0 . 06 o.os 0 .01 o.,o 23.U 1.u 

1.11 0 .01 o . u O.lS 11 .0 2.64 

l.atlo 0.0Clt) 0 .OHt) 0.01(1) 0.31 (1) O.0t(1l 

bedca 0.06(1) 0.01 0.0S(I) 0. 01(1) 0. lt (1) 0.01(1) 1. U (1 ) O. U (1 ) 

(troplc1ll 0.10 o .os 0. 01 0. 01 2. 3' 0.2' 

l.atiD 
0.01 o.oo 

Aaerica 
0. 10 0.01 

{otberl 
o.S> o .ot 

OSSI. aad 0.01 O. Ol 1.06 0.05 

tut Curope o .os 0 . 10 O.lS 0.01 ).11 o . n 

o.os o.o, o.so o. u 0.50 11 . s1 1.22 

0.02 o .os 
o.>o 0 .06 

J apu 
1.16 0 .02 
1.IO O. CM 

.1.ah aad 0.02(1) 0.02 0. 26(1) 0.02(1) 0.1S(1) 0 . H l1l 

Oceuh 1.00(1) 1.011) 2 . 10(1) 0.0211) 1.00(1) 0 .0,(a) I . U(al 1 .SJ(al 
o.u o .os 

l tropic1ll 
uh u4 

0 . 11 O. CM 

OCtui a 0.30 0.01 0 . 13 O. ll 0 .01 3.11 1 . '° 

(otber) 0. 10 
,.u 0 .2J 

0.02 
o.o. O.Ol 

Scudiu:da 0.03 0.03 0.01 O.lS o.>o o.u O.SJ 

0.02 0.02 O.Sl 2. 10 o . n 

Ye.at hroP4 0.02 0.01 0 . 02 0. 10 1.1' o.n 

(ucl1'41ng 
0.01 0.to 1.11 0 . '4 

Sc1.ad.ia1ri1 ) o.o, o.os s . oo 1t .tl S.60 

lfrica 0.021a) 
0.1S (II o.Ulal o . nlal 

1 ( tropicall 
0.Oi(a) O. M l al 0 . 011,1 

0.10 

Urica 
o.u 0 .01 
0 . 20 0 . 02 

lotbtrl O. S1 0.02 

llpparnt 0.61 0.ll 0.02 1.11 o .u 0.'1 0.31 o.os i.s, 0 . 31 o.u 5.JJ 1 .1' 

C.ODIUptioa 2(.)( 1.SS 0.2' 2.14 , .21 0 .ll s.n o . u '·" O.lt o.u u.1, u.u 
11.,s 2. 2, o.,s 11.02 2.01 0. 2S , .u 2. 25 21 .1' 0.10 O. lt u . s 1 lt.U 

tbenof : 0.Sl o .o, 0.01 0 .10 o. u 0 . 00 0. 2, o .o, o.n O.OJ 2.u 

2 .00 0. 10 0.15 0.11 1 .91 0 .03 l.SO 0.2, ,.u 0.02 0.31 u.n 
1taporu l.U 0 .11 0 . 01 0.'1 0.32 0.02 o." o . u 1.1, 0.00 O.tl u .u 

11) Tropical bu4woo4. • ?ir■t figua: nuer 1bHU in ■il . ■3 ; tecoa4 fipn: pl,- in ■il. ■3 ; tki.,. HIV• : -tlcl- - !.~ 1a 1111. a
3

• 

Source: As for Tab\e AS. 
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Table A8 - Produclion, Consumption and Direclion of Trade, Wood Pulp, Paper and Paperbaard, 1988 

USl alld 
t.atln l.atia OSSI u4 hia u4 lah 1H Scu'1• 

_t..,_ 
.Urlc.• Urica Prot■c-

tMnot: 
laeric1 berica lut J a.pu OCeuia Oc:eui 1 aath (u d o4l .. 

lt-1call loU..1 Cuab (trop!call (otber) l\lrope: ( tro,icaU (ot,or) Sc .... b,nh) u„ 
l:Qon• 

