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The Main Report for the TFTO Activity (PCM(XI)/4) lite Economic Link@ges Bent, eon the
linte",@!,'o, 101 Trade in Tropic@Ininber @"d tlte S"siCi, loble MCI, @gene"! of Tropic@IFores!s
has been submitted by the London Environmental Economics Centre (LEEC) for review at
the 14th Session of the International Tropical Timber Council in Kuala Lumpur May 1993.
The main purpose of this Activity has been to assess how the trade influences the incentives
for sustainable management of tropical production forests, and to evaluate alternative trade
policy options available to InO and its member countries to implement the Year 2000
Strategy as outlined by Council Decision 30<).

The report examines the extent to which the tropical timber trade and policies compared to
other factors, affecttropical deforestation and timber-related forest degradation. The report
also analyzes the potential role that interventions in the international tropical timber trade
may have in promoting efficient and sustainable resource use in the forestry sector.

Evidenceon thennkagesbetween the tropical deforestation timber production and the timber
trade suggests that the trade is not a major source of tropical deforestation. Not only is the
conversion of forests to other uses such as agriculture a more significant factor but an
increasing proportion of tropical timber harvested in producer countries is for domestic
consumption and does not enter international trade. For example only 17% of total non-
coniferoustropicalroundwood production is used formdustrialpurposes. Of this only 31%
is exported in round or product form. Therefore only 6% of total tropical non-coniferous
roundwood production enters the international trade.

Thus the volume of tropical timber production that actually enters the trade is small and
declining. As tropical timber resources are depleted and domestic consumption of timber
products increases in producer countries, log prices are expected to rise and exports fall.
However, increased exploitation of temperate timber resources and possibly substitution by
other wood and non-wood products, will keep the prices of tropical hardwood products
down. Profit margins of tropical log processors will be squeezed and export markets
difficult to expand. Thus the main link between deforestation and the tropical timber trade
may be the impact of increasing scarcity of tropical timber resources and thus tropical
hardwood logs, on production and exports.

Nevertheless, there is genuine cause for concern over the excessive exploitation and rapid
depletion of tropical production forests in many regions, including the indirect impacts of
'unsustainable' harvesting practices on the loss of non-timber forest values and the incentives
to convert forest land to other uses (e. g. agriculture, livestock mulching). However, a more
significantimpact may be the role of 'unsustainable'timber production in opening up forest
areas to subsequent agricultural encroachment and deforestation. These effects do not
necessarily in themselves support strong statements about the relationship between timber
production for the trade and tropical deforestation. As noted above only a smallproportion
of tropical logs produced enters the trade directly and in the future declining log exports are
expected to be only partially offset by increased product exports.

Executive Sunmiary to the Main Report
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On the other hand, the timber trade callead to greater net returns for fores
and sustainable management of production forests making this option more attr ti th
alternative uses offorestland such as agriculture. UnfortunateI in man rod
the widespread prevalence of market and policy failures have distorted the incenti f
sustainable management. Failures in concession and pricing systems have rod cad
productive incentives that lead to the 'mining'of production forests. Domestic k d
policy failures havealsohada ina, jorinfluenceon the conversion offorestlaridt I
and other uses.

Thus the key factor in reducing timber-related tropical deforestation is ens
economic ince"!tves for efficientruid sustainable management of tropical roduction f ts.
Appropriate forest management policies and regulations within producer countries o htto
provide these incentives so that the long run income-generating potential of harvesti ti be
is maximized, and any significant external environmental costs associated with ti b
harvesting are 'internalized'. The s^rting pointforlTTO's Target 2000 is therefore t ta kl
the problem at its source by urging producer countries to improve forest sector Iic'

Current trade policy distortions in producer and consumer countries have if th'
exacerbated the problems created by poor forestry policy and regulations in tro ical f t
countries. Althoughlogexportrestrictions in producer countries have stimulated ro ai d
employment in domestic processing, they have led to serious problems of rusessin o
capacity and inefficiency. To the extent that this is the case 10 rices are artif 'all
depressed and recovery rates fall, thus increasing pressure on timber resources. Alth h
import tariffs on tropical forest products are generally low and declining in major developed
consumer markets, non-tariff barriers may be significant and increasin . Restricti
imports depress the global demand for tropical timber products and can feed back t ed
stumpage values in producer countries, thus discouraging the incentives for more eff ' t
processing and better forest management. Moreover producer countries will conti to
argue that they need to compensate their domestic processing through subsidies and rt
restrictions.

In short, restrictions in trade are not helping to reduce timber-related defor tati
developing countries. In contrast, by adding value to forestry operations the trade in
tropical timber products could act as an incentive to sustainable roducti f
management - provided that the appropriate domestic forest mania ement Iicie d
regulationsarealsoimplementedbyproducercountries. UnfortunateI man ro sadtrad
policy interventions to 'save the tropical forests' - such as bans taxes and unit'tati
restrictions - may actually work to resinc! the trade in tropical timber roducts. S h
interventions may reduce rather than increase the incentives for sustainable timb
management- and may actually increase overalltropicaldeforestation. A summ of timber
trade policy options, and their advantages and disadvantages in promoting sustainabletro ical
forest management is provided in Table I.

However, our study does suggest that there is a role for additional tropical timber trade
policies in fostering trade-rein!ed ince"!tves for sustainable management. Trade Itsies will
be the most effective if:

.
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i) they are employed in conjunction with and complement improved domestic
policies and regulations for sustainable forest management within producer
countries;

^) they improve rather than restrict access to import markets for tropical timber
products so as to ensure maximum value added for sustainably produced
tropical timber exports; and,

in) they assist producer countries in obtaining the additional financial resources
required to implement comprehensive national plans for sustainable
management of tropical production forests.

Based on the above conclusions from our study and in particular on our assessment of the
various trade policy options that TFTO could consider, we recommend a policy strategy
whereby TFTO explores those options that help rei, !force !he coriumi",, e"! by producer
cow"tries tow@rdsimp!eme"ting s"siCt, lob!e null@geme"! cad rim Ye@r 2000 0^Iec!jus. The
main elements of this strategy are:

. Trio should encourage the establishment of a country certification scheme. The
main objective of such a scheme should be to verify that a producer country is
implementing policies, regulario, Is cad inc"@geme"! pious th@r ensure sths!@"ticl
progress row@rd the Ye@r 2000 Torge!. In return to satisfying these conditions @"
Iropic@!!tmberprod"CIS ofth@!cow"try will be certified coming from a 'Target 2000'
producer country.

. As part of their policy reviews required for the certification process producer
countries should be required to review:

i) the implications of their existing domestic forestry policies and regulations on
timber-related tropical deforestation. and

it) the extent to which their existing forest sector trade policies may also be
affecting deforestation, either directly or through exacerbating problems
caused by poor domestic forestry policies and regulations.

In order to show progress towards achieving Target 2000 of sustainable timber
management, producer countries ought to demo, &str@!e @ coriumi, ", e"t 10 correcting
thosepoliq, at$10rtio"s that work ogoi"sithe T@rget 2000 o1!iective.

. In eXchange, producer countries that qualify for country certification of theirtropical
timber products through demonstrating progress towards achieving Target 2000
show!dbe allowed belier@ccessjbrrheseprodi, crs in the import"^rke!s of cousin, er
cow"tries. For example, the removal of specific tariff and non-tariff barriers on
imports of a certified country'stropicaltimber products ought to take place on a case
by case basis. In addition, consumer countries could actively promote through
information and market intelligence campaigns the use of tropical timber imports
from certified countries.
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Certified producer countries should also qualify forihe addiii0"@11:1:0"cm1@, 53t I
they require for implementing nationalsustainable management Ians and I"
Approximate estimates of the additional resources required su estthat h
from Us$ 0.3 to 1.5 bn will be needed annually by producer countries to sustai bl
manage their tropical forests, including production forests. nTO shownlicke lie
lead in promtori"g addition@! mien, @tio, ,@!linenci@I CSStsr@,, cejbr this " OSejbr
rimse cow"!lies that demursrr@, eprogress tow@rd Ihe re@r 2000 Torget cad ore d"61
certified.

. Ourstudyhasexamined several mechanisms for raising theseadditionalf d . O
conclusions are:

Although the additional resources required for sustainable mana ement f
tropical forests ought to come from sources external to the trade in th
current global and economic climate any additional funding throu h existin
bilateral and multilateral development assistance is unlikel to be forth
or sufficient for the task.

As part of its Year 2000 Strategy, rFTO ought to begin workin with other
international fom to establish more comprehensive mechanisms and
international agreements for raising revenue erren, @I to the trade to combat
the over@11 problem of tropical deforestation. Possible mechanisms could
include the establishment of a tropical forest fund ot a global s stern of
marketable forest protection and management obligations.

However, rFTO ought to explore minedtoreb, the possibility of raising funds
more specifically targeted for sustainable management of tropical roduction
forests in certified countries, most likely through appropriating revenue from
the international trade in tropical timber products.

iv. In our opinion, the use of a t";r or reve",, e tr@, LSI^!rsclte", e to redistribute the
existing revenue from the trade back to certified producer countries offers the
most promising option. Ifnecessary, it could be supplemented by a reve""e-
rotst"g trade SIIrch@rge of less than 5% - but this approach should be used
cautiously to avoid any distortionary or discriminatory effects.

Finally, as part of this strategy, there may be a need to protect individualtro ical
timber species that are in danger of over-exploitation. TFTO ought to work with
CrTES and other relevant authorities to establish a comprehensive trade mech
that establishes sustainable offtake export quotas for endangered tro ical timber
species as an incentive to both producer and consumer countries to acceptacontrolled
legal trade and to enforce it.

We believe that the recommended strategy should form the basis for further ne otiations b
producer and consumer countries under InO auspices. A comprehensive set of lides
should be developed that enlist trade-related incentives as a means to assisting producer
countries attain the Year 2000 Target of sustainably managed timber production.
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I.

The following paper consists of a synthesis of existing data and studies t ^
statistical review of forest resources and the international trade in timber rodu t 'th
special emphasis given to the role of tropical forests and tropical timber roducts. inI'
overview provides a background for the fonnulation and analysis of Iic o tions f th
international tropical timber trade to encourage sustainable forest mana Ginent.

The Food and Agriculture Organization of the United Nations (FAO) plans on coin letin
its 1990Forest, 4ssessme"ttowardsthe end of 1992thereb u datin th Id'
comprehensive database origlobalforestresources. The FAO studies are aria I t'
of various primary sources ranging from case studies and national statistics to satellit
data. The data on developed countries is being amassed by the FAO/Euro earl
Commission for Europe (ECE) in Geneva while FAO in Rome compiles the develo in
country data. Some preliminary summary results on deforestation rates in tro ical
have been released (FAO 1992), and the overview of tropical forest resources and forest
land use that follows is necessarily based on this past FAO assessments as well th
secondary sources. While a number of these secondary sources such as the WO Id
R^sources Institut^ myR1 1990) and Sadjo and Lyon (1990), have pieced togather re ional
or global reviews from more up-to-date primary sources they often end u relin
heavily on the older FAO and ECE/FAO figures.

Data on the production of, and trade in, timber products is generalI more accessibl d
reliable than that concerning forest resources and changes in land use. The FAO
maintains an extensive database of information that chronicles the earl turnover in
internationally traded forest products as well as figures on domestic roduction. All
additional source of information on tropical timber is the international Tro ical T' b
Organization (ITFO) which compiles statistics reported by its producer and consumer
country members.

Introduction

2. The Status of Tropical Forest Resources

Global Forest Resources

In the inid-1980's approximately 27% of the world's land area - or 3 565 million heera
(inn ha) - was covered by natural forests. Closed forest accounted for almost 80% (2,822
inn ha) of these natural forests. Other woodlands and plantations accounted for an



additional 13% of the world's land area (1,723 inn ha).' Figure A. I gives a regional
breakdown of closed and open forest lands along with an indication of the percentage of
total land area covered by closed and open woodlands in each region. No discernible
pattern in percentage of total natural forest cover between the tropical or temperate regions
emerges from the data. Around 40% of the former Soviet Republics and the Americas are
forested while Europe (34%), Africa (23%), Oceania (20%) and Asia (18%) are Mad^61y
less forested. Asia, Europe and the former Soviet Republics countries maintain large
tracts of closed forest relative to open forests. The only region with more open than
closed forest - by a factor of two - is Africa.

Commercial- harvesting of forest resources may occur in both open and closed forest.
Open woodlands, for example in Africa, lend themselves more to use as sources of
fuelwood and other local uses. Closed forests, on the other hand, are more likely to be
subject to more intensive commercial exploitation for industrial wood products. As this
study examines the environmental effects of the international trade in forest sector
commodities, closed forests are of particular importance (see Figure A. 2). The former
Soviet Republics and Latin America hold just over one-half of the world's closed forests
between them. North America follows with 21% and Asia with 13%. The remaining
dosed forests are situated within Africa (6%), Europe (6%) and Oceania (3%) completing
the regional distribution.

Namral-forests are also classified according to whether they are bamboo, broadleaved (i. e.
non-coniferous or hardwood) or coniferous (i. e. softwoods) with the latter two being more
prevalent in closed forest fomiations. Figure A. 2 illustrates that softwoods predominate in
temperate regions and hardwoods are found largely in tropical regions. Nthouglithere are
there are substantial hardwood resources located in the temperate regions of the fonner
Soviet Republics, the United States (Us) and Canada, the reverse is not true and tropical
regions have few softwood resources.

Tro ical Forest Resources

Table A. I depicts the status of natural tropical forest resources across ecological zones and
regions using provisional data from the Forest Resources/Issessme"t 1990 Project(FAO

'Definitions of closed and open vary. For temperate closed forests WRl uses the ECE
definition of areas with greater than 20% of area covered by tree crowns and the area's
primary use is forestry. For tropical closed forests WRl'uses the FAO definition of areas
with a large proportion covered by trees and without a continuous grass layer on the forest
floor. FAO's definition of areas with more than 10% tree cover and a continuous grass
cover is taken by WRl as the criteria for open forests. WRl classifies temperate areas that
are not used for agricultural purposes, have between 5-20% of their area covered by tree
crowns, or'have shrubs and stunted trees covering over 20% of their area as other
woodlands. This is essentially ECE's definition of open forest minus the restriction that
such areas be less than half a hectare in area. Finally, forest fallow and shrubs in tropical
countries are also classified as other wood!@"ds by WRl.
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1992).' in 1990, the total area of natural tropical forests was estimated to be 1,715 inn ha
- approximately 36% of the total land area in the tropics. Of this tropical rainforests
(656 inn ha) and moist deciduous forests (626 inn ha) constitute the largest portions (38%
and 37% respectively).

On a regional level, Africa accounts for 47% of the total land area within the tro ics but
contains only 35% of the total tropical forest. in contrast Asia is the smallest re ion
within the tropics (15% of the total tropical zone area) but contains an equal proportion of
tropical forest (15% of total tropical forest area). Latin America and Caribbean make up
the remaining 35% of the tropical zone area and contain the largest extent of tro ical
forest resources (50% of total tropical forest area). Within the tropical zone, over half of
the closed forest area is concentrated within three countries, namely Brazil (347 inn ha),
Zaire(103mnha)andlndonesia(109mnha)asshowninTableA. I '

The extent of land under plantations' in the tropics is relatively small compared to that
under natural forests - in 1990 total plantation area was 43.9 inn ha less than 2% of the
total tropical forest area (Table A. 2a). What is more, the 'net' area (after accounting for an
estimated survival rate of approximately 70%) is even lower - lying between 27.6 inn ha
and 34.1 inn ha. Of the total tropical plantation area Asia and Pacific have b far the
largest share (73%), and a significant proportion (79%) of alitropical plantations are
concentrated within three countries, namely india (18.9 inn ha), hidonesia (8.8 inn ha) and
Brazil(7 inn ha). industrial plantations (mainly eucalyptus, pine and teak) make up less
than 35% of total plantation area, the majority of which is located in the Asia and Pacific
region (58%), followed by Latin America (33%) with the remaining 9% in Africa (Table
A. 2b).

3. Changes in Tropical Forest Resources

Measurements of the extent of 'forest change' are heavily influenced by the definition that
is employed. filthis Section we look only at forest change according to the strict FAO
definition of deforestation, that is 'the change of land use or depletion of crown cover to
less than 10%' (FAO 1988). However, Section 111 of the main Report discusses in more
detailthe implications of using other definitions of forest change such as degradation and
modification, when analyzing the causes of tropical deforestation.

' The FAO (1992) tropical forest data is based on information from 87 tropical
countries which contain over 97% of the world's tropical forests.