USl all4 l.t 0.6 2. l 0.l 1 .1 , .1 Tt.1 ll . 1 
lcua4a 0.1 0 .1 0 . ) 0. 2 

10.1 1.1 0. 1 0.1 1.0 l.S 0.) U . l u .1 

1i:~!~c:1 
o., 0. 2 0.0 0 . ) S. J 1.1 

o. , o .o 
(tropic:al l 0 .2 0.1 0 . 1 o . , , . 1 1.1 
LltiD 0. 1 0.1 0. 2 1 . , o . s 
berica 0 . 1 o .o 
Cotber) 1.5 0. 2 
UISI a.o4 o ., 0 . 1 u .o 1 . , 
,l.ut Europa o.s o .o 

0.1 1.0 0.1 o., 11 .S 2. l 
10 ., 0 . 0 

J apu 0 .0 o.o u., o., 
u h ..,4 1., 0.0 
Oc:at.01- 2 .1 0 .0 
(tropical ) 0. 2 ).t 0 . 1 

lllh ID4 0. l 0 .1 0. 2 ,. , o . , 
Oc:H .Dh 0. 1 ,., 0.1 
{ot \ er) 1. , u., 1. 1 

0.1 o ., 0.1 0. 1 O. l 0 . 2 ,.o 0. 1 21 .0 ,., 
Sc1Ddi111ui1 o .o 0 .0 

1.1 0. 2 o. , 0 . l o . , o., o., 10 . , 0 .1 0. ) 11,S U .t 
Vut l\arope 0 .1 0 .1 0. 1 a., 11 . 1 J . I 
taxc:hdiot .. , 0 .0 
Sc1odhuh) o., 0.2 O.S 0.J 11 .0 0.1 o., 11 ., u., 
l.frica 0.1 O.t 
{tropic:al> o.o o.t 

0. 1 o.o 
Ahic:a 0 .1 0 .1 0 .1 1., o., 
(otl&er l 0 . 2 o.t 

0.0 0.1 0. 1 2. ) o., 
,&,putnt 10. S , . o , . 2 u .o u., l.t , . 1 u ., JO.S 0.1 1.J u1. 2 n ., 
lc:oasu.a,tio• 0 . J o. , 0 . 1 o. , o . o J .1 ,., 0 .0 o.s 0 . 0 1 . 2 11 .0 O. l 

n ., 10. , 1., 1'. t n.1 ,., 2S. 1 , . 1 0 . 1 1. ) ) . , 12'. ) u .1 
U1euot : ,., o. , 0 .1 1. , 1. 1 o ., 2., 0 . ) U . 2 0 . 1 0 . J n .1 

0. 1 0. 0 0. 0 0.0 o. o o. o 0 . 1 o. o 0. 1 o.o O. t o., 
l~rt■ 12. S 1.6 0. 6 1 .1 1.1 1.l S. S o. , U . I o. J 1. l IO .S 

f l u t llg,ue: - ,..1, h oil . a t: atcoa4 111.ra: ot.,er ll~re ..,1, 1a ail. ot: tu,, 11,vo: ,..,.r ... __,. lo ail. ot . 

Source: As for Table A5. s 
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Table A9 - Share of Wood Products in Total 
Revenwsa, 1980 and 1988 (percen t) 

Merchandise Export 

11:"ru ot 1N11· ia.ortt ot •n•- b ;port • o t woo4- &aporu ot paper Tohl u,oru of 
ltrhl rov.Uwood:Ca) • oo4(a) N H 4 , ... 11 ao4 ,.,-rboar4 WOM prNueu 

uao 1 IHI IH0 
1 

un IHO 1 un IH0 1 uu IHO 1 ltU 

bt'oh .. .. .. .. .. .. .. .. .. .. 
'-•- 1., 1 . , 1.1 I.J 1.1 1.0 .. .. I0. 1 ,., 
Ceatral llricu 
lo,ullc u ., ,.1 , . 1 !1.1 0.1 0 . 1 .. .. 21 . , u .o 