' The definition of plantation used here is taken from FAO (1992) which states that "a
plantation is a class of forest established artificially: (i) on land which previously did not
carry forest; or (ii) involving the replacement of the previous crop by a new and
essentially different species. "
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111 recent years certain global patterns in forest land use changes have appeared. While in
the temperate region as a whole forested area has remained broadly stable - Sedjo and
Lyon (1990) actually report a 2% gain in temperate forest area since World War U - the
extent and rate of tropical deforestation has generated an increasing amount of publicity.
Tro ical Deforestation

The preliminary results from the Forest Reso, ,rees Assessment 1990 Project(Table A. I)
indicate that the previously estimated total natural forest area for 1980 of 1,935 inn ha
needs to be revised dowinwcrds to 1,882 inn ha. 111 addition, the research indicates that the
extent of deforestation througlioutthe 1980's needs to be revised upw@rds from 11.3 inn
ha aimually to 16.9 inn ha armually. The effect of lowering of the forest area in the base
year (1980) and increasing of the extent of amiual deforestation leads to an increase in the
estimated rate of armualtropical deforestation from 0.6% to 0.9% throughout the 1980's.
The revisions are even more significant on a regional level, with the armual rate of
deforestation in tropical Asia in particular being revised upwards from 0.6% to 1.2% (3.6
inn ha armually). However, Latin America (8.3 inn ha aimually) and Africa (5 inn ha
armually) continue to be the most significant contributors to tropical deforestation due to
the sheer extent of the loss of their tropical forests. Among the main ecological regions in
the topical zone, 7.3 inn ha of forests are deforested armually in the moist forest zone, 4.9
inn ha annually in the tropical rainforest zone and approximately 2 inn ha each year in
both the dry and hilumontane zones, with the moist deciduous forest zone and the
hilumontane forest zone suffering the highest rates of armual deforestation at 1.1%.

Of the tropical countries, Brazil(3.2 inn ha) and Indonesia (1.3 inn ha) incur the bigliest
extent of aimual forest loss (Table A. I). However, the rates of tropical deforestation are
highest in those countries that have high armuallosses of tropical forests combined with
relatively smalltropical forests, such as Ivory Coast (6.5%), Nigeria (5%), Costa Rica
(4%), Paraguay (4.7%) orR1 1992). Due to the vast extent of their forest stocks, the
armualrate of deforestation in the 'Big Three' tropical forest countries remains relatively
low: in Brazilit is 0.9%, in Indonesia 1.21% and in Zaire 0.2%.

Forests, of course, are not only destroyed, but regenerated naturally as secondary forests,
are regenerated by human intervention or renewed naturally by human management.
Reafforestation refers to three separate processes: (i) the restoration of a previously
existing forests (artificial regeneration); (ii) the artificial establishment of a new forest on
previously forested ground (reforestation); and, (in) the artificial establishment of forests
in previously unforested areas (afforestation). Table A. 2a presents estimates of armual
reforestation and afforestation in the tropics. While the reported area planted amounts to
approximately 2.6 inn ha, the estimated net area planted armually (after taking account of
an observed 70% survival rate) is only 1.8 inn ha. It is clear that the level of annual
reafforestation (1.8 inn ha) are being dramatically outstripped by the level of annual
deforestation (16.9 inn ha) in the tropics. What is more, only 35% of plantations are for

' lones and Wibe (1992) point outthatthere are many forests within the temperate
zone that are also under threat from degradation and deforestation. However, the loss of
these forests has received much less attention than the loss of tropical forests.
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industrial purposes, with the majority for non-industrial use such as community tree
planting and agoforestry.

It is extremely difficult to generalize about the implications of the reduction in tropical
forest resources for the timber trade. ' in some regions, the decrease in the natural tropical
forest stock is constraining the availability of timber for the trade. in other regions
natural tropical forest stocks are still plentiful but economic factors such as the cost of
extraction and transportation of the timber may constrain the supply of timber for the
trade. Whilst an increase in industrial plantations may offset the reduction in supply of
timber from natural forests in the future, this depends on a rapid increase in the level of
investment in reafforestation over the next few years' The type of species planted and the
degree of substitutability between plantation timber (usually softlyo0d species) and timber
from natural forests (mainly hardwoods), will also influence the extent to which
plantations can offset the loss of natural tropical forests. All additional concern is that
some of the 'wider' economic benefits of tropical forests (e. g. non-timber forest products,
watershed protection, biodiversity value carbon store climate regulation etc. ) are being
irreversibly lost through tropical deforestation.

Ownership, Management and Protection of Tropical Forest Resources

Poore et a!. (1989) provide one of the most comprehensive discussions of forest
management in the tropics in their book NO Timber If'ithoi, t Trees. in addition the FAO
has undertaken numerous regional studies of tropical forest management throughout the
1980's (FAO 1989a, 1989b, FAO 1987). in anglophone Africa, c"stomary rights
recognized by colonial administrations in countries such as Ghana Nigeria and Malawi
have meant that although the forests are often nominally nationalized they are in fact
treated as communal property. in francophone Africa, on the other hand, forests were
traditionally considered property of the state - although local use was not expressly
forbidden - and post-independence attempts to communalize forest lands have largely
failed. nitropical Asia a large percentage (over 80%) of forests are owned, controlled and
managed by the state.

4.

One of the main mechanisms for conserving tropical forests is through the establishment
of protected areas. Protected areas currently cover 5.4% of the total land area in the
tropics. The level of coverage is roughly I% biglier in Latin America and Caribbean than
Africa, Asia and Pacific (Table A. 3). Although Africa has a much smaller number of
protected areas, the average size of these areas is much greater than in other regions. The
participants at the IP World Congress on Nation@! Forks and Protected/Ire@s (1992)
agreed to work towards ensuring 10% protection by the year 2000.

' A projectthatis currently being undertaken for In'O by Duncan Poore and 11ED on
'Forest Accounting' should provide a greater insight on the implications of forest resources
for timber production and trade.
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5.

The FAO segregates timber products into 5 general categories: roundwood, sawnwood and
sleepers, wood-based panels, wood pulp, paper and paperboard. The sub-category
'roundwood'is composed of both 'industrial roundwood' (i. e. sawlogs and veneer logs,
pulpwood and particles) and 'non-industrial roundwood' (i. e. fuelwood and charcoal). All
further processed products (such as furniture, window frames and doors) are referred to as
'higher processed products'.

While charcoal and fuelwood production is significant as a percentage of the volume of
total roundwood production, especially in developing countries (i. e. 80%), only a very
small percentage (less than 0.5%) of non-industrial roundwood production enters the
international trade (Table A. 4a). What is more, the value of imports of fuelwood and
charcoal compared to the value of imports of alltimber products is very small - less than
0.5% (Table A. 4b). For these reasons, and because fuelwood rarely qualifies as a traded
good due to its low value per unit of volume, it is excluded from further consideration in
this study.

Tropical Timber Products: Production and Trade

Global Timber Trade

The production of, and trade in, timber products on a global level has been expanding
throughoutthe last few decades. The volume of industrial roundwood produced has
grown steadily to reach 1,654 inn in' in 1990, of which around 7% enters the international
trade as industrial roundwood (Table A. 4a). Some of the industrial roundwood is
consumed domestically in the timber processing industry, and approximately 20% of
secondary processed products (e. g. wood based panels, wood pulp, paper and paper
boards) are traded internationally. While the value of industrial roundwood imports has
been rising steadily over time, its share of the total timber products trade fallen from a
peak of around 20% in the 1970's to 10% in 1990. This reflects the increasing importance
of secondary processed timber products, such as paper and paperboards and sawnwood and
sleepers. in 1990 these two categories together accounted for 67% of the total value of
the timber products trade. Given the focus of this study on the 11^^pi^^Itjinber trade it is
importantto note that only around 30% (in volume terms) of the total global production of
industrial forest products is derived from non-coniferous forests - which are mainly
located in tropical regions (see Table A's).

The global timber product market is largely dominated by developed countries, in terms of
both exports and imports. ' For example, on the export side (Table 2.6a), developing
countries receive just a tiny portion q3%) of revenue generated by exports of industrial
timber products. The value of Africa's exports of industrial timber products is less that
I% of the total value of exports of industrial forest products that of Latin America less
than 3%, and that of Asia only 10%. The principle exporters of timber products are
North America and Western Europe who export 31% and 49% of the world industrial
timber products respectively (in value terms). Developing country export figures are

' Note that developing countries are mainly located within the tropics and developed
countries in temperate regions.
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heavily influence by the trade from Far East Asia which is res onsible for 669' of
roundwood exports and 91% of wood-based panels exports from all develo in co t '

Differentiation by producttype shows that the paper products cate or makes u
approximately 47% of global export revenues (in value terms) from the industrial forest
sector. This marketis dominated by developed countries who account for 949' of th
revenue raised by exports of paper products. The nextlargest markets are those for
sawnwood (17%) and wood pulp (16%), followed by wood-based panels (10%) and
industrial roundwood (9%). It is the less significant markets in which developing
countries play a more active role - that is, they are responsible for 29% of ex orts of
industrial roundwood and 42% of exports of wood based panels.

The developing countries share of the import market for industrial timber roducts is I
relatively minor (only 27% in value ternis), however this is larger than their share of the
export market (13%). 111 1990, the value of imports of industrial timber products to
developing countries cos$ 33,005 inn) far surpassed the value of exports cos$ 12,930
inn) making them netimporters of industrial timber products at a cost of over Us $20,000
inn.

Tro ical Timber Trade'

Of the total world non-coniferous tropical roundwood production (1,400 inn in' in 1990),
only 17% is used for industrial purposes with the remaining being consumed as fuelwood
and for other non-industrial uses (Table A. 7a). Out of the total volume of industrial
timber produced (275 inn in'), approximately 31% (86 inn in') is exported in round or
product form by tropical countries. Therefore, only a small percentage (6%) of total
tropical non-coniferous roundwood production enters the international trade (BOUTke
1992). Exports from tropical developing countries account for a modest share of the total
value of world exports - Us$ 11 billion (bn) out of Us$ 97.5 bn, i. e. 11%.

Table A. 8 lists (in value tenns) the trade balance for tropical countries that currently
export forest products. ' Tropical Asia and Oceania is the major exportin re 'on followed
by Africa, with Central and South America playing a minor role in the international forest
productstrade. The major exporting countries are hidonesia Malaysia Ivo Coast
Brazil, Gabon and Congo who each exported over Us$ 100 inn in forest products in 1990.
Although many tropical countries export forest products only a few maintain a positive
forest products trade balance due to high importlevels of forest products. The forest
products trade generates positive net foreign eXchange earnings in only ten of the eighteen

' Tropical timber is defined here as non-coniferous timber coinin from develo inTropical timber is defined here as non-coniferous timber coming from develo in
countries lying predominantly between the Tropic of Cancer and the Tropic of Ca Ticom.
However, due to data constraints some of the following Tables are based on coniferous
and non-coniferous timber data. Where this switch occurs it is clearly indicated in the
report and Table.

Note that term 'forest products'includes industrial and non-industrial wood roducts
and does not distinguish between coniferous and non-coniferous timber.
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African countries, five of the nineteen Central and Southern American countries, and eight
of the seventeen countries from Asia and Oceania listed in Table A. 8.

Estimates (in volume terms) of the proportion of timber products that enter world trade
from tropical countries compared to their apparent domestic consumption (ADC) of these
products are presented in Table A. 9. ' As noted above tropical Asia and Oceania is
clearly the most important region in the forest products trade - it accounts for half of the
industrial roundwood, sawnwood and wood-based panels produced by tropical countries
and its exports represent over 85% of total exports of these products from antropical
countries. Tropical Central and South America produce 36% of forest products from
tropical countries, but few of these products are exported as the large figure for ADC in
Table A. 9a indicates. Tropical Africa produces a minor share of forest products from
tropical countries (14%) and exports roughly 10% of its domestic production. Whilst
Africa accounts for around 15% of the ADC of roundwood in antropical countries its
proportionate ADC of sawnwood (9%) and wood-based panels (12%) is much lower.

Table A. 9b shows exports of timber products as a percentage of total domestic timber
production in tropical regions between 1961 and 1990. On average in 1990 tropical
regions exported 11% of industrial roundwood, 12% of sawnwood and 69% of wood-
based panels, with the rest consumed locally. The proportion of industrial roundwood and
sawnwood exported relative to production has decreased from the peak around 1970
whilstin contrastthe proportion of wood-based panels exported relative to production has
doubled. However, this pattern is dominated by the Asian block - reflecting dramatic
increase in the percentage of wood-based panels exported relative to production, from
40% in 1960-70 to 90% in 1990 - and is therefore not applicable to allregions. For
example in Africa, while exports of industrial roundwood and sawnwood as a percentage
of production have fallen over time, exports of wood based-panels have also fallen from
34% in 1961 to 22% in 1990. This is mainly due to the increased domestic consumption
of processed wood in Africa. Similarly in Central and South America exports of all
forest products as a percentage of production have decreased since 1961.

Real Price Trends for Tro ical Timber Products

The real forest products price index has been fairly stable since 1969, althougli has shown
a slight downward trend since the early 1980's (Figure A. 3)." Within this broad forest
products category, the real price index of tropical logs has displayed a rising trend over
the 1969-88 period. However, the realtropicallog price index has been fairly depressed
over the past decade, and it has remained consistently below its peak value in 1979
(Figure A. 4). The realtropicalsawnwood price index has followed a similar trend,
althougli with larger fluctuations and steeper decline since the inid-1980's (Figure A's).

' in Table A. 9, the data refers to coniferous and on-coniferous timber products.

'' The current prices are derived from export unit values and denated with an index of
export unit values of manufactured goods from the UN Monthl Bulletin of Statistics to
obtain real prices (FAO 1990). The real forest products price index includes coniferous
and non-coniferous forest products traded internationally.
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The real price rises of tropical logs and sawnwood may reflect increasing scarcit due to
declining inventories. Other industrial timber products (including wood based anGIS
pulp, and paper and paper board) have displayed a gradual increase in their real price
index over the 1969-88 period as a whole. However in contrastto tropical 10 s and
sawnwood, the real price index of these products have continued their rise over the 1980's.

There are regional differences in the export price of tropical timber products. For
example, the average unit export price of non-coniferous logs from Africa (current price
Us$ 1361m' in 1988) is substantially higher than the average unit export price of non-
coniferous logs from Asia (current price Us$ 781m' in 1988) (FAO 1990). This difference
in average unit export price between the two regions is explained to some extent by the
composition of species exported.

The Value of the Trade to Tro ical Re ions

As noted above, only a small proportion of tropical timber harvested is used for industrial
purposes q7%) and an even smaller proportion of total roundwood production enters-the
international trade (6%). The industrial forest sector and timber trade is, however,
importantto tropical countries for a number of reasons:

First, the industrial forest sector makes a direct contribution the economy of
producer countries - for example, in 1989 the industrial forest sector accounted for
3-6% of total gross domestic product (GDP) in Malaysia and Indonesia, 2-3% of
total GDP in Ivory Coast, Gabon, Ghana, Brazil and Costa Rica. 1/1 most other
tropical timber producing countries, however, the industrial forest sector
repres^rited toss than 2% of total GDP in 1989 myadd Bank 1992).

Second, wood-related industries are animportant source of employment generation
in the manufacturing sector of many developing countries, although the level of
employment in wood-related industries is extremely modest compared to the size
of economicalIy active populations in developing countries (Table A. 10).

Third, forest product exports are a valuable source of foreign eXchange for a few
countries. For example, forest product exports account for over 10% of the total
value of exports from Central African Republic, Ghana Indonesia Malaysia and
Papua New Guinea. However, across the tropics as a whole exports of forest
products do not generate substantial foreign eXchange earnings compared to total
export earnings (Table A. 11).

Finally, there are numerous wider economic and social benefits associated with
timber production and trade that are also important for tropical developing
countries, such as rural infrastructure development and the provision of other social
amenities.

.
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6.

A number of studies have attempted to forecast future trends in supply and demand in the
forest sector on a global and a regional level(Sedjo and Lyon 1990, Kanio at a!. 1987,
FAO 1990, Cardellichio at at. 1989, ECE/FAO 1986, ECE/FAO 1989, ECE/FAO 1990,
UsDA Forest Service 1990). A comprehensive review of many of these studies is
provided in a recent paper by fullold (1991). This Section provides a brief overview of
all these sindies.

Future Trends in Supply and Demand in the Forest Sector

A number of factors make it very difficultto estimate demand and supply projections of
forest products. For example, on the demand side it is often difficult to predictthe
relationship between demand and trends in population growth, the level of overall
economic activity and technological change. On the supply side, it is difficultto make
predictions due to poor infonnation on forest stocks, the rates of growth of these stocks
and the economic feasibility of harvesting the timber resources (these are, of course,
readily available proxies for real detenninants of demand such as construction housing
starts, furniture turnover etc). There is a particular difficultly in predicting tropical supply,
mainly because it is usually difficult to obtain significant coefficient on price for many
producers, therefore most models rely on exogenously determined supply (extrapolation of
historical trends). For these reasons, there is often a high level of uncertainty attached to
predictions about future demand and supply of forest products.

To date, most forecasting has been based on separate projections of consumption and
production of forest products. There have been a few national and regional studies that
have attempted to simulate market equilibrium, however in these studies trade is usually
treated as an exogenous variable. Although the basis for drawing firm conclusions about
the long tenn future of forest products supply and demand is extremely weak, it is
reasonable to make a number of broad statements concerning general long tern trends
(Amold 1991, Vincent 1991). The major trends in long term supply and demand of
timber are summarized below.