coa,o 1., 1.61)) 1.1 1.0()1 1. 1 1.1 1• 1 .. .. 1 . l 10. 1 
11f111todal euiAH 12.1 Jl .0( )1 o.o S .0()1 .. l .l«.I .. .. 12 . 1 0 . 1 - , .o , . 1 0 .2 o.o 1 . , 1.1 .. .. 1. , 10 . , 
auo 1.0 1.1 1.1 1.11)1 0.) 1.1 .. .. J . I 11.l 
0.11„ .. .. .. .. .. .. .. .. .. 0 . 1 
hory Coalt n ., ). 1 2. J 1.2 0. 1 1.1 •• .. u., 10. 1 
Li~rh l t . 1 20 . 01•1 1.1 1.1 0 . 1 0 .11• 1 .. .. 1'. 0 21., 
.... ,ucu o.o 0 . 2 .. .. u •• .. .. 0 . 0 0 . 2 
11ouu1.,.. 1. 2 2 . 1 0.1 o.o .. 0 . 1 .. • • 1., ) . 0 
ll1ul1 o.o o.o o.o 0 .0 .. .. .. .. o.o 0.0 
lieru Leoae •• .. o.o 0.0 .. .. •• • • o.o o.o 
lair. 0 . 1 0. 1 O.l 0.2 0 . 1 0.1 .. •• o., 1.0 
kUH 0 . 1 O.l 1.1 1 . 1 .. .. .. .. 1. , 2 . 0 
lolhla .. .. l.O J . I 0 . 2 0 . 1 .. .. 2. l ,.s 
kHil 0.0 o.o o. 1 o.s o., 0 .1 2 . 61c) l . tcc> l.l 1.1 
Coloabia .. .. 0.1 0.0 o.o 0.0 0 . 2 O.l O.J 0.2 
CO.h l.ica o.o 0 .1 o.o 0 . 0 0.1 0 . 1 l.l 1. l 1. , 1.1 -. ... .. .. O.l o., o., 0.1 •• .. 1.1 1.0 
frHc~ Gwh.a1 lJ.l 0.11•1 0 . 1 1 .1()) .. •• .. .. 11.0 1 . 11• 1 
out„1a .. 0.0 O. l 0 . 1 0 . 0 .. l.l o.s 1.1 0.1 
c., .... 0. 1 ,.11•1 1.0 1.2 .. .. .. .. l. l ) . 1 
loahru o.o ·o.o o.o .. 0.2 .. o., .. 0 . 1 o.o 
autco .. .. .. .. 0.1 0.1 0.0 0.0 0.1 0.1 
licera,... 0 . 1 .. 0.0 0.0 0 . 1 o., •• .. o., o., , ..... .. 0 . 0 .. .. 0 . 1 0 . 0 0 . 2 0 . 1 O. J 0.1 
,arafHJ' o.o .. u., 2.2 1., 0.1 •• .. 20. 1 2. 7 , .... .. .. 0.1 o.o 0 .1 0.0 0 . 0 o.o 0.2 o.o 
lulaaa 0 . 1 0 . 1 o., .. 1.1 .. .. .. 2 . 1 0 . 1 
••••uda .. .. .. .. . . .. .. .. .. .. 
t r,aei .. .. .. .. .. .. .. •• .. .. 
1 ..... , .. 21.01)1 1'. I 1.01)) .. .. .. .. 21., ]0.0 
1„1. 0 . 2 0 . 1 0.0 o.o 0.1 0.1 0 . 0 o.o O. J 0.2 
1„0H■l• ,., 0.2 1.2 2 . , O. l 10. , o.o o., 1.1 U .I 
laap11cU1 2., 0.11•1 .. .. .. •• .. .. 2., 0.1 ..... 11.01)) 17. 2 S.01)1 0.1 .. .. .. .. 20.0 11.1 
„1a,1u ,., 7.l ,.s J.S 1.2 1 . S 0.0 .. 11. 0 U . l 
P•ru ••• ev10„ ,.1 ,., o., 0.1 o. , 0 .0 .. •• 1 . 1 1.0 
PbiUpphH 2., 0 .1 l . 1 2.2 2 . l 1., 0 . 0 o.o 1 .0 ).1 
Sn WAh 0.0 .. o. 1 .. .. .. .. .. 0.1 .. 
n a ilud 0.0 .. 0.0 O. l O. l 0.2 0 .1 O.J 0.) o., 
Yhtua .. •• .. • • .. .. .. .. .. .. 
hJ T-ropical budno41 oaly. - (b) On t l tl.aat 1001. - (c) Iachdht uporta of • ood pvlp. 

Source: Tables A3-A6; World Bank [ 1991); own calculations. 
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Table AlO - Employment in Wood-related lnduatriea, 1980 

llill)]ujWat ~ r-.lta) D:xu:llically 
active pq,u- thenot: u.-.at: 

l&tiai agriollture inbtry 
tot&l --

11004 1111 paperllld 
tacblr"iDo ,o:gl praM:ta , , llmzd 

llil. Jm"O!Dt 1000 

Caeroan(1) 3.6 70 8 '8 9 19 II& 1111 

Qime ,., 56 18 80 17 ;n l 1 

,.9 81 6 39 2 5 l J 
32.1 68 12 295 :k) 7 2 l 
l. 7 46 :k) '3 ' 9 0 0 

'4.2 31 Tl 3800 406 11 106 3 
8.0 3' 2' 508 u 3 11 2 
2. , 39 :k) U2 10 a l 2 

22.2 37 29 1768 1'4 8 l1 2 
0.7 32 18 lO 2 6 l 3 
5., 40 11 Z73 17 6 7 l 
,.9 16 28 409 22 5 15 ' 265.3 70 1l 6801 79 1 125 2 

56.J 57 13 96J 65 7 12 l 
0,) 5.3 '2 19 557 8' 15 7 1 

Qdnee 1.5 76 10 :k) 6 lO 0 0 
17.5 52 16 1053 w 11 21 2 
5.5 ~ 1, w 1 ' 7 ' (cl 25.7 68(4) ll(d) 99C 69 7 12 1 

(1) 1919. - 0,) 1981. - (c) 1982. - (d) 0m est:iat:icm. 

Source: 11.0 11986) ; UN [ 1986] . 
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Table All - Contribution of Woold-related lndustries to GDP, 1980 
Table Al2 - Price Relations for Seleoted Wood Producta, 1970- 1988 (a) 

tbenof: Value-u5ed (,_ie rwults) {b) 

GII' at u.eot: iDbtrY 
fact.ar oosu agricw.ture (a} total aau- 1100d IDd PIP'r"llld 

facturil:ig 1100d pro:lucts prperboud 

African non-coni- Aaian non- conJferou1 uwnwoocl to Aoian plJWOod to 
hroua loga to 

llil. US$ pm:,ent llil. USS percmt ail. ll'l'0alt 
ot. total USS of total 

non--coai-
11:Uropean 11:Uropean C.nadian North 

coniferou■ 
feroua loga 

non-coni- coniferoua conif.roua AMrican 
European 

loga USA ferou■ plJWOod 
J:urope 

aawnwood 
,avnvood 1awnvood plJWOod 

1.5028 58 12 (8) 10CM 62 6 l ' 1970 1.192 0 . 861 o. 78S 1.102 1.SH 0 . 952 0,663 

MS2 33 lO (11) 1092 88 8 'J7 3 
3265 36 18 (12) 206 ' 2 ' 2 

99564 26 42 (9) 6419 160 2 5 0 
2750 19 35 (15) 379 10 3 0 0 

215660 11 41 (31) 72857 3123 ' 2258 l 
300(9 22 28 (19) 7131 85 1 227 l 

1971 1.2'1 0 . 941 0.614 1.000 1.300 0.992 0 . 65' 
1972 1.'9S 1.000 0.66S 1.07' 1.180 0 . 845 0 . 609 
197' 1.167 1.016 0.824 l. S04 l.'37 1.10, o . 68S 
1974 l.SS9 1.129 o.u8 O. IH 1.701 0.11, 0 . ,20 
1975 1,1,S O.HS 0 . 618 0 . 944 1.672 o. 776 O. S42 
1976 1.285 1 , 027 O. IS7 1.026 1.616 0.761 0.,24 
1977 1.179 o . 1ea 0.611 0 . 947 1.632 0 . 164 0,490 