The Lon TenriSu

. The tropical timber trade will continue to decline in significance compared to the
global timber trade due to the reduction in the stocks of tropical forest resources
and an increase in domestic consumption by tropical countries. However, the trade
in timber between tropical countries - especially in sauniwood - is expected to
increase in significance over the next few decades. investment in timber
processing capacity, especially in Asia, will enable producer countries to export
more secondary and higlier processed products. To the extentthat producer
countries succeed in exporting a much higher volume of value-added goods in
place of logs, the total volume of the tropical timber trade may fall but the drop in
value of the trade will not be proportionate.

The shift in production from old growth stands to planted and secondary forests
will continue, both in tropical and temperate regions (ECE/FAO 1990). investment
in plantations in some tropical regions, especially Asia, may support a revival of

I of Timber

.
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timber production and trade by tropical countries in the future (although no longer
in hardwoods from natural tropical forests).

Despite the decline in tropical forest resources expanding use of temperate
resources will be more than sufficient to meet future global demands and stabilize
real p, ices for wood products (BCE/FAO 1990, Sadjo and Lyons 1990). The
projected growth in demand will be met mainly by plantations while any
'unexpected'increase in demand could be met by additional resources in central
Canada, northern Europe and eastern Russia. Western Europe will become more
and more self-sufficientin timber resources in particular Ireland United Kin doin
coK), Portugal and Spain foresee an above average increase in their forest resource
as large new plantations, mostly coniferous species, mature. North America is
expected to become an increasingly important producer with appreciable long tenn
increases in timber harvests over the period 1985-2035 with the harvest in the
south of the Us increasing by about 100 million in' (Sedjo and Lyons 1990).
Exports of sawn softwood, paper and paperboard and building board are projected
to increase substantially. Japan will also become increasingly self-sufficient in
timber resources from maturing domestic timber supplies and their production of
pulp and paper will continue to increase.

The Lon Term Demand for Timber

.

,

Global demand for industrial wood is projected to grow at a rate of 15-40% over
the next 15 years, and by 35-75% over the next 50 years' Developing countries
will account for a substantial proportion of this growth in demand (in particular
for sawnwood). The level of and growth in consumption of all major timber
products by the developing region is concentrated within South America the Far
East and China - between 1986-2000 they are expected to account for more than
half of the projected increase in sawnwood consumption. Although the growth in
demand by developed countries will be more moderate they will continue to
dominate the global timber market.

Hardwood consumption will grow faster than softwood consumption. However
current exports from tropical countries to developed countries will be reduced to
mainly higher quality woods. The bulk of tropical hardwood will be increasingly
directed to domestic consumption and to exports to other developing countries.
Although the export of processed timber products has been growing, there are
limited market prospects in the main user markets.

Changes in technologies and preferences will favor an increase in the growth of
demand for reconstituted products as opposed to solid products. At the global
level, the demand for sawnwood is expected to grow the slowest whilstthe demand
for pulp and paper products the fastest. The growth in consumption of pulpwood
is anticipated to be nearly three times as fast as the growth in consumption of saw
logs to the year 2000 (Carddlichio at at. 1989).

In North America the long run demand for all major wood products is projected to
grow solidly over the next 50 years' Consumption of paper products, fuelwood

.
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and pallets is expected to grow particularly rapidly (UsDA Forest Service 1990).
filthe mature European market the growth in demand will parallelthe increases in
population (ECE/FAO 1990). However, within this overall pattern of demand in
Europe, the consumption of paper and paperboard and of wood based panels is
expected to grow twice as fast as consumption of sawnwood between 1980 to 2000
(ECE/FAO 1986):

Growth in Consum tion of Timber Products b Euro e

Sawnwood

Wood-based panels
Paper and Paper board

Over the next few decades, Russia and the fomier Soviet Republics are expected to
rationalize and intensify their use of wood in order to improve the level of wood
use productivity. Up until now, a much larger proportion of the wood harvest is
used as fuel or in solid fonn (sawnwood) than in most other industrialized
countries. However, the structure of wood use is now shifting to reduction of
sawnwood and increase in panels and paperboard, combined with an increased use
of residues as industrial raw materials and a further reduction in the use of

roundwood as fuel(ECE/FAO 1989). Consumption of wood in Japan is expected
to have increased by at least 15% from 1986 to 2004 (MAFF 1987, Cardellichio
1989). The projected growth in demand is for panels, paper and paperboard,
reflecting a shift away from the traditionally heavy use of sawnwood in housing
and other construction uses.

Low

0.8

1.7

1.6

Market Volume and Value of Timber Trade

The projections of global timber harvests to the year 2000 are clustered around two levels
(see Table A. 12). The earlier projections undertaken in the late 1970's and early 1980's
project the global timber harvest to lie between 2.3 billion in' to 2.8 billion in' by the end
of the century. The more recent studies (Timber Supply Model(TSM) by Sedjo and
Lyons 1990;the FAO industry Working Party; and 11ASA Global Trade Model) all predict
a lower timber harvest, lying between 1.7 bn in' and 1.9 bn in'. Attempts to project
timber harvests beyond the year 2000 lead to large divergences in the estimated levels of
timber supply.

The literature indicates that if demand for timber continues to grow at a rate consistent
with the historic rate of growth of consumption, timber supplies are likely to respond
without any substantial increase in real prices. The decline in tropical timber resources
will be offset by the expanding temperate resources, other non-timber substitutes and
technical improvements in efficient resource production and processing. Ally increase in
prices at the timber stand levelis expected to reinforce the incentives for maintaining
plantation programs and may enable previously uneconomicaltimber supplies to be
considered as financially viable timber resources.

HIGH

1.6

2.5

3.2

1980-2000 %
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There have been few attempts to undertake price projections on a loballevel with the
exception of the TSM and the 11ASA studies (see Table A. 13). Despite similar harvest
volume projections for the year 2000, the Teal price estimates of the 11ASA stud ow at
almost 7 times the rate of those predicted by the TSM for the base case and twice as fast
as the TSM high demand scenario. The findings of the TSM are, however, consistent with
the statements made by ECE/13A0 (1986) and the widespread opinion that there is no
anticipated significant upward movement in real prices in the foreseeable future.

New Cl

Many of the trends described above are continued by more recent To'eations carried out
for this study. New projections of supply, demand and trade in forest products were made
using a model of the global forest sector, developed by the Center for international Trade
in Forest Products (CR. 1'1T^OR).'' Baseline short tenn projections to the year 2000
reveal a number of significanttrends concerning non-coniferous (hardwood) trade,
including tropical hardwood:

Shortages exist in tropical timber but nottemperate hardwoods. Decreasing
commercial inventory of tropical timber is beginning to constrain harvests
significantly, particularly in Malaysia. There is ino coinparable shortage of
temperate hardwoods, which supply large consuming country markets in the Us
Europe and other non-Asian markets. Even with increased sawlog production in
Indonesia and Brazil, two tropical hardwood suppliers with a large invento the
tropical hardwood share of all hardwoods will begin to decline.

The combination of expected strong economic growth in tropical timber roducin
countries, more modest demand growth in other consuming countries and declinin
supply of tropical hardwood logs will produce a substantial shift away from ex on
to domestic markets by the major tropical hardwood suppliers. Declining log
exports will be offset only partially by increased product exports.

nithe short-team, Japan's high-valued, end-use markets will continue to import
logs to meettheir needs, forcing less competitive consumer countries to reduce log
purchases. High growth in other Asian consuming countries will be filled by
increased processed imports, especially in Korea, which is losing competitiveness
in processing. With higher log prices after the year 2000, however, Japan will
decrease log imports substantially.

Declining tropical hardwood inventory win16ad to steadily rising sawlog prices
reaching levels 60 to 80% above 1990 levels by the year 2000 in realtenns. Most
of this price increase is anticipated to occur in SE Asia. Prices in countries with
adequate temperate hardwood sources will remain more stable.

OR Pro^Ctions

.

.

.

.

' Annex K describes the results of projections and policy simulations based on the
hatsst re, sion of the CINTRAFOR Global Trad^ Modal (CGTM), using dam un to 1990.
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While product prices will increase with rising log prices, the availability of other
supply sources in the more developed consuming countries, in conjunction with
lower demand growth, will constrain product price increases which in turn will
squeeze profits for processors of tropical timber. Plywood prices in Japan will rise
hardly at all. Relatively small price increases will be adequate to increase Brazil's
sawnwood exports considerably. Temperate region wood processors will benefit
from increasing availability of wood and gain market share. While tropical
hardwood processors will also face rising log prices, they at least should gain the
benefit of rapid domestic demand growth. Other consuming country processors
will be further squeezed by softwood and temperate hardwood substitutes. The
trend in the developed consuming countries is therefore for a reduction in tropical
log imports and the processing of imported logs, and increased productimports
with more substitution away from tropical products.

Lithe Asia-Pacific markets, scarcity of temperate hardwoods as well as softwoods
will impede substitution of these sources for tropical hardwoods. One can expect
significant structural changes in these markets to occur in the short-term as tropical
hardwood inventory and harvests decline. Ing markets in the Atlantic region are
very different from those in the Asia-Pacific region. While African-European
tropical log markets are not well differentiated in CINTRAFOR's model it is still
evident that the increasing availability of temperate hardwoods both in log and
product form, will temper log shortages of tropical timber from Africa to Europe.
Although West African log exports have declined historically they should have an
opportunity to shift away from European markets to higher prices in Asian markets.
However, structural changes taking placing in Asian markets may resultin the
consuming countries reducing tropical log exports to the extent that African
producers can not develop a market advantage in the long term.

Long-tenn projections to 2040 show that the commodity in short supply continues
to be tropical hardwood logs, not processing capacity. With the available tropical
hardwood inventory in several countries declining rapidly by 2000 either harvest
levels will be reduced quickly to more sustainable levels or they will drop even
more abruptly just a few years later with the depletion of the inventory. The
estimates used for the commercial timber inventory for Malaysia show that they
are near depletion of that inventory. increased harvests by Brazil and Indonesia are
not adequate to offset the other harvest declines and also service strong demand
growth. Their inventories are sufficiently large that the higher prices produce
increasing harvest levels in the model simulation unless harsh harvest constraint are
superimposed. Their harvest levels may not be forever sustainable butthey are
not close to depletion of the commercial inventory for many years,

Tropical sawlog prices will continue their upward trend but product price increases
will not keep pace. European markets show no impact of shortages in contrastto
SE Asia. With a 30% reduction in supply outside of Indonesia and Brazil log
price increases of 200% above 1990 levels are projected by 2020. While consumer
countries are forced to accept slightly higher prices and do change their
consumption patterns with those high prices, tropical log prices are not likely to
flatten out and decline much unless and untilincreased investment in sustainable

.

.
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forest management can support increased harvest levels. European markets show a
tendency for temperate hardwood log substitution for tropical hardwoods.

Higher log prices in tropical producer countries will help to motivate sustainable
forest management. While it may not have been economic to mana e the co t
harvest in such a way as to increase the yield of the next harvest 'ven the low
prices in the past, the projected price increases will greatly increase the rate of
return for managing forests for more sustainable production. While much of this
benefit may take 25 or more years to provide mature invento and is ther f
beyond the forecasting period illustrated some features such as eater use of
waste material and lower-valued species could occur much more uickl and
dampen the price increases.

7. Conclusions and Policy Implications

There are a few key issues with important policy implications which arise from this
review of forest resources and the international trade in timber products:

The rate of tropical deforestation is significant (0.9% for 1980-90) and has
increased substantially in recent years' However the decline in the stocks of
tropical timber resources is being offset by expanding temperate resources
especially from plantations and second growth forests.

Only a small percentage of tropical non-coniferous wood (17%) is used for
industrialpurposes. Outofthetotl I f'd 'industrial purposes. Out of the total volume of industrial timber (275 inn in'),
approximately 31% is exported in round or product form by tro ical countries.
Therefore, only a modest percentage (6%) of total tropical non-coniferous
roundwood production enters the international trade.

Tropical Asia is the most important region in terms of volume of timber roduced
(over 50% of tropical production) and exported (over 85% of tropical exports).
Asia is also taking the lead in processing timber products, and higher valued timber
products account for an increasing proportion of its exports.

Exports from tropical developing countries account for a small share of the total
value of world timber exports cos$ 11 bn out of Us$ 97.5 bn, i. e. 11%).
However, for a number of countries (e. g. Central African Republic, Ghana,
Indonesia, Malayisa and Papua New Gumes) timber exports are an important
source of foreign eXchange earnings (over 10% of total export exmings).

Domestic consumption of timber by tropical countries will continue to increase due
to population and income growth. Many tropical timber producers are already or
rapidly becoming, net timber importers. The level of South-South trade is
expected to expand over the next few years'

Demand for industrial timber on a global levelis expected to increase u untilthe
year 2000. Developing countries will account for an increasing share of this
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growth, although developed countries will continue to dominate the global timber
market.

Declining tropical timber inventory combined with demand growth in producer
countries will push up log prices and decrease log exports. Expanding temperate
resources will prevent coinmensurate increases in the prices of hardwood products.
Processors of tropical logs will see their profits squeezed, leading to declining
imports of tropical logs into consumer countries. This is only partially offset by
increased product imports from tropical countries.

Given the small proportion of tropical timber production that actually enters the
international trade there appears to be little direct leverage to use the trade as a means of
encouraging sustainable tropical forest management. While the value of the tropical
timber trade is not particularly signficant for most exporting countries, it is an important
source of foreign eXchange earnings and wider socio-economic benefits for a few key
producer countries. The loss of the benefits associated with the timber trade may
undermine incentives for tropical countries to manage and conserve their forest resources.

16



Amold, M. 1991. "Forestry Expansion: A Study of Technical Economic and EColo ical
Factors", Oxford Forestry Institute Paper No. 3 Oxford.

BOUTke, I. 1992. "Restrictions on Trade in Tropical Timber" a er for African Forestr
and Wildlife Commission Rwanda.

Cardellichio, P. , Youn, Y. , Adams, D. , 100 R. and Chanelik 1989 "A Prelimina
Analysis of Timber and Timber Products Production Consumption Trade and Prices in
the Pacific Rim until 2000", Working Paper 22 Centre for international Trade in Forest
Products, University of Washington Seattle.

CINTRAFOR 1992. "Measuring the impacts of Tropical Timber SU I Constraints
Tropical Timber Trade Constraints and Global Trade Liberalization" Aimex K of the
LEEC Report Economic Linkages between the International Trade in Tro ic@! Timber grid
the Sustainable M@"@geme"t of Tropical Forests, London Environmental Economics
Centre, UK.

References

ECE/FAO 1986. Europe@,, Timber Trends and Prospects to the Ye@r 2000 gridBe ond.
ECE/ITM/30 United Nations, New York.

ECE/FAO 1989. Outlookf?r the Forest and Forest Products Sector of the USSR,
ECE/nM/48, United Nations, New York.

ECE/FAO 1990. Timber Trends and Prospectsf?r North limeric@, ECE/ITM/53, United
Nations, New York.

FAO, 1987. 5:1, eci"I Study on Forest M@,,"geme"!; lift'orest@tio" and Utilization of Forest
Resources in the Developing Reio, us:11st@-FCCi;17c Region. FAO Field Document 17,
Rome.

FAO 1988. /In Interim Report on the St@te of Forest Resources in Developing Cow"tries,
FAO, Rome, Italy.

FAO, 1989a. Review of Forest Management Systems of Tropic@Inst@, FAO Forestry Paper
89, Food and Agriculture Organization of the United Nations Rome.

FAO, 1989b. Review of Forest Management Syste"&s of Tropical, ,11^ic@, FAO Forestry
Paper 88, Food and Agriculture Organization of the United Nations Rome.

FAO 1990. Forest ProductsPrices 1969-88 FAO Forestry Paper 95 FAO Rome Ital.

FAO 1992. "The Forest Resources of the Tropical Zone by Main Ecological Regions"
Forest Resources Assessment 1990 Project Rome Italy.

17



FAO 1991. Forest Prod"cts: World O"t!o0k Projections: Projections of Cons"inptto" cad
Production of Wood-Based Products to 2010, FAO Forestry Paper 84, Vol: I and 2,
FAO, Rome, Italy.

FAO 1992. 11GROS7>IT Computerized Information Series: Forest Products, Rome, Italy.

lones, T. and Wibe, S. 1992. Foests: Markets and Intervention Fat!wes - Five Case
Studies, Earthscan, London.

Kanio, M. , Dykstra, D. and Binkley, C. 1987. rite Glob"! Forestry Sector: 11n finelytic@I
Per. $pecttve, John Wiley and Sons, New York.

Poore, D. , Burgess, P. , Palmer, I. , Rietbergen, S. and Synnott, T. , 1989. NO Timber
Witho1, t Trees: Sustain"biff^, in the Tropical Forest, Earthscan Publications Ltd, London.

Schmidt, R. 1990. "Sustainable Management of Tropical Moist Forests" presentation for
ASEAN Sub-regional Seminar hidonesia.

Sedjo, R. A. , and Lyon, K. S. , 1990. rite Long-Term Adeqi, acy of World Timber Supply,
Resources for the Future, Washington D. C.

UsDA Forest Service 1990. 11n finalysis of the Timber Sitz, "tio, ,in the United States,
1989-2040, UsDA Forest Service General Technical Report RM-199.

Vincent, I. R. 1991. Tropic@I Timber 77@de Industrialtz@tio, !, and Policies draft paper
Harvard institute for international Development (inID), Massachusetts.

World Bank 1992. World T@bles. World Bank Washington DC.

World Bank 1992. World Development Report 1992: Development cad the Environment
World Band, Washington DC.

World Resources institute 1992. World Reso, ,rces 1992-3, Oxford University Press
London.

18



Table A. I Tropical Forest Resources: Status and Changes

ICALREGIONSl/
Lowlands

Tropical rain forest
Moist deciduous forest
Dry deciduous forest
Very dry forest
Desert

Uplands
Hill and montane forest

Total

REGIONSl/
Africa

Asia

Latin America & Caribbean

Land Area

(000 ha)

Total

SELECTEDCOUNTRIES2/
Latin kinetica

Brazil

Peru

Bornva

Venezuela
Colombia

Guyana
Sunname

Ecuador

% of Total

Land Area

912000

146110o

720500

547700

523800

Forest
Area 1990

(000 ha)

650500

4815600

18.9

30.3

15.0

11.4

10.9

Africa

2243300

896600

1675700

4815600

%of %of Total
LandArea Forest Area

655500

62640o

212900

39500

2500

13.5

100.0

Zaire

Congo
Gabon

Cameroon

C. A. R.

Eq. Guinea
Asia

46.6

18.6

34.8

100.0

178100

171,900

71.9

42.9

29.5

7.2

0.5

845651

128000

108439

88205

103870

19685

15600

27684

Area

DCforested

innua"y
1981-1990

(000 ha)

Indonesia

Malaysia
Philippines

600100

274900

839900

17/4900

Source:

38.2

36.5

12.4

2.3

0.1

Area

Deiforested

kilnuaUy
1981-1990

(%)

27.4

35.6

226760

34150

25767

46540

62298

2805

26.8

30.7

50.1

35.6

4900

7300

2100

200

100

347000

73000

55500

42000

41400

19300

15200

12300

10.4

100.0

11 FAO (1992), The Forest Resources of the
Tropical Zone by Main Ecological Regions Forest Resources
Assessment 1990 Project, Rome Italy.
21R. Schmidt(1990), Sustainable Management of Tropical Moist
Forests , presentation for ASEAN Sub-Regional Seminar Indonesia.

35.0

16.0

49.0

100.0

0.75

1.17

0.99
0.51

4.00

2300

16900

18/157

32855

29817

41.0

57.0

51.2

47.6

39.9

98.0

97.4

44.4

103800

21100

20300

17100

3600

1200

5000
3600

8300

16900

1.29

0.99

45.8

61.8

78.8

36.7

5.8

42.8

0.83

1.31

0.99

0.99

108600

18400

6500

3200

300

60

150

350

3

3

60

0.92

0.41

0.11

0.36

0.85

0.02

0.02

0.49

59.9

56.0

21.8

200

22
15

80

5

3

0.19

0.10

0.07

0.47

0.14

0.25

13/5

255

110

1.21

1.39

1.69



Table A. 2a Tropical Forest Plantations: Status and Changes (1990, 000 ha)

Africa

Latin America
Asia & Pacific

Industrial
Plantation

Area

Total

Re rtedFi

Table A. 2a Plantation Area by Species (1990, 000 ina)

Non-industrial
Plantation

Area

1400

5100
9200

res

15700

Africa

Latin America
Asia & Pacific

Total
Plantation

Area

1600

3500
23100

Total

Re ritedPlantation Areab Mains

28200

Eiicalyptus

Notes:

3000

8600

32300

Area

PlanterI

Ainually

Source:

790

4074
5200

43900

VTLe estimated figures are derived from the reported
figures after taking account of an observed survival rate of 70%.

FAO (1992), The Forest Resources of the Tropical Zoneby Main
Ecological Regions, Forest Resources Assessment 1990 Project
Rome, Italy.

EstimatedF'i res 11

130

370

2110

10064

Pines

Net
Plantation

Area

610

2776
1250

2610

cies
.

4636

Teak

2100

6000
22600

Net Area
Planted

Armually

145

15
2020

30700

Acacias

2180

91

259
1447

250

3150

1797

3400



Table A. 3 Protected Areas in Tropical Regions: Status (000 ha) 11

Latin America & Caribbean
Africa

Asia & Pacific

Total

Notes:

Source:

Total Area

11 This Table includes only tropical countries and protected areas
according to rocN-Management Categories I-V. Pacific includes Fi'i
New Caledonia, Papua New Guinea, Solomons and Vanetu onI

FAO (1992), The Forest Resources of the Tropical Zone by
Main Ecological Regions, Forest Resources Assessment
Project, Rome, Italy.

170390o

226880o

94120o

4913900

Number

Protected Areas

1094

484

1462

Area

3040

10480o

1/270o

48800

% of Total
Averagesize AreaProtected

266300

95.8

232.9

33.4

87.6

6.2

5.0

5.2

5.4



Table A. 4a Volume of World Production and Tradein Forest Products(inn cum) 11

Fuelwood and charcoal

Production

Imports
Imports as a % of Production

Industrial roundwood

Production

Imports
Imports as a % of Production

Sawnwood and sleepers
Production

Imports
Imports as a % of Production

Wood based panels
Production

Imports
Imports as a % of Production

Wood pulp 11
Production

Imports
Imports as a % of Production

Paper andpaperboards U
Production

Imports
Imports as a % of Production

1961

1041

4

0.3

1970

10/8

38

3.8

1186

3

0.2

1980

346

41

11.8

1278

93

7.3

1480

3

0.2

Note:

1990

Source:

26

3

12.0

4/5

56

13.6

Table 2.4bs Value orWorld Trade in Forest Products cos$ inn, current)

1452

1/8

8. I

1796

4

0.2

62

10

16.0

11 Wood pulp and paper and paperboards in inn int.

70

10

14.4

AllForest Products (AFP)
Imports

Fuelwood+charcoal

Imports
as % of AFP

Industrial roundwood

Imports
as % of AFP

Sauniwood+sleepers
Imports
as % of AFP

Wood based panels
Imports
as % of AFP

Wood pulp
Imports
as % of AFP

Paper+paperboards
Imports
as % of A1?P

451

78

17.2

1654

124

7.5

FAO (1992)

77

13

16.5

102

17

16.3

101

16

15.5

486

95

19.5

126

23

18.0

126

21

16.4

125

29

23.4

170

34

19.9

155

25

16.3

1961

6778

238

55

22.9

1970

31

0.5

14/70

908

13.4

Source:

1980

29

0.2

1841

27.2

62377

2693

19.0

1990

437

6.4

122

0.2

3020

21.3

FAO (1992)

123360

12316

19.7

13/6

19.4

1184

8.4

187

0.2

13952

22.4

2244

33.1

12523

10.2

2650

18.7

5236

8.4

34395

27.9

4567

32.2

9777

15.7

10391

8.4

20845

33.4

17341

14. I

48252

39.1



Table A, s Production of Coniferous and Nori-conifero11s Timber Products (in

IndusttialRoundwood Production
Coniferous
Non-coniferous

Non-coniferous as a % of Total

Sawlog + Veneer Production
Coniferous
Non-coniferous

Nom-coniferous as a % of Total

Pulpwood+Particle Board Production
Coniferous
Nori-coniferous

Non-coniferous as a % of Total

Other Industrial Roundwood Production
Coniferous
Non-coniferous

Nom-coniferous as a % of Total

1961

755

263
25.9

1970

Source:

478
159

24.9

911

367
28.7

1980

175

38

17.9

550
210

27.7

992
460

31.7

1990

101

67
39.6

235
80

25.4

614

264
30.0

1138
516

31.2

FAO (1992)

127

77

37.8

256
1/5

31.1

707
273

27.8

122

80
39.7

298
142

32.2

133
102

43.3



Table A. 6a Exports of Timber Products by Region, 1990

All Developed and Developing Countries
1000 cum 1/8/54

us$ inn 8964

All Developed Countries
1000 cum

us$ inn
N. America

1000 cum

us$ inn

Industrial

Roundwood

Sawnwood

& Sleepers

Europe
1000 cum

Us$ inn
Oceania

1000 cum

us$ inn

Other developed countries
1000 cum

Us$ inn

Wood Based

Panels

84178

6378

88406

16920

31255

3161

All Developing Countries
1000 cum

Us$ inn

Wood

Pulp 11

78146

14521

26699

1833

Africa

31179

10/35

1000 cum

us$ inn
Latin kinetica

1000 cum

Us$ inn
Near East

Ion)cum

us$ inn
Far East

1000 cum

Us$ inn
oner developing countries

1000 cum

us$ inn

46991

6938

10520

502

Paper
Products U

17840

5779

24138

6378

686

36

25027

15817

5791

1280

633

130

33976

2586

22931

14609

Total

10396

4050

55218

45268

55

27

4183

493

13230

8380

379

101

10260

2399

5084

209

51694

42887

7922

5338

199

77

Notes:

97/04

909

231

17263

10707

1/7

14

652

256

Source:

13339

4356

22618

1727

2084

426

31582

29687

84174

528

267

11 Wood pulp and paper products in 1000 metric tonnes

248

104

1975

142

106

20

30467

499

274

FAO (1992)

2096

1208

7116

17/1

987

317

1335

1675

47286

240

120

23

10

45

12

1264

3524

2380

12074

3921

1630

962

2082

7

5

o

o

7

4

1323

830

12930

227

126

49

30

953

o

o

2145

15/6

2743

o

o

74

9()01

159



Table A. 6b Imports orTimber Products by Region 1990

AllDeveloped and Developing Countries
1000 cum 123975

Us$ inn 12523

All Developed Countries
1000 cum

us$ inn
N. mienca

1000 cum

us$ inn
Europe

1000 cum

Us$ inn
Oceania

1000 cum

us$ inn
Other developed countries

1000 cum

us$ inn

Industrial

Roundwood
Sawnwood

& Sleepers

98428

9639

Wood Based

Panels

94618

34395

All Developing Countries
1000 cum
Us$ inn

6898

293

82663

17242

44053

3510

Africa

1000 cum

us$ inn
Latin America

1000 cum

us$ inn
Near East

1000 cum
us$ inn

Far East

1000 cum

us$ inn
Other developing countries

1000 cum

us$ inn

29282

10391

Wood

PIilp 11

33961

3314

18

7

23360

8246

37431

1051 l

47316

5802

Paper
Products U

25333

17341

4838

1306

1430

372

25547

2884

21342

15067

14/73

5515

9636

2992

54652

48252

897

1/4

4499

3054

Total

127

66

11955

17/54

1/2

20

45446

39705

13380

9681

4/14

1274

Notes:

1802

386

1/11

256

122903

12647

8824

Source:

279

193

5922

2145

23425

2493

2049

300

29514

27867

3034

1999

189898

11 Wood pulp and paper products in 1000 MT.

FAO (1992)

3400

15490

105

53

2

o

977

949

16791

3991

2274

4588

953

335

1/8

1598

1350

57084

1235

683

139

75

1/6

26

1587

9206
8548

4221

1280

879

429

13418

584

467

139

93

26

11

1958

1504

2833

1677

33005

1052

1737

1095

o

o

5588

4820

2372

18258

24

20

11/223

57



Table A. 7a TheVd"me orWo. ,a and Trip, calTinber Production and hade, 1990

TOTALROUNDWooD("nc"n)
World

Tropic. I
Industrial Roundwood (inn cum)

World

Tropical
Saw and veneer logs (inn cum)

World

Tropical

SAWNWooDANDSERBPERS(ume"n)
World

Tropic. I

WOOD BASBD PANEIS (rime"in)
World

Tropical

WOODFULP(mumm")
World

Tropical

PAPERANDFAFERBOARD(unto. CS)
World

Tropical

Production

Tropical Tropical
Production Exports
asa%of asa%of

World World

Exports Production Production

3450.4

1397

1654.2

275

979.8

149

Notes:

120.5

30

118.2

29.1

66.8

27

Table A. 7b TheVd". CCWorld and Than, "ITinberFrod"c, ion and Trade, 1990

Tropical countries are all developing countties excluding
China, Chile, Argentina, Tmrkey and S. Korea.

485.9

59

40.5

16.6

124.9

19.4

88.9

9

SAWN, DVERERRIOGS
World

Tropic. I

24.9

15.2

154.4

7.2

24.6

31.2

13

SAWNWOOD

World

Tropic. I

WOOD. BASEDFANELS
World

Tropical

12. I

404

238.2

15.5

25

0.7

15.5

10.1

55.2

2.2

WOODPULP

World

Tropic. I

PAPERANDFAFBRBOARD
World

Tropical

4.7

41.7

Exports
(Us$ billion)

6.5

2.8

Otium

4.0

TOTAL

6.57

2.28

Tropical
asa % of

World Exports

World

Tropical

16.99

2.15

Notes:

Source:

World

Tropical

10.14

4.15

34.7

Tropical countries are all developing countties excluding
China, Chile, Argentina, Turkey and S. Korea.

Bourke (1992), Restriction on Trade in Tropical
Timber, paper for Ame. in Forestry and Wildlife
Commission, Rwanda.

15.82

0.86

12.7

45.27

1.5

40.9

2.68

0.16

5.4

97.47

11.1

3.3

6.0

11.4



Table A. 8 Forest Products Trade Balance in Tropical Countries 1990 cos$ 000) 11

Imports

TROPICAL ArmCA
CarrierDon

Cent MrRep
Congo
C6te d'IVCire

Eq Guinea
Gabon

Glum
Guinea

Guinea-Bissau

Kenya
Liberia

Madagaacar
Malawi

Mozambique
Nigeria
Sierra Leone
Tar^Ina
Zaire

Zimbabwe

35412

468
4500

27200
o

3655

5129

1056

310
23594

1942
8546

8058

950
33083

1028
15700

3666
5765

Exports

TROPICALc. Nuns. ^ERICA
Belize

Costa Rica
Cuba

EISalvador

Guaten"in
HondunB

Mexico

Nicoragua
Falun"

Thindad &Tob
Bolivia

Brazil
Colombia

Ecuador

Fr GIDiar"

GIIy", a
Panguay
Peril

Sufi, unr, e

Net Exports

99833

29994
106087

236147
18700

136774

76526
800

350
4054

78264
534

1993

923
1680

146
1539

17032
4169

64421
29526

10/587

208947
18700

1331/9

71397

-256
40

-19540

76322
-8012

-6065
27

-31403

-882
-14/61

13366
-1596

3253

40020

1934/1
21800

69410

137921

403605
10566

76979

54396
4060

299402
104056

157834

1087
2356

13055
1049/4

9671

TROPICALASIAANDOCEANIA
Binnei Dams
Cambodia

Hong Kong
India

ladoneBia
Laos

MalayBia
My"mr. r
Philippinea
Singapore
Sri harm
Thailand

Yemen

F^i
Papua N Guinea
Solomon 18
Vanuatu

2445

21895

1847
2725

18326

3106i

13884
2569

3988

458
22160

1750981
20060

24373

2169
2694

24971
2558

840

-808

'18/25
-19/564

.19075

51084
-106860

-38972i
-7997

-72991

-53938
18100

1451579
-83996

-133461

1082
338

11916
-102356

-8831

6775
100

1752273
290967

330157

200
483372

4721
173662

747548

28771
1002371

10499
7804

5504

767
202

Notes:

30
94

705535
16337

3069/99

1025i
3040884

148084
1231/9

663302
600

10/551

29
22775

115500

17240
1900

Source:

11 Tropical countries taken here to be countries with the
majority of their land mass lying between the tropics. The
tern, forest products includes industrial and non-industrial
wood products. Only those countries that exported forest
products in 1990 are included in this table.

6745

.6

.1046738
-274630

2739042

10051
2557512

143363

50543

-84246

'28/7i
-900820

-10470
14971

109996

16473
1698

FAO (1992)



TableA. 9a Production and Trade in Timber Products by Tropical Countries 1990 (000 cum)

All Tropical Countries
Industrial Roundwood
Sawnwood

Wood-based Panels

Tropical Africa
Industrial Roundwood
Sawnwood
Wood-based Panels

Production

TropicalC. and S. America
Industrial Roundwood
Sawnwood

Wood-based Panels

257587
72584
18483

Exports

Tropical Asia and Occonia
Industrial Roundwood
Sawnwood
Wood-based Panels

28705
8719

12818

Imports

41687
6598
1108

TableA. 9b Export of Timber Products as a PercentageofFroduction in Tropical Countries (%)

ADC 11

4318
4841
1891

95697
26641
4289

3959
814
243

AllTropical Countries
Industrial Roundwood
Sawnwood
Wood-based Panels

233200
68706
7556

120203
39345
13086

40
235
66

172
1032
833

Tropical Africa
Industrial Roundwood
Sawnwood
Wood-based Panels

37768
60/9
931

24574
6873

11742

1961

95
1557
296

TropicalC. and S. America
Industrial Roundwood
Sawnwood
Wood-based Panels

95620
27166

3752

1970

4183
3049
1825

Tropical Asia and Occonia
Industrial Roundwood
Sawnwood
Wood-based Panels

15.6
15.3
34.0

99812
35521

3169

1980

27.1
17.3
33.0

23.8
32.1
34.0

Notes:

1990

18.2
16.2
32.5

23.3
28.5
33.0

1.6
14.7
34.0

11 ADC = Apparent Domestic Consumption
Tropical countries are taken here to be countries
with the majority of their land mass lying between
the tropics. This table includes data on
coniferous and non-coniferous timber products.