10756 12 l8 (18) 1355 69 5 42 l 1971 1.222 o .1u 0.6S6 0 . 971 1.494 0 . 90S 0 . ,22 

178217 8 33 (22) 42826 1696 ' 117' l 
3291 10 21 (10) D& 16 D& lO D& 

18621 10 42 (lO) 4966 121 2 156 l 
67555 5 46 (16) D& 256 D& 155 III 

154918 38 26 (18) ll0'2 81 1 295 2 
67429 2' 42 {ll) )~ 246 7 51 2 

) 21n 21 37 (lO) ~ 176 9 41 1 
Qdma 2l85 33 27 (10) 210 60 21 2 1 

31816 26 )7 (2') 5839 l22 6 190 l 
3766 28 30 (18) l01 6 2 8 3 

31810 19 32 (21) W74 187 2 96 1 

1979 1.u1 o .a,o o. 716 l.19S 1.146 1.0'3 0.'74 
1980 1.49S 1.100 0 . 679 1.116 2.201 1 . 119 0.,09 
1981 1.366 1.144 0 . 632 l.06S 1 . 971 1.2'3 o . ss, 
1982 1.19' 0 , 990 0 . 626 1.221 2 . 036 0 . 170 0.,11 
198' l. 343 0 . 969 o . 11, 1.388 2.000 0 . 79S 0 . '32 
1914 i.u, 0 . 976 o.aso l.JU 2 . 023 o . 1as 0 . ,01 
1913 l.'48 l.094 0.744 1.SS9 1.930 0 . 916 0 . 612 
1916 1 . 648 1.123 o . 711 1.281 2 . 361 o . 757 0 . 447 
1917 1.35' 0 . 94S o.,,, 1.119 1. 790 0.111 0.411 
1918 1. 380 l.2'9 0 , 616 1.1'9 1.841 1.011 0 . ,21 

<•> hie• relationa ar• calculated .. quothnt of export unit valuea (US$/a3 ) of the 
napecti,,.. procluct cauaoriaa. 

(a) 1111n of ~ in paranU-. - ()1) fix" ..., 00UDtria 
pri(llS (~• ruim). - (c) Ull. - (4) 1912. • 

~ il ai1y gi- at 
Source: FAO I a, 1981; 1988); own caloulatlons . 

Souroo: World Bank 11991); UN ( 1986). 
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Table A13 -Structure of Wood Consumption in the EC, 1970-1986 

Non-coni- Non-coni- Non-coni- Non-coni-
Coniferous ferous ferous ferous ferous 

(tropical) (other) tropical(a) tropical(b) 

3 mil. m percent 
-

Apparent consumption of logs 

1970 32948 5987 19361 23.6 10.3 
1971 33035 6163 18132 25.4 10.9 
1972 32951 6850 17924 27 . 6 11.9 
1973 39375 7908 19309 29.1 11.9 
1974 34848 5999 18395 24.6 10.1 
1975 29146 4713 16813 21 .9 9 . 3 
1976 34286 6136 16864 26.7 10.7 
1977 34739 5754 18565 23.7 9.7 
1978 36958 4916 18869 20.7 8.1 
1979 37391 5281 18279 22.4 8.7 
1980 37149 5355 18994 22.0 8.7 
1981 35029 4072 18149 18.3 7.1 
1982 36053 3791 16500 18.7 6.7 
1983 36339 3714 16437 18.4 6 . 6 
1984 37378 3633 16747 17.8 6.3 
1985 36707 3350 16884 16.6 5.9 
1986 37338 3252 17391 15.8 5.6 