FAO (1992)Source:

11.1
12.0
69.4

16.3
12.7
28.6

1.0
13.6
33.0

22.2
11.9
40.5

9.5
12.3
21.9

0.2
6.9

15.3

44.2
18.5
39.9

0.2
3.9

19.4

33.4
24.5
49.4

20.4
17.5
89.7



Table A. 10 Employment in Wood Related Industries 1980

EconomicalIy
Active

Population (EAP)
(million)

Cameroon

Ghana

Ivory Coast
Madagascar
Nigeria
Bolivia

Brazil

Colombia

Ecuador

Mexico

Panama

Peru

Vanezuela

India

Indonesia

Malaysia
Papua New Gum
Philippines
Sri Lanka

Thailand

Total
Agriculture Industry Manufacturing
Employment Employment Employment
as % ofEAP asa % ofEAP (thousand)

3.6

4.4

3.5

4.9

32.1

1.7

44.2

8

2.4

22.2

0.7

5.4

4.9

265.3

56.3

5.3

15

17.5

5.5

25.7

70

56

65

81

68

46

31

34

39

37

32

40

16

70

57

42

76

52

53

68

Source:

8

18

8

6

12

20

27

24

20

29

18

18

28

13

13

19

10

16

14

11

Woodand

Wood Products

Employment
(thousand)

Amelung and Dieh1(1992)

48

80

67

39

295

43

3800

508

122

1768

30

273

409

6801

963

557

20

1053

162

994

Paper and
Paperboard

Employment
(thousand)

9

17

12

2

20

4

406

13

10

144

2

17

22

79

65

84

6

111

7

69

re

2

2

o

106

11

3

31

7

15

125

12

7

o

21

7

12



Table A. 11 Forest Products'lirade Compared to Total'Itade in Topical Countries 1990

Tropical Africa
Cameroon

Cent Att Rep
Congo
C6te d'Ivoire
Gabon

Ghana

Kenya
Madagascar
Malawi

Nigeria
Sierra I^one
Tanzania
Zaire

Forest Products Forest Products
Imports Exports
S$ 000

35412

468

4500

27200
3655
5129

23594
8546

8058

33083

1028

15700
3666

TropicalC. and S. menca
Costa Rica
BISalvador
Guatemala
Honduras
Mexico

Nicaragua
Panama

Tnnidad & Tob
Bolivia

Brazil
Colombia
Ecuador

Paragiay
Peru

S$ 000

99833

29994

106087
236147
136774

76526

4054

534

1993

1680

146

1539
17032

Total Imports
S$ 000 000

Total Exports of Total imports of Total Exports
S$ 000 000 % %

1300

170

570
2100

760

1199

2124

480

576

5688

146

935

888

40020

21800
69410

137921
403605

10566

76979

54396
4060

299402
104056

157834
13055

1049/4

Forest Products Forest Products
imports as a % Exports as a %

Tropical Asia and Ocean^
HongKong
India
Indonesia

Malaysia
Philippines
Singapore
Sri Lanka
Thailand

Papua N Guinea

1200

130

1/30

2600

2471

739

1033

335
4/2

13671

138

300

999

21895

2725
18326

31061

13884

2569
3988

458

22160

1750981
20060

24373

24971
2558

2.7

0.3

0.8

1.3

0.5

0.4

I. I

1.8

1.4

0.6

0.7

1.7

0.4

2026

1200

1626

1028

28063
750

1539

1262

716

22459

5590

1862

1/13

3230

Source:

1752273
290967
330157
483372
173662
747548
28771

1002371
5504

8.3

23.1

9.4

9.1
5.5

10.4

0.4

0.2

0.5

0.0

0.1
0.5

1.7

1457

550
12/1

916

26714
379

321

2080

923

31243
6766

2714
959

3277

705535
16337

3069/99
3040884

1231/9

663302
600

10/551

11550o

FAO (1992) and World Development Report(1992)

2.0

1.8

4.3

13.4

1.4

1.4

5.0
4.3

0.6

1.3

1.9

8.5

1.2

3.2

82495
23692
21837

29251
13080

60647

2689

33129

1288

1.5

0.5
1.5

3.4

0.1

0.7

1.2

0.0

2.4

5.6

0.3

0.9

2.6

0.1

29002
17967
25553
29409

8681

52627
1984

23002

1140

2. I

1.2

1.5

1.7

1.3

1.2

I. I

3.0

0.4

2.4

0.1

12.0

10.3

1.4

1.3

0.0

0.4

10.1



Table A. 12 Forecasts of Industrial Roundwood Demand

Organisation I
Study'

Food and

Agricultural
Organisation

Year Made

Food and

Agricultural
Organisation,
Working Party.

Projected to
year

SRI

1982

(high)

World Bank

1982

Cow)

International

institute for

Applied Systems
Analysis (11ASA)
GTM

1979

Forecast

volume (bn of
in3)

2000

2000

RFF

TSM

1979

1978

2000

implicit growth
rate

(%/year)

Base

case

2.6

1987

2.3

2000

High
demand

Source: Sedjo, S. and K. Lyons, 1990. The Long Tenri Adequacy of World Timber
Supply.
' Skimtemational and World Bank data fon" Bouler(1986). FAO data from FAO,
'World Forest Products: Demand and Supply 1990 and 2000' FAO Forestr Pa r n0.28
(Rome , FAO, 1982). FAO industry Working Party Paper from FAO, 'FAO World
Oatlook for Timber Sunply', phas^ V (Rom^, FAO, 1989). 11ASA dam from M. K^Ino,
D. Dykstra and C. Binkely, eds. 'The Global Forest Sector: Animalytical Pers ective'
' From a base of 1.5 billion in' in 1985.
' based on current real prices.

The 11ASA GTM projections to 2030 are not reported in 'The Global Forest Sector'
They were presented, however, at numerous meetings and in working papers such as 'The
Global Forest Modal' (unp"blish^d draft by Iak^ Popovich, May 1985).

1987

2000

1.8

2025

1988

3.7

2000

1988

2.9

1.9

1988

2030e

2.8

1988

1.2

5.9

2000

1.8

2035

2000

1.6

2.6

2035

4.2

3.4

1.7

12

2.0

1.8

1.2

2.3

0.8

0.6

1.2

0.9



Table A. 13 Projected Real Prices for Industrial Wood

Study

RFFTSM

Base case

Higli demand

msAGTM

Year Made

ECster" U. S.

sawlogs, conifer
pulplogs, conifer
sawlogs, nonconifers
pulplogs, nonconifers

Western Ei, rope
sawlogs, conifer
pulplogs, conifer
sawlogs, nonconifers
pulplogs, nonconifers

Projected to year

1988

1988

Real Price

Growth Rate

(annual %) '

Notes:

2000

2000

2035

Source:

at From 1980 to 2000.

Sedjo, A. and K. Lyons. 1990. The Long Term Adequacy of World Timber
Supply.

2000

2000

2000

2000

0.2

1.12

1.3

2000

2000

2000

2000

5.9

3.5

4.7

0.0

0.3

3.2

1.3

1.8



Figure A. I
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- Figure A. 3 Forest Products Price Index (Us$/in' 1980 = 100)
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Figure A. 4 Tropical Logs Price Index cos$/in' 1980 = 100)
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Figure A. 5 Tropical Sawnwood Price Index cos$/in' 1980 = 100)
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Links between the Timber Trade and Tropical Deforestation'

This paper discusses the links between the timber trade and tropical deforestation. All
important question to be asked at the outset is whether tropical deforestation can be
considered as an economic problem. The paper then focusses on the role of the timber
trade as an incentive for sustainable tropical forest management which involves looking at
alternative tropical forest land use options and the economics of land allocation. The
paper draws together the literature on the direct and indirect links between timber
production and tropical deforestation. Existing statistical analysis of the relationship
between timber production, the trade and forest clearance in the tropics are reviewed and
a new analysis presented. Finally, the policy implications of this paper for the
international tropical timber trade as a means for encouraging sustainable forest
management are summarized in the conclusion.

loanne C. Burgess

October 9, 1992

I. 1STropicalDeforestationanEconomicFrobjem?2

To answer the question as to whether tropical deforestation is an economic problem
requires addressing two additional issues:

are tropical forests an efficient form of holding on to 'wealth'?

are the opportunity costs of tropical deforestation greater than the benefits gained?

Although apparently different, the questions are inherently related and represent two
aspects of the same fundamental economic problem concerning tropical deforestation.

Like most environmental'assets', tropical forests can be seen as a form of 'natural' capital.
That is, they have the potential to contribute to the long-run economic productivity and
welfare of tropical forest countries. Thus the value of a tropical forest as an economic
asset depends on the present value of its income, or welfare potential. However in any
growing economy there will be other assets, or fonns of wealth, that yield income. Ally
decision to conserve a tropical forest therefore implies an opportunity cost in terms of
foregoing the chance to invest in alternative income-yielding assets such as man-made
reproducible capital. If tropical forests are to be an efficient form of holding on to wealth
then they must yield a rate of return that is coinparable to or greater than that of other
forms of wealth. In other words, an 'optimal' strategy for a developing country would be
to 'drawn down' its stock of tropical forests to finance economic development by

.

' I am gi'atefulto comments and advice from E. Barbier and I. Strand.

' Section I and 2 of this paper are drawn from Barbier (1992).



reinvesting the proceeds in other assets that are expected to yield a higher economic
return. Under such circumstances, tropical deforestation is not an economic Tobiem but
is in fact economicalIy justified; it should proceed up to the point where the coin arative
returns to 'holding on' to the remaining forest equals the returns to alternative investments
in the economy. If the latter always exceeds the former then even coin lete deforestation
is economicalIy optimal.

The idea that economic well-being or'welfare may not be affected and ina even be
enhanced if the rents derived from depleting natural resources such as tro ical forests are
reinvested in reproducible capital has been around for some time in the theoretical
economics literature. For example, the 'Hartwick-Solow rule' states that reinvestmerit of
rents derived from the intertemporalIy efficient use of exhaustible natural resources in
reproducible (and hence non-exhaustible) capital will secure a constant stream of
consumption over time (Solow 1974 and 1986, Hartwick 1977). Similarly, basic economic
renewable resource theory suggests that, for slow growing resources such as tropical
forests, it may under certain conditions be more economicalIy optimal to harvest the
resource as quickly and efficiently as possible and reinvest the rents in other assets whose
value will increase much faster. Equally, if the harvesting costs are low, or the value of a
harvested unit is high, then the resource may also not be worth holding on to today (Clark
1976, Smith 1977).

However, there are obvious limits to the applications of the above rules to realit . For
example, the Hartwick-Solow rule assumes that there is sufficient substitz, tabili^, between
reproducible (man-made) and natural capital over time such that they effectiveIy comprise
a single homogeneous stock. Moreover, the above rules assume that all economic values
are known and reflected in the prices of resources markets are undistorted resource
extraction is efficient and rents are reinvested in other assets in the econom . As a
consequence, more recenttheories now stress the limits to substitution between many
forms of natural and man-made capital, even for developing countries interested in
'drawing down' their natural capital stock in favor of investing in other forms of co itat
(Barbier 1989, Pearce, Barbier and Markandya 1990). in particular, certain functions of a
tropical forest, such as its role in maintaining micro-climates protecting watersheds
providing unique habitats and supporting economic livelihoods of indigenous peoples ina
be tyretriev@bb, lost when the forest is degraded or converted. Often the economic values
of these and other functions of tropical forest are not properly accounted for in decisions
concerning forest use. There can be a great deal of uncertainty over many of these values
such as the forest's role in maintaining biodiversity and global climate. FinalI as the
main Report demonstrates, there is little evidence to suggest that tropical forest resources
are currently being exploited efficiently, nor that the rents earned from activities that
degrade or convert the forests are being reinvested in more 'profitable' activities. Rather
market and policy failures are often rife, and economic rents tend to be dissipated and
misused.

In sum, although it is theoretically possible that the current rates of tropical deforestation
are economicalIy optimal, it is unlikely that this is the case. Too often decisions
concerning tropical forest depletion and conversion are taken without considering the
opportunity cost of these decisions. In short, we do not know whether it is worth 'holdin
on' to the tropical forest as an economic asset because we do not know or bother to take
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into account the potential economic benefits that it yields. As a result, decisions will
always be biased towards converting or depleting the tropical forest because the
underlying assumption is that foregone benefits of maintaining the forest are necessarily
negligible. If this is the case, as much evidence suggests, then current levels of tropical
deforestation may not be optimal but '6xcessive', and hence tropical deforestation may
indeed be an economic problem.

2.

Tro ical Forest Land Use O tions

The Timber Trade as an Incentive for Tropical Forest Management

If tropical deforestation is an economic problem, it is because important values are lost,
some irreversibly, when closed forests are opened up, degraded or cleared. Each choice or
land use option for the forest - to leave it standing in its natural state, or to exploit it
selectively, e. g. for timber or non-timber forest products, or to clear-cut it entirely so the
land can be converted to another use, such as agriculture - has implications in terms of
values gained and lost. The decision as to what!and use option to pursue for a given
tropical forest area, and ultimately whether current rates of deforestation are '6xcessive',
can only be made if these gains and losses are properly analyzed and evaluated. This
requires that @11the values that are gained and lost with each land use option are carefully
considered.

For example, preserving a tropical forest involves direct costs of preservation, in terms of
setting up a protected area, paying forest guards and rangers to protect and maintain the
area and perhaps the cost of establishing a 'buffer zone' for surrounding local communities.
Development options, such as the use of the forest for commercial timber exploitation and
of the converted forest land and resources for agriculture, mining and hydroelectricity, are
sacrificed if preservation is chosen. These foregone development benefits are additional
costs associated with the preservation option. Such costs are easily identifiable as they
often comprise marketable outputs and income sacrificed (e. g. timber revenue, agricultural
income, mineral wealth, hydroelectricity). It is not surprising therefore that governments
and donors usually consider the total costs - the direct costs plus the foregone
development benefits - of preservation in their choice of land use options for tropical
forests.

Butthe same approach should be taken in evaluating development options of the forest.
For example, if the forest is to be cleared for agriculture, not only should the direct costs
of conversion (e. g. clearing and burning the forest, establishing crops) be included as part
of the costs of this land use option but so must the foregone values of the forest that has
been converted. These may include both the loss of important environmental/i, "ctio"s
(e. g. watershed protection, micro-climate maintenance) and resources (e. g. commercial
hardwoods, non-timber products, wildlife).

In other words, we must determine the total economic VCI"e (TEV), both marketed and
non-marketed, that is being surrendered through modifications of the prevailing forest
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land use that any development option Gritails. ' These values comprise direct and indirect
use values, option values and existence values. Direct use values include timber and non-
timber products and ecotourism. indirect use values are essentially the ecolo ical
functions of tropical forests: their watershed protection micro-climatic and material
cycling functions. Allthese values may have an option value component if we are
interested in preserving them for future use. Finally existence values are the values that
people place on the forest 'in itself and are unrelated to any use.

However, many of the component values in total economic value have no market -
especially subsistence or underdeveloped non-timber products and the indirect use o tion
and existence values of forests. Choice of land use is therefore often biased in favor of
land uses that do have marketed outputs, e. g. development options such as ranchin
timber exploitation, agriculture, mining, hydroelectricity. The result is too much
conversion and over-exploitation of forest and too little natural management of forest
land.

The basic reason for the imbalance is that the non-market values of the natural/mana ed
systems are not automatically reflected in the price of forested land. For exam to the
market value of land converted to agriculture fails to reflect the lost environmental
benefits, such as watershed protection. If 'owners' (i. e. those with legal title and those
who have acquired the land on a first-come basis) had to pay the full social cost of
developing forested land, less land would be converted or over-exploited. Forested land
is clearly underpriced. Animportant consequence is that once the land occu ied has
become sufficiently degraded and thus significantly less productive the 'owners' have a
strong incentive to abandon the land for new, virgin forested land which is 'chea ' to
acquire and develop. The process repeats itself untilit becomes difficult to get access to
new forest lands, for example due to the lack of roads or waterways into a region
(Schneider at at. , 1990, Southgate, Sierra and Brown 1989).

Although it is clearly the responsibility of governments in ensuring that the total economic
value of forest land lost through conversion and exploitation is accounted for as part of the
costs of these development options, most evidence suggest that public policies are often at
the core of the tropical deforestation problem. ' Too often the pricing and economic
policies of countries with tropical forests distort the costs of deforestation:

the 'prices' determined for tropical timber products or the products derived from
converted forest land do not inco, :por@te the lost economic von, es in terms of
foregone timber rentals, foregone minor forest products and other direct uses (e. g. ,
tourism), disrupted forest protection and other ecological functions, and the loss of
biological diversity, including any option or existence values.

' For further devils, see Barbier (1991) and Pearce (1990).

' For recent comparative reviews of how public policies affect tropical deforestation, see Barbier (1991);
Barbier ,t at. (1991); Binkley and Vincent (1991); Hyde and Newman (1991); Repelt0 (1990); Repetto and
Gillis(1988). "
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even the direct costs of harvesting and converting tropical forests are often
subsidized and/or distorted, thus encouraging needless destruction.

If proper economic valuation of forest losses takes place, the cost of forest conversion and
degradation can often be high. For example, in hidonesia, the foregone cost in terms of
timber rentals from converting primary and secondary forest land is in the order of Us$
625-750 million (inn) per annum. With logging damage and fire accounting for additional
costs of Us$ 70 inn, this would representlosses of around Us$ 800 inn annually. The
inclusion of foregone non-timber forest products, such as essential oils, honey, wildlife
products, resins, bamboos, fruits and nuts, would raise this cost to Us$1 billion (bn) per
year. The value of exports of non-timber forest products rose from Us$ 17 inn in 1973 to
Us$ 154 inn in 1985, comprising 12 per cent of export earnings. Exports of rattan alone
were Us$ 80 inn in 1985. However, the commercial potential of many non-timber
products may be currently under-exploited. The foregone future value of these products
may therefore be much higher than their value at present. Moreover, many of the
important economic uses of non-timber products, e. g. the use of 'wild' forest foods to
supplement food security and meet subsistence needs, are non-market and thus are not
often properly accounted for. Consequently, both the foregone commercial and non-
market benefits of non-timber products must be incorporated into any assessment of the
costs of deforestation (Pearce, Barbier and Markandya 1990, ch. 5).

The total cost of the depreciation of the forest stock would include notjust the cost of
conversion but also the cost of timber extraction and forest degradation. One study
estimated this total cost for Indonesia to be around Us$ 3.1 bn in 1982, or approximately
4% of GDP (Repetto at a!. 1987). However, this estimate must be considered a lower
bound, as it does not include the value of the loss of forest protection functions (e. g.
watershed protection, micro-climatic maintenance) and of biodiversity. The latter may
particularly be important in terms of option @"d 'existence values - i. e. , values reflecting a
willingness to pay to see species conserved for future use or for their intrinsic worth -
which could translate into future payments that the rest of the world might make to
Indonesia to conserve forest lands. Similar arguments apply to the value of the forest as a
c@rbo, , store (Pearce 1990).

The Economics of Land Use Decision Makin

The decision over which tropical forest land use option to pursue depends on the relative
returns to the alternative uses. The following simplified example is used to illustrate the
economics of land use decision making. Consider the choice between clearing the land for
agricultural production and sustainably managing the forest for timber production, some of
which enters the international timber trade. If the net returns of sustainable timber

production (i. e. revenues minus costs, RT - CT) exceed the net returns from converting the
forest for agricultural production (i. e. R, - C, ) then it will be in the direct economic
interest of the individual, or society, to sustainably manage the land for timber production.
The decision to convert/sustain tropical forests over time (t) depends on the present value
(i. e. discounted value, where 'r' denotes the discount rate) of the stream of profits derived
from the alternative options:
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.>:(^,, - c, ,)_ ' ^(^=-^A1
(I + r), (I + r), in

Equation t11 shows that so long as sustainable forest management for timber production
leads to economic rent greater than that derived from forest clearance for a icultural
production, then there exists an incentive to conserve the forest for timber roduction'

By increasing the potential value of timber production through the export of timber
products this will increase the overall net returns to tropical forest mana Ginent thus
making it more attractive compared to converting forest land to agriculture. Moreover if
timber production for export is done on a sustainable basis then sustainable mana Ginent
of tropical forests has the chance of being an economicalIy attractive alternative to
competing forest land uses over the medium to long tenn.

The above example is extremely simplified and does not the reflect the full coin 16xities
of decision making in practice (such as a range of alternative land use options, other
political objectives, conflicts between individual and society decisions valuation of costs
and benefits, etc) . However, it does illustrate an extremely important point - that in
order for sustain@ble timber management to be a viable forest land use option, it must
yield net returns to developing countries that ore greater than those derived from
competing uses. ' The main Report demonstrates that trade related incentives are an
important means of ensuring appropriate returns to sustainable timber management of
,ropical forests. 7

Environmental Impacts of Tropical Timber Production

Although it is possible to manage the extraction of timber from tropical forests on a
sustainable basis with minimum environmental damage this practice does not a ear to be
widespread. in a comprehensive survey of management practices throughouttropical
forest countries, Poore at a!. (1989) indicated that less than I inn ha, out of an estimated
total area of 828 inn hectares (ha) of productive tropical forest remaining in 1985, was
demonstrably under sustained-yield management for timber production. This does not
necessarily mean that 99% of productive forests are being degraded in the tropics through
timber extraction, butts more an indication of the lack of sustainable forest mana Ginent
occurring in the tropics. It is the environmental problems related to the unsustainable and
poorly managed extraction of timber that are of concern. These may occur:

3.

Economic rent is the net return to a unit of land. This value is the residual or surplus remainin after
the costs of all other factors of production are netted out.

' Vincent (1990) in his article 'Don't Boycott Tropical Timber' emphasizes that the forest must be used if
it is to be saved. He notes "in the tropics as elsewhere forests must out compete other land uses to remain
wooded. A boycott would reduce demand and depress forest product prices. This would reduce net returns
for forestry investments and make sustained timber management, a prerequisite for stabilization of forest
areas in the tropics, less feasible. "

A study is being undertaken by Caroline Sargent and 11ED for InO on incentives for sustainable
forest management in Ghana, which should provide more information on these links.
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. directly through the removal of trees and other damage incurred to surrounding
forest during timber extraction; and

indirectly through opening up and improving access to the forests which then
impacts on other socio-economic factors which may degrade the environment.

Direct Environmental jin acts of Tro ical Timber Production

Although the international trade in tropical timber products is well documented by the
FAO it is difficult to extrapolate from such data to the direct impact of the international
trade on the tropical forests for a number of reasons, including:

uncertainty over the magnitude of forest degradation, conversion and regeneration
in many tropical countries

little information on the impact of forest management regimes and their
implementation on tropical forests

substantial methodological problems in assessing the wider environmental
implications of timber extraction practices

difficulty in determining the amount of timber extracted for domestic use as
opposed to that entering international markets

111 addition to depleting the resource, timber extraction can incur arter"@I environmental
costs by degrading other tropical forest resources and functions which are of value to
individuals other than timber operators. These 'external' effects may include the loss of
other consumptive uses (e. g. harvesting and hunting other forest resources and recreational
uses), of ecological functions (e. g. watershed protection, carbon storage and microclimatic
role) and of other non-consumptive values (e. g ecotourism, genetic resource and existence
values) of the forest. Much of the criticism of tropical deforestation stems from scientist's
claims that closed tropical forests are estimated to hold between 50-90% of the worlds
biodiversity (Reid and Miller 1989). Evidence of the importance of the sustainable uses
of this biodiversity for subsistence forest products pharmaceutical and crop breeding
research, ecotourism and as a key component in global warming, local watershed
protection, microclimatic functioning and other environmental functions means that timber
extraction often imposes significant external costs in the tropics.

The extent of these external environment impacts from timber extraction depends largely
on the type, and success, of forest management practices. Poore at a1. (1989) notes that
successful forest management depends on certain conditions being met, including the
long-term security of operation, operational control, a suitable financial environment and
adequate information. Although there are a few cases of successful sustained-yield
management of forests for timber - for example in some regions in India, Malaysia and
the Philippines (FAO 1989) - these tend to be the exception. Poorly designed and
implemented management regimes for selective logging of natural forests are likely to
have serious implications for the environment.

.

.

.

.
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For example, on average only about 5 to 35 cubic meters (in') of merchantable wood are
extracted per hectare of tropical closed broadleaved forests (FAOAJNEP 1981). However,
these small commercial volumes relative to total standing timber can lead to
disproportionate damage to the forest due to careless use of equipment and inefficient
logging practices. Sometimes at least half of the remaining stock including immature
trees of potential commercial value and harvestable stocks of less desirable varieties are
damaged beyond recovery (Repett0 1990). Clear cutting the forest for the timber is likely
to have even more significant environmental effects. However measuring the wider
environmental impacts and costs of forest management practices is complicated and few
empirical studies have been undertaken.

The directimpact of timber production on the environment may be offsetto some extent
by investments in re@fforest@tio". However, even if investments to offsettropical
deforestation are charmelled into plantation forests then only part of the full environmental
costs of timber extraction may be compensated. That is investments in plantations may
counteractthe decline in stocks of timber but may not always compensate for the wider
environmental costs of natural forest degradation. Even if the compensatory investment is
in management of a natural forest area, some of the environmental benefits of the
degraded natural forest may still have been lost irreversibly such as biodiversity or non-
timber forest products.

indirect Environmental fin acts of Timber Production

in addition to the direct impacts of timber extraction on the environment tro icaltimber
production can influence environmental degradation indirectly. This indirectimpact may
occur through the opening up and improvement of access to the forests, which may then
interact with other SOCioeconomic factors encouraging activities that degr'ade the
environment. However, due to the intricateIy intercomiected relationship of the various
causes of deforestation, it is extremely difficult to identify how much of the tropical
deforestation process is due to timber production.

1/1 many developing countries where there are still areas of previously unexploited forest
and there exist no formal property rights for this land, timber production may encourage
open access exploitation at the forest frontier and rapid forest conversion. Timber
extraction usually involves extensive road building which benefits other activities such as
agriculture and hunting, by improving access to the forest and reducing costs of
transporting produce to market. in Northern Brazilian Amazon the total road network
(paved and unpaved) increased from 6,357 to 28,431 kilometers 0,111) over the 1975-88
period. Although the road expansion program cannot be specifically attributed to timber
extraction in this case, a simple correlation between road density and the rate of
deforestation demonstrates that as road density increases the rate of deforestation
increases in larger proportions (Reis and Marguilis 1991).

Timber extraction is often the first step towards opening up the tropical forest and clearing
the land for agricultural production. Whatis more in many developing countries
property law establishes deforestation as a prerequisite of fonnal claim over the land for
those settling in forested areas (Mahar 1989, Pearce, Barbier and Markandya 1990). Table
I suggests around half of the area logged in African countries is subsequently deforested
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whilst there is little, if any, deforestation of previously unlogged forest land. The
environmental impact of forest conversion to agriculture has grown as logging has
progressiveIy opened up more remote, hilly and ecologicalIy vulnerable areas.

A study by Amelung and Dieh1 (1992) looked at the causes of tropical forest clear@"ce,
degradation grid inodinc@tio" (Table 2).' This study clearly shows that the use of
different definitions of 'tropical forest change' can lead to very different conclusions about
the causes of deforestation. The more sensitive the definition to forest change the more
likely the effect of the forestry sector is to be biglilighted. For example, using the strict
FAO definition of deforestation it appears that the agricultural sector accounted for the
largest share (over 80%) of total deforestation in alitropical forest countries during the
1980's, and the direct impact of forestry activities on deforestation is minimal (i. e. 2% of
total deforestation). However, when the alternative, more sensitive, measures of forest
degradation and forest modification are used the role of the forestry sector becomes much
more significant. For example, in hidonesia the forestry sector accounts for over 40% to
total biomass reduction q''0rest degradation) and for all major tropical countries it accounts
for 10%. The forestry sector is responsible for the vast majority of/brest modification
(71% across all major tropical countries) by converting previously unexploited forests into
productive closed forests or other forms of land use. This analysis also indicates a process
of deforestation, whereby timber extraction is largely responsible for the first stages of
opening up previously unexploited forest, which then enables other economic uses of the
forest resources, such as agricultural cultivation, which lead to further forest degradation
and then deforestation.

4. Statistical analysis of the Links between the Timber Trade and Tropical
Deforestation

A number of studies have attempted to assess the relative importance of various economic
activities, including timber extraction, in causing tropical dc:forestation. However, most of
the work is extremely tentative and constrained to qualitative analysis because of the
problems outlined in previous Sections. For example, Binswanger (1989) and Mahar
(1989) highlight the role of subsidies and tax breaks, particularly for cattle ranching, in
encouraging land clearing in the Brazilian Amazon. More recent analysis by Schneider at
o1. (1990) and Reis and Marguilis (1991) emphasize the role of agricultural rents,
population pressures and road building in encouraging small-scale frontier settlement in
this region. The study by Schneider at o1. (1990) also identifies the importance of logging
- log production from the Amazon region increased from 4.5 inn in' in 1975 to over 24.5
inn in' in 1987 - in forest exploitation, primarily through opening access to previously
inaccessible lands. Commercial timber extraction has been encouraged by both a range of
public policies, increasing domestic demand and a strong international demand for tropical
hardwoods.

' The FAO employs a classification of deforestation 10 be a change of land use or a depletion of crown
cover to less than 10%. Changes within the closed forest classification are termed forest degradation (or
biomass reduction). However, there does not appear to be any clear distinction made between forest
degradation and biomass reduction, allhouglithe two are not strictly synonymous.
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Although the qualitative case studies provide interesting and useful insights into causes of
deforestation, they do not provide a satisfactory basis for making comprehensive
conclusions about the linkage between a broad range of factors (such as agricultural
production, timber production, fuelwood collection population pressure income owth
etc) and tropical deforestation. in addition, a large proportion of the studies look at the
factors contributing to deforestation in a specific country rather than across alitro ical
countries. While country case studies are generally more focussed and able to tackle the
complex, and often site-specific, process of deforestation in more detail they are not in
themselves sufficient to draw conclusions about the causes of tropical deforestation on a
regional level. Given that current-policy debates about intervention in the tropical timber
trade are being held at an international level it is also necessary to look at the a e ate
'tropics wide' situation. The rest of this section briefly reviews some existin relevant
studies that attempt to statisticalIy examine the linkages between tropical deforestation and
provides a more comprehensive understanding between these linkages.

Review of Existin Studies

There are a number of important'caveats'that need to be born in mind when reviewin
the statistical studies of the factors thought to contribute to deforestation. Firstly, anthe
analyses suffer from the usual problem of reliability and accuracy of data. More
importantly for the focus of this study, data limitations prevent the ability to distinguish
between production forests and conversion forests across the tropics. This may lead to
misleading indications about the relationship between log production and changes in forest
area. That is, if log production is mainly from conversion forests then timber extracted is
essentially a precursor or by-product of agricultural conversion which is the principle
factor in the resulting deforestation. The analyses are also unable to reflect the production
management regime and the success of its implementation due to the lack of any suitable
and consistent set of, indicators. This was noted above as the underlying cause of forest
degradation rather then the actual harvesting of timber. in addition due to the level of
aggregation required to undertake such regional level studies the analyses are not sensitive
to the different types of forests and different patterns of wood use. Finally the studies
that are selected for review, while relevant to understanding the relationship between
timber production and tropical deforestation, were not designed to explicitly explore this
relationship.

Allen and Bames (1985) undertook a comprehensive cross-sectional analysis of the causes
of deforestation in 39 developing countries in Africa Latin America and Asia between
1968-78. ' Two regression models are used to analyze the relationship between
deforestation (i. e. a negative change in the forest area between 1968-78 based on FAO
data) and socio-economic development, land use and wood use. The indicators for SOCio-
economic development include gross national product (GNP) per capita and population
density.

' This analysis includes tropical and temperate countries whose gross national product (GNP) per capita
is less than Us$3,000 and forest area is greater than 5% of totalland area. The authors undertake an analysis
of two samples: I) all countries; and 2) Africa and Asia because the rates of deforestation have been much
lower in Latin America. However, just the results of sample I) all countries are presented here.
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The potential impact of economic development (usually indicated by GNP per capita) on
forest clearance is complex. On the one hand, improvements in development is associated
with increasing concentration of the population in urban centers, industrialization and a
reduced reliance on the natural resource base - thus reducing pressure on tropical forests.
On the other hand, increasing development may be achieved by high, and unsustainable,
rates of extraction and harvesting of natural resources (such as timber, agricultural crops,
livestock and mining) for domestic consumption and international trade. Lithe latter
situation, increasing GNP per capita through unsustainable extraction puts greater strain on
the tropical forest.

In the Allen and Barnes (1985) model, GNP per capita is expected to impact positively on
the change in forest area while population pressure is anticipated to lead to a negative
impact on forest area. The land use variables include arable land and land under
permanent crops and are expected to lead to a negative impact on forest area. A measure
of wood use is constructed from the sum of wood fuel consumption and wood exports and
is expected to be negatively linked to forest area. The 'wood use' variable reflects the
demand for fuelwood as well as wood exports and it is not possible to identify what is the
effect of these factors individually. The authors explain the use of this composite
variable due to the sum of the two factors being more closely related to deforestation than
either wood fuel production and wood exports alone. However it is clear from the data
provided in the study that the level of wood fuel production outsveiglis the level of wood
exports (both in in' per 1,000 persons). Therefore, it is difficult to draw any firm
condusions from this study that are directly relevant to the links between the timber
production for the trade and deforestation.