Apparent conaumption of aawnwood 

1970 40601 1325 10832 10 . 9 2 . 5 
1971 40427 1256 11068 10.2 2.3 
1972 42621 1446 11525 11.1 2 . 5 
1973 46660 2387 12203 16 . 4 3.8 
1974 40707 1560 10690 12. 7 2 . 9 
1975 32727 1639 9150 15.2 3 . 7 
1976 40039 2629 10615 4,9 19 . 9 
1977 39286 2415 10944 4,6 
1978 

18,l 
40419 2550 11083 4,5 

1979 44415 
18.7 

3279 11550 22.l 5 . 5 
1980 42613 2718 11215 
1981 38012 

19.5 4.7 
2134 10056 17 . 5 4.2 

1982 38617 2281 9904 
1983 40145 

18.7 4.4 
2617 9198 22.1 5 . 0 

1984 39234 2304 9593 
1985 38153 

19 . 4 4.5 
2372 9392 20.2 4.7 1986 41161 2661 9153 22.5 5.0 

(a) Share in total non-coniferous. - (b) Share in total. 

Source: UN-ECE/PAO [ 1988)· own ~-tc I t · 
• - u a 10n. 
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Table A14 - Mineral Reserves Located in Tropical Countries, 1988 (a) 

Mineral 

Antimony 
Barite 
Bauxite 

Biemuth 
Cadmium 
Chromium(b) 
Cobalt 
Copper 
Diamonds 
l'luorspar(b) 
Gold 
Iren ore 

Lead 
Lithium 
Magnesite 
Hanganese 
Me r cury 
Molybdenum 
Nickel 

Potash 
Selenium 
Silver 
Tantalum 

Tellurium 
Thorium 
Tin 

Titanium(c) 
Tungsten 

Uranium 
Vanadium 
Zinc 
Zirconium 

Important reserves (percent) 

Bolivia (7.3), Hexico (4.3) 
India (18.l), Thailand (4.2), Mexico (4.2), Peru (1.2) 
Guinea (25.7), Brazil (12.8), India (4.6), Guyana 
(3.2), Suriname (2.6), Venezuela (1.5), Cameroon (.) 
Peru (12.3), Mexico (5.6), Bolivia (5.0) 
Mexico (6.5) 
Philippines (1.4), India (1.3), Brazil (0.8) 
Zaire (41.l ) 
Zaire (7.4), Peru (3.4), Philippines (3.4) 
Zaire (15. 3 ), Brazil (0.5) 
Mexico (8.2), Thailand (0 .4 ) 
Brazil (2,2) , Philippines ( . ), Mexico (,) 
Brazil (9.8), India (5.0), Venezuela (1.8), 
Liberia (0.8) 
Mexico (4.3), Peru (2.9) 
Bolivia (.), Zaire(.). Brazil (.) 
Brazil (1.8), India (1.2) 
Gaben (6,4), Brazil (2 .6) , Mexico (0.4) 
Mexico (3.8) 
Peru (2.5), Mexico (1,6) 
Indonesia (6.5), Brazil (1.4), Colombia (l.l), 
Philippines (0.8) 
Brazil (0.3) 
Mexico (5.0), Peru (3.8) 
Mexico (13.2), Peru (8.9) 
Thailand (33.3) , Nigeria (14.6), Zaire (8 .3 ), Brazil 
(4.2), Malaysia (4.2) 
Peru (3.5) 
India (32.1), Brazil (1.8) 
Malaysia (25 .9 ), Indonesia (15.9), Brazil (15.2), 
Thailand (6.3), Bolivia (3.3), Nigeria (0.5), 
Zaire (0.5) 
Brazil (23.7), India (12.4), Sierra Leone (0.7) 
Bolivia (1.8), Thailand (1.2), Brazil (0.8), 
Burma (0.6) 
Brazil (.), India (.) 
Brazil ( . ) 
Peru (4.8), Mexico (4.l) 
lndia (5 .8 ), Brazil (2.8) 

(a) Meas ured plus indicated reserves. Shares have been calculated on 
the basis of metal content (except where noted) . - (b) Grass weight. -
(c) Anatase, ilmenite or rutile. 

Source: US Bureau of Mines 11990). 
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