The first equation is a short-run modelthat estimates an onmun! clt@,, ge in forest @re@ as a
function of population growth, change in arable land, GNP per capita growth and change
in wood production. The results of the model(Table 3a) show how a change in forest
area over the 1968-78 period is related to a change in the independent variables over the
same period. As anticipated, population growth has a significant and negative relationship
with forest area. However, although the coefficient for change in arable land is negative,
it is not significant. Further analysis of simple correlations between the changes in forest
area and arable land indicate that this relationship is stronger than the multivariate
coefficients, probably because the forest are being replaced by agricultural land. The
authors assert that controlling for population suppresses the negative relationship between
cropland and change in forest area in this model and that this relationship does in fact
hold true. However, the anticipated relationship between forest area GNP per capita and
wood production per capita is not supported by this model. This may be due to the slow
movement of these variables over the given time frame and a lagged impact on forest
area, or simply reflect that fact that these factors do not have significant links with the
change in forest area.

The second long-run model provides an analysis of the impact of the 1968 levels of forest
area, wood production, per capita GNP, population density, and area under permanent
crops on the change in the forest area between 1968-78 (Table 3b). This model supports
the hypothesis that change in forest area over the ten year period is negatively related to
wood use. That is, forest loss, or deforestation, increases with increasing wood use. The
log of percent of forest area (reflecting the extent of the forest resource base) is

.^
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statisticalIy significant and positively related with deforestation. This results shows that
those countries with a less than average forest resource base are more likel to lose forest
area during the following decade. However neither GNP per capita nor o ulation
density are statisticalIy significant in this model.

All extensive cross-sectional statistical test of various factors influencin deforestation in
72 tropical countries" was carried out by Palo, Mery and Salmi(1987). Taking total
forest coverage" in 1980 as the dependent deforestation variable the tested the
correlation between this and 33 independent variables which were divided into 5 sub-
groups. The groups comprised:

natural factors - soil, climate and accessibility.

traditional factors - shifting cultivation, grazing and fuelwood gathering.

economic development factors - penmanent agriculture, industrial logging forest
management and economic development;

political factors - land tenure, forest and other administration market mechanisms.
and,

population factors - population pressure.

The most interesting relationships that were defined using an iterative process utilizin
correlation matrices were then used to specify a basic model. There is little if any
theoretical reasoning behind the construction of the model other than the fact that the
independent variables were found to be statisticalIy significant through simple correlation
tests. Due to strong multicollinearity in the basic model (Table 4) a number of variations
of the model were tested. Both agricultural area coverage and food production er co ita
were significantly and negatively related to forest coverage suggesting that increasing
demands for food had mainly been met by expanding land under agriculture production at
the expense of forest area. The statistical analysis also identified a strong negative
correlation between total forest coverage and total population density in tropical countries
excluding 8 and African countries. In this model the linkages between forest covera e
and forest products exports per forest area and relative industrial roundwood production
were not statisticalIy significant.

Capistran0 (1990) and Capistrano and Kiker (1990) examine the influence of international
and domestic macro-economic factors on the depletion of tropical forests. Drawing on
data from 45 tropical developing countries during the period from 1967 to 1985 the
impacts of export prices, income, international debt as well as population arable land
availability and food self-sufficiency on forest depletion are evaluated. The dependent
variable used to represent deforestation is the extent of disturbance from industrial

.

'' Indudes moist, semi-moist and and African countries.

Forest coverage is defined here to be the ratio of forest area 10 total land area and is used as a
negative proxy for deforestation.
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logging. The use of this variable is justified by the authors on the grounds that there is a
close correlation between average area of closed broadleaved forest and industrialIy logged
forest from 1976-80. However, it is questionable as to whether this assumption is
appropriate. For example, although on aggregate the indicator may be correlated, there are
many countries where industrial logging is not significant in the deforestation process. in
other cases, the link between deforestation and industrial logging may have decoupled
after 1980, or where plantation forests replaced the traditional supply of tropical timber.
Other problems may arise, as noted by the authors, where there is under-reporting of
wood removed from public forests. Given these reservations, the study can be considered
more as an analysis of the relationship between various factors and the changes in the
tropical timber production forests, rather than tropical deforestation per se.

The regression analysis was run over 4 periods: 1967-71; 1972-75; 1976-80; and 1981-
85, using three different model specifications. The model was not run over the entire
1967-85 period as a whole. The impact of the explanatory variables on deforestation
were expressed as elasticities - i. e. measuring the percentage change in forest depletion
for every percentage change in the explanatory variable. The significance of the
explanatory variables varied substantially in the four periods of the model, and only the
significant variables are included in the final versions of the models presented in Table 5.
This variation reflects the structural change that was occurring in tropical forest countries
over the time period of the analysis.

Lithe first period (1967-71) the only explanatory variable that was significant was the
export value of tropical wood, but this variable alone explained more than 85% of the
variation in the area of productive forest logged during this period. Therefore, it can be
asserted that tropical deforestation was strongly linked to timber export prices between
1967-71. However, the export value of tropical wood is not significant in any subsequent
periods.

Lithe second and third period (1972-75, 1976-80) the cereal self-sufficiency ratio w^s
estimated to be statisticalIy significantly related to deforestation. A I% increase in this
ratio led to a 4.5% to 5.5% increase in forest depletion. However, this explanatory
variable ceased to be significant in the fourth period, perhaps because the policy objective
of food self-sufficiency was generally given less attention. Population pressure (given by
total population) was only statisticalIy significant in the second period (1972-75) at above
the 90% confidence level. In this period it had a positive impact on forest depletion. in
the third and forth period (1976-80, 1981-85), real ^xchang^ rots deral"ado"s had ^
strong, positive statistical relationship with deforestation when a I% devaluation of the
domestic currency was associated with a 3-4%, and I-2% increase in deforestation
respectively. In the final period (1981-85) the expansion of arable lands had the strongest
influence on forest depletion, although the data on arable land expansion does not indicate
whether this expansion was for subsistence or export crops.

Southgate, Sierra and Brown (1989) examine the causes of agricultural colonization and
deforestation in eastern Ecuador in the early 1980's. They use statistical analysis to study
the relationship among land clearing, rural population pressure, local demand for
agricultural commodities, infrastructure development and tenure insecurity across broad
stretches of the agricultural frontier. Although the analysis does not explicitly examine the
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role of timber production, the relationship between road buildin and forest conversio
included. This is relevant to understanding the indirectim act of timber roducti
forest clearance through opening up forest lands.

The analysis involves a two stage approach. First, for each of the twenty cantons in
Ecuador, the influences on agricultural rents (excessive economic profits) are regressed
against the area's agricultural labor force (which is taken as animdication of rural
population pressure). The agricultural rents are thoughtto be affected by:

the scale of the urban population - which influences the local demand for
agricultural commodities;

the quality of the soil - which may constrain agricultural productivit . and

the extent of the road network - which opens up the forest for conversion to
frontier agriculture colonization and the affects the accessibility of the urban
market for transporting agricultural commodities.

The second stage involves relating the extent of land clearing (deforestation) to
demographic pressure (the dependent variable from Stage I) and an index of relative
tenure security. The problem of tenure security arises from excessive bureaucratic
reqi!irements claims for fomial property Tights take a long time to adjudicate, are costly
and complex to undertake.

The regression results generally support the economic theory underlying the statistical
analysis (Table 6). That is, the incentive to capture agricultural rents is the main driving
force behind forest conversion, and is further induced by tenure irisecurit . The stud
emphasizes the role of population pressure in encouraging deforestation directly througli
an increasing rural labor force and indirectly througlirising urban food demand, but also
identifies the implications of misguided govennnent policies over land tenure
arrangements.

A more recent paper by Southgate (1991) draws on data from 24 Latin Airiericon countries
to explain the causes of agricultural frontier expansion and thus forest clearance. Growth
in agricultural yields from non-land inputs is expected to alleviate the pressure on frontier
expansion. Population growth is expected to lead to further forest clearance and ex ansion
of land under agriculture, although the primary relationship between population growth
and frontier expansion is indirect, i. e. increasing numbers of urban consumers raises the
demand for agricultural commodities and the ensuing demand for agricultural land. A
further factor expected to increase the demand for agricultural land is the ex ansion of
agricultural exports. The specific relevance of the Southgate (1991) study for this report
is through the role of the land constraint variable (reflecting the physical constraints of
the land). Where there is little appropriate land available for conversion then the growth
in arable land, and thereby forest clearance, is significantly reduced. However this
variable is indicative of the potential role of domestic land use management re 'mes
(including planning, monitoring and enforcement) where is government polices that
constrain land use. The results of this econometric analysis are presented in Table 7 and
provide strong statistical support to the basic hypotheses espoused by Southgate (1991).

.

.
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The tentative conclusion that can be drawn from the statistical analyses reviewed above is
that there are no clear links identified by the existing literature between timber production
for the international trade and tropical deforestation. Although this may seem to be a
rather unftilfilling result, it is nevertheless extremely important to show that the
quantitative research conducted to date does not provide any solid ground for making
sweeping statements about the links between timber production for the international trade
and tropical deforestation. However, as noted at the beginning of Section 4 there are
many caveats that need to be taken into account and that none of these studies were
explicitly designed to explore the relationship between the timber trade and tropical
deforestation.

anal sis of the Links between the Timber Trade and Tro ical Deforestation

Building on the lessons learned in previous quantitative studies, and the insights provided
by the numerous qualitative studies, a regression analysis to examine the role of timber
production to tropical forest clearance has been developed for this study. The research is
based upon an analysis of 53 tropical countries and looks at the relationship between a
range of variables (i. e. timber production, agricultural yield, population density, income
growth and tropical forest stock) and forest clearance. "

The dependent variable to represent forest clearance during this period is given by the
logarithm of the forest area in 1985 minus the logarithm of the forest area 1980. The data
on forest area (in 000 ha) is based on the most up to date FAO statistics (Schmidt 1988)
for 1980-85 (pending the results of the FAO 1990 Forest/Issessme"t). The data used to
capture the effect of industrial roundwood production is taken from FAO Ye@rbook of
Forest Prodz, cts (FAO 1992). Two variables were tested in the model:industrial non-
coniferous roundwood production per capita in 1980 (in'/total population), and industrial
non-coniferous roundwood production per total land area in 1980 (in'/000 ha). Timber
production is expected to have a negative impact on the state of the tropical forest,
directly through unsustainable extraction of timber and indirectly through opening up the
forest by the construction of logging roads. Therefore, the higher the level of timber
production the higher the level of deforestation. As noted in Section 2 of the main
Report, only a small proportion of total industrial timber production actually enters the
international trade. Therefore, any attempt to infer a relationship between the international
tropical timber trade and tropical deforestation based on this variable needs to be
undertaken with great caution. However, the industrial non-coniferous roundwood
variable is a useful instrument to enable analysis of the impacts of domestic and trade
policies on roundwood production and its implication for tropical deforestation.

The variable used to capture the effect of economic development on tropical forests is real
gross national product per capita in 1980 (in Us$) taken from World Bank Tables (1992).
It is anticipated that across the tropics as a whole, economic development relieves the
pressure on tropical forests. Therefore, the higher the income per capita, the lower the
loss of tropical forests. Population pressure, given by population density in 1980 (total

'' Tropical counties are taken to be those countries with the majority of their land mass lying between
the tropics. This definition does not distinguish between moist and dry forests that lie between the tropics.
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populatioultotal land ar^a (ha), World Bank Tanles (1992)) is orp^ored to be directl
associated with higher levels of tropical forest clearance, 111 order to co ture the eff t f
changes in agricultural productivity on forest clearance an indicator of a i It I ' to
was included, given by cereal production per unit of cereal production area in 1980 (1000
intrlOOO ha) (FAO P, od"ctio" Ye@, book 1992). Higher agricultural ields are ex t d
offsetthe need to clear forests for agricultural production and thus have 't'
on the state of tropical forests.

The status of the forest resource base in the initial period (1980) is given b the 10 arithin
of the percent of forest area over total area (forest area in 000 ha(*100)/total area (000
ha)) (Schmidt 1988). This ^arithl^ is incl"ded to show that the lorel of existin fo t
stocks mayaffectrateofforestclearanceinthefuture. 011theonehand Id
expect that in those countries where the proportion of land under forests is low th
average then the level of forest clearance will be higher than average - mainly due to the
size of the initialstock. On the other hand one may expectthe value oft If
resources to increase as the forest becomes more scarce and thus encoura e
conservative use of the forest. However, this 'scarcity' effectis unlikel to be ff' ' I
large, or to be taken into account in time to have a positive feedback on f t
conservation. Finally, becausedeforestationrateshavebeenlowerinLati fun d
exports of timber products are generally less significant for this re ion a dumm v ' bl
for Latin America is included in the model"

The results of the model(presented in Table 8) are fairly robust given the coin 16xit of
the problem being analyzed, the aggregate level of the analysis the cross-s ct' I
of themodelandthedataunreliability especially the forest data. The od I h
hypothesisthatindustrialroundwoodproductionandpopulation ressure 't' I
associated with forest clearanceinthetropicsforthe1980-85 eriod i. e. c I I
of industrial roundwood production per capita (or increasing population density) leads to
higher rates of forest loss. " That is, a I% increase in roundwood production (in' of
industrial non-coniferous roundwood produced per capita in 1980) is anticipated to
increase the level of forest area cleared by 0,019%. Similarl a I% increase '
population density would increase forest clearance by 0.02%"

'' Nthougliihere are numerous other factors that may contribute to deforestation, such as a It I
production, fuelwood harvesting, livestockproduciion roadbu"din or ovemmente d'I
they are notincluded in this model. This is to retain the focus of the model on limb d
keep the modelrelatively simple and transparent. In addition the first three factors ina b ' k d
some extent by the GNP per capita and population density variables. The latter two facto s ' ed d
to data constraints.

The modelwas also run using the variable industrial non-coniferOUSToundwood d
area in 1980. The coefficient on this alternative explanatory variable was also negative (-0,000167) d
therewaslillle changeto the estimated coefficientsoftiie other independentvariables. H Ih
explanatory power of this alternative variable was slightly less sigiificant (I statistic -1.68) and the
robustness of the modelin general was reduced through the inclusion of this variable.

The elasticiiiesgivenat the bottom of Table6. Iindicatethe ercenta echa f
for every I% change in an explanatory variable (holding all other factors constant),
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Economic development is seen to have a negative and significant relationship with forest
clearance, i. e. improvements in economic welfare reduces forest clearance. The model
also supports the hypothesis that improvements in agricultural yields can also promote
more conservative rates of forest clearance - a I% increase in cereal production (1,000
int) per unit of cereal production area (1,000 ha) would lead to a decrease in forest
clearance by 0.03%. The positive and significant coefficient for the log of percent of
forest area indicates that countries with a lower average forest resource bases in 1980 are
more likely to lose forest area during the next five years' This suggests that many
countries with relatively small forest areas to total land area are running their remaining
forest stocks down at a bigli rate.

It may be argued that because the causes of deforestation are location specific and
extremely complicated, a cross-national study over-simplifies reality and cannot provide
any useful irisiglits useful. However, simply discarding attempts to statisticalIy analyze
these links due to their complexity undermines the potential to use econometric analysis to
contribute to policy debate. This analysis suggests that biglier levels of industrial
roundwood production is related to higher levels of forest clearance in the tropics.
However, the use of trade interventions to encourage improved tropical forest management
is likely to be a blunttool due to the limited role of the timber trade in overalltimber
production and consumption in the tropics.

5. ConclusionsandFolicylmplications

This paper has discussed the linkages between the tropical timber trade and sustainable
forest management. It is extremely difficult to identify and analyze the linkages for a
number of reasons, in particular due to the complexity of the linkages, the lack of data on
the status of forest resources, infonnation on the returns to forest land under alternative
uses and the difficulty of isolating the impacts on the forest of timber harvested for the
trade from total timber production. However, there are several important policy
implications that can be drawn from this paper:

Current rates of tropical deforestation are excessive and tropical deforestation is
considered to be an economic problem.

111 order for sustainable timber management to be a viable forest land use option it
must yield net returns to developing countries that are greater than those derived
from competing uses, such as conversion for frontier agriculture. Trade related
incentives are an important means of ensuring appropriate returns to sustainable
timber management of tropical forests and making it an economicalIy attractive
land use option.

Althougliit is possible to manage the extraction of timber from tropical forests on
a sustainable basis with minimum environmental damage this practice does not
appear to be widespread. Timber production can degrade tropical forests directly
througli unsustainable forest management practices and indirectly through opening
up the forests.

.

.
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A review of the literature revealed that there is no strong statistical basis for
making statements about the relationship between timber production for the trade
and tropical deforestation, although a study undertaken for this Report does confinn
a positive linkage between timber production and tropical forest clearance. As
noted in Section 2 however, only a small proportion of the total volume of
industrial roundwood produced is traded internationally. Therefore the use of
trade interventions to encourage improved forest management through reducing the
volume of timber production is likely to be ineffective due to the limited role of
the trade in overalltimber production.

This paper has highlighted a dichotomy in the linkage between timber production for the
trade and tropical deforestation. On the one hand the timber trade can lead to greater net
returns for forestry investments and make sustained timber management a per uisite for
stabilization of forest areas in the tropics, more feasible in the long run. 011the other
hand, it appears that poorly managed and excessive timber extraction is leading to direct
and indirect forest degradation in the short run. Section 6 of the main Report will look in
more detail at the domestic market and policy failures that are undennining the incentives
for trade to contribute to sustainable forest management.

.
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Table I

Country

Timber Harvesting and Deforestation in African rTrO Producer
Countries, 1981-85 (000 ha)

Area logged at

Cameroon

Congo
Cote d'Ivorie
Gabon

Ghana

Liberia
TOTAL

Notes:

272.0

57.0

330.0

150.0

N. A.

104.0

> 913

Area Logged
Deforestedb/

Source:

at total average area selectively logged per amium
b/ estimated area of at subsequently logged
c/ unlogged area deforested per armum
d/ unknown but small

75.0

20.0

290.0

15.0

22.0

44.0

466.5

E. B. Barbi^r at at. (1992)

Unlogged Area
Deforested c/

3.0

15

or
or
NA.

or
> 4.5



Table 2a. Sources of Deforestation in Tropical Countries 1981-1988 at

Forestry

Agriculture
shifting cultivators of

penmanent agriculture:
-pastures
-perlnenent crops
-arable land

Milling including related industries

Hydroelectricity production

Residual 81

Brazil

2 d/

Notes: at Percentage shares in deforestation refer to averages for the respective period.
b/ Data refer to the 1980-1990period.
of Figures in parentheses show the results of the FAO for 1980. These data include also rimrket oriented farmers who roduce cash
and export crops and engage only partly in shifting cultivation.
d/ Deforestation due to logging is due to charcoal production.
of The figure in parentheses refers to the estimation of ER (1990). The calculation includes only Indonesia and Brazil since these
countries account for the largest share in clear cutting by the forestry sector.
fl Thi, percentage rate is based on the assumption that the percentage share calculated for shifting cultivators can be taken as a
average for the 1981-1988 period.
81 This includes other industries, housing, infrastructure services and fire loss.
h/ The residual has been calculated from the data in this column which includes data from different eriods.

Source: umelung (1991)

89

13

(23)

Indonesia b/

76

40

4

32

9

<3

80

59

(67)

4 b/

Cameroon

2

21

o

2

19

All Major
Tropical Countries

o

Table 2b. Sectorsl Share in Forest Degradation and Forest Modification 1981-85 at

Percentage Share in Biolnnss Reduction pegradaiion) Percentage Share in Forest Modification

Brazil Indonesia

<03

100

92

(95)

o

Sector

11

Forestry 6

Agricultured/ 85
Others d/ 9

8

o

5

3

2

(10)e/

(83) f/
na

(47)

Note, : at For the definition of modification and biolness reduction (degmdation) see FAO (1982)
b/ Total refers to all major rain forest countries.
of Following FAO statistics, deforestation in virgin forests is O since clearing by agriculture and other sectors coneentrat
disturbed forests. Even though some clearing occurs in virgin forests there is reason to assume that the bulk of deforestatio '
due to forests that have been logged over prior 10 the clearing of the respective areas.
d/ These figures havebeen derived from Table 3.5 and reflect averages for the 1981-1988period or in the case of Indo tin
1980-1990period.

Source: Amelung (1991)

o

o

36

17

3

16

o

44

49

7

Cameroon

na

10

90

o

2 b/

Total b/

(13) h/

10

76

13

Binzil

(100) of
o

o

Indonesia

(100) of
o

o

Cameroon

98

2

o

Total b/

71

26

4



Table 3 The Causes of Deforestation in Developin Countries 1968-78

A. Modell

Independent variables

constant

Dependent Variable: Annual Forest Area Chan e 1968-78

XI, annual population growth rate 1970-78

X2, amual cultivated land change 1968-78

X3, amual per capita GNP glowth rate 1960-78

X4, aimual change in per capita wood fuels production and
roundwood exports 1968-78

F statistic:

Number of countries:
R2:

B. Model2 Dependent Variable: Total Forest Area Change 1968-78

Independent variables

Estimated Coefficient
(t values)

constant

XI, log percent of forest area, 1968

X2, population density, 1968

X3, per capita GNP, 1968

X4, per capita wood fuels production and exports 1968
roundwood exports 1968-78

X5, percent of land area under plantation crops 1968
roundwood exports 1968-78

1,091

39

0,113

0,0042

-0,005

(1,477)
-0,140

co. 734)
0.0009

co. 699)
-0,007

0,141)

F statistic:

Number of countries:
R2:

Source: Allen and Bames (1985)

Estimated Coefficient
(t values)

3,614
39

0,353

-0,144

0,045

(1,337)
0,0013

co. 529)
0,0001

(0,932)
-0,0001

(2.204)
-0,016

(2,791)



Table 4 Deforestation in the Tropics

Dependent variable Forest coverage in year t orcj

Independent variables

constant

FF, , share of forest fallow

ER, livestock production index

FW , relative fuelwood production

AG, , agricultural area coverage

FF, , food production per capita

I^V, , relat. indust. roundwood production

Ex, , forest products exports per forest area

GN, , GNP perland area

FD, , population density

PGI, population growth

Estimated Coefficient

(t values)

Adjusted R2^ 0.85

30.76F statistic:

Number of observations: 60.00

Ctiticalt-values at I% = 2.66, at 0.1% = 3.46

92.62

(11.79)
-0.10

(-4.07)
0.09

(1.84)
-0.04

Go. 36)
-0.53

(-6.87)
-0.14

(-2.93)
-1.61

(-0.47)
0.10

co. 10)
1.16

co. 34)
-0.12

(-4.46)
-0.63

(-0.26)

Source: Palo, Mery and Salmi(1987)



Table 5 Elasticity Of Forest DepletionWith Respectto Significant Variables

Dependent Variable

Explanatory Variables

Period I (1967-71)
Log Export Value index

Period 2 (1972-75)
Per Capita income
Agricultural Export Price index
Debt Service Ratio

Cereal Self-sufficiency Ratio
Population

Period 3 (1976-80)
Per Capita income
Real Devaluation Rate

Cereal Self-sufficiency Ratio

Period 4 (1981-85)
Real Devaluation Rate

Arable Land Per Agric. Capita

Forest Depletion (industrial roundwood removal from
broadleaved forest divided by volume actually
commercialized from undisturbed closed broadleaved
forest).

Model I

1.45**

Model2

2.18**

0.86

-1.15

5.12**

0.26

* Significantat0.0516vei
~ Significantat0.0116vel
Others significant at 0.10 level

'. 49**

Model 3

2.18**

1.11

-1.15*

4.84**

0.26

Source: Capistrano and Kiker (1990)

1.43

4.10**

4.61

1.50**

'''6**

o. 96*

_,. 46*

4.71**

0.26*

1.40*

3.74**

1.61*

4.67**

5.41*

,. 40*

4.03**

1.29

3.16*

4.19*

,. 02*

2.86*



Table 6 Causes of Tropical Deforestation in Ecuador

STAGEl

Dependent Variable

Explanatory Variables

constant

DRBPOP (canton's urban population)

ACPOF (the canton's agricultural labour force)
Estimated Coefficient

(standard deviations)

SOILS (hectares in the canton covered with soils
that do not have major limitations for crop production)

ROADS GEilometers of all-weather roads in the canton)

F = 26.856

STAGE2

Dependent Variable

Explanatory Variables

adjusted R' = 0,803

constant 16,111.728
(23,977,621)

51,073

(6,241)

TENSEC (relative differences in formal tenure security among cantons) 26,989,394
(12,321,915)

adjusted R' = 0,875

AGPOP

469,144

(251,334)

0,263

co. 061)

0.008

co. 002)

3,350

0.527)

DEFOR (extent of land clearing in a canton)
Estimated Coemcients

(standard deviations)

number = 20

F = 36,097

Source: Southgate, Sierra and Brown (1989)

number = 11



Table 7 Agricultural Frontier Expansion in Latin America

Agricultural land growth (annual 1982-87)

Estimated Coefficient
(t statistic)

Dependent Variable

Explanatory Variables

constant

PopGRO (^un"al population growth, 1980-88)

ExpGRO (annual growth agricultural
exports, 1984-88)

YLDGRO (annual increase in crop production
per unit area of crop land, 1982-89)

NOLAND (land constraint dummy set to Ifor
those countries with low potential
agriculture land availability)

Adjusted R' = 0.699 DW = 2,065

Source:

0,463

(2,876)

0,249

(3,773)

0,031

(2,214)

-0,198

(-6.000)

-0,641

(-3,127)

Southgate (1991)

SSR = 3,489 F = 12,098



Table 8 The Linkages between Timber Production and Tropical Deforestation

Dependent Variable

Explanatory Variables

-0,1009

(-4,188)

XI (log of closed forest area as a percentage of total area 1980) 0.01253
(1.609)

-0,0474

(-2,695)

-0,0849

(-2,3029)

0,000195

(1,8098)

0,02301

q, 1298)

-0.06809

(-2.4086)

constant

Five year change in closed forest area Cog forest area 1980
- log forest area 1985)

X2 (population density 1980)

X3 (roundwood production per capita 1980)

X4 (real GNP p^, capita 1980)

X5 (agricultoral yield 1980)

X5 (dummy Latin America)

Estimated Coefficient

(t statistic)

Estimated Elasticities
XI= 0,0125
X2 = -0,0285

X3 = -0,0186

X4 = 0,1870

X5 = 0,0339

X6 = -0,0216

R2
F Statistic:

Number of Observations:

0,268

2,8089

53
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Terms of Reference

For research and anal sis of end use markets for tro ical hardwoods

These Tenris of Reference relate to a sub-contract for consultant services to be provided as
part of the ITFO Activity entitled rite Economic Linkcges Between the Intern@tio"@I Trade
in Tropical Timber cmd the S"st@incble M@"@geme, ,t of Tropical Forests (Activity No.
PCM(IX)/4). Under these Terms of Reference the London Environmental Economics Centre,
hereafter referred to as LEEC, agrees to engage the services of the Forestry Sciences
Laboratory, Pacific Northwest Research Station, Corvallis OR (Dr David Brooks, Principal
investigator), hereafter referred to as the Consultant, in accordance with the following
conditions:

I. The Consultant will research and report on three broad topics related to end-use
markets for tropical hardwood products, as listed in points 2 and 3, below. in each
case, the focus of research by the Consultant will be to review the current state of
knowledge on the particular topic and to identify important gaps in understanding.
Where possible, the Consultant will supplement his review and assessment of
background literature with- analysis of available data.

2. Assess trends in major export markets fortropicaltimberproducts. What factors in
export markets are key determinants of the demand fortropicaltimberproducts? How
does (or will) consumption of tropical timber products respond to changes in prices,
both own price and prices of competing products? What is the degree of and trend
in substitution between tropical timber products and temperate timber or non-timber
products in intermediate or end-use markets?

3. Assess trends in domestic timber markets in tropical producer countries and in other
developing economies. Whatis known aboutthe future growth in domestic demand
for tropical timber in these countries? What information is available on the growth
of timber processing industries and the export of finished wood products?

4. The whole contract period covering the tasks described above is from 15 July to 30
September 1992. During this period the Consultant will submit a detailed outline of
a report to LEEC, not later than I August 1992. The Consultant will submit a final
report to LEEC notlater than 30 September 1992.



Market Conditions for Tropical Timber Products

David I. Brooks

introduction

Trade in tropical timber and its relation to management of tropical forests must be understood
intrie context of markets for allforestproducts and of course specific markets for industrial
products from tropical forests. In this regard at least three issues r uire articular
attention. First, how have patterns of trade in tropical timber changed as a result of chari es
in the type and level of forest products consumption in major markets? Condition in ina'or
markets - Asia, Europe and North America - must be reviewed to assess attoms of
consumption and the role of tropical timber products in relation to total forest roducts
consumption and production. Of particular importance are an understanding of end uses of
tropical timber, key determinants of demand and trends in pattern use. The roles of ri
consumer preferences and prejudices, and technological developments in consum tion must
be taken into consideration. Because a significant volume of tropical timber roduct I'k
many primary and secondary forest products, are "consumed" in manufacturing processes
(such as homeconstruction, and manufacturing doors, windows and furniture) technological
developments that lead to substitution of other products and materials can Ia anim rtarit
role in the outlook for consumption of tropical timber.

A second issue is consumption of forest products in countries producing tro icaltimber.
What are recent trends in consumption and how are they likely to affect ito icaltimber
markets as a whole? In large measure growth in domestic consumption of forest roducts
in tropical timber producing countries is a natural consequence of economic and ulation
growth. However, it is important to assess the extent to which the outlook for forest
products consumption in tropical countries may differ from that of other develo in
countries. Readily available supplies of industrial forest products are likel to affect the
pattern and rates of growth in consumption. To the extent that this consumption re resents
a significant source of demand for tropical timber existing patterns of trade will chari e.
In addition, with growth in domestic consumption in tropical timber producin countries
production of industrial products from tropical forests will be increasingI be ond the SCO
of policy instruments focusing on international trade.

Finally, the emergence of new markets, particularly those in developing countries that are
not producers of tropical timber, must also be examined. The effects of the trade Iicies
Of industrialized nations on tropical timber consumption and production are obviousl limited
by the importance of consumption and trade that takes place outside the boundaries of such
intervention.
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Any one of these issues is worthy of extensive study. here however each is simpl
addressed simply through a review of recent trends and recent literature. The objective is
to provide a broad-based display of issues. Definitive results such as estimates of rates of
substitution between tropical and temperate timber products in specific markets are beyond
the scope of this effort; they are, in addition, limited by the quantity and quality of available
data.

I. Markets in industrialized Countries

Table 4.1 summarizes broad patterns of consumption (net imports) of tropical timber by
product and major importing countries or region. Trends and patterns for each region will
be addressed in turn. Japan is the predominant market for tropical timber followed b
Europe (data are shown for the European Community (EEC) only), with North America a
distantthird in consumption among industrialized regions. In the last decade or so Korea
and Taiwan have emerged as significantimporters of tropical timber. in 1989-90 Korea and
Taiwan imported a quantity of tropical timer nearly equal to that of the EEC. For both
countries, a considerable portion of tropical timber consumption is in export-oriented
industries, especially furniture, with North America and Japan as the major export markets.
As areSUIt, cornedouble counting is reflected in this table' tropical logs imported by Taiwan
for example, are used to manufacture plywood that is exported to the United States Europe
and Japan. Therefore, in table 4.1 some portion of the volume reported for Taiwan and
Korea actually appears in two places.

Japan

Japan's domestic timber resources are substantial covering roughly 25 million hectares with
a stock of 3 billion cubic meters. Roughly two-thirds of Japan's domestic timber resource
is softwoods, most of which is the result of a post WW-11 reforestation ro rain.
Nevertheless, Japan depends on imported raw material and timber products to meet nearI
three-fourths of domestic demand. This import-dependence has increased steadil since the
inn-1970's, in partbecause the bulkofdomestic timber resources are immatureorex nsive
to harvest, and in part as a result of explicit trade and industrial policies. In the late 1980s
Japan's demand for timber reached a peak of roughly 1/5 million cubic meters (roundwood
equivalent); domestic resources supplied less then 30 percent of this volume orard 1991).

Japan continues to be the world's largest importer and consumer of tropical timber as it has
been for more the two decades (table 4.1). In 1990, Japan accounted for roughly half of
tropical timber imports of industrialized countries and more than one-fourth of world trade
intropicaltimber products. These data are only slightly changed from the inid-1980s
(Nectoux and Kuroda (1989). Table 4.2 shows the distribution of Japanese timber imports
by products Cogs, lumber, and plywood), and species 01ardwood and softwood), both
temperate and tropical. Tropical logs accountfornearly allhardwood logsimported but less
than half of alllogs imports; tropical lumber accounts for 80 percent of hardwood lumber
imports, and less than 20 percent of total lumber imports. Tropical plywood accounts for
nearly allplywood imports, and about one third of Japanese plywood consumption.
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Table4.3 summarizes the importanceoftropicaltimberin the Japanese forestsect0 1990.
In terms of both value and volume (allproducts expressed in a equivalent basis) jin rts '
the form of logs still account for the majority of Japan's tropical timber jin r's. D
log production in Japan peaked in the inid-1960s, and has declined steadily since. Tro ical
logs are used primarily in the domestic plywood industry although their relative jin rtance
is lower than at any time in the recent past. These data for 1990 show a decli th
tropical log share of raw material for plywood production from data re rted b W d
Associates (1990) for 1988. Supply restrictions in tropical timber producin countries
competition form productimporrs, and a slow-down in construction activity (1991-92) have
allcontributed to long-termdeclineinJapaneseplywoodproduction. Currentl rod ti
is at the lowest levelsince the inid-1960s (Japan Lumber Reports 1992). PI wood jin r's
increased by a factor of 10 between 1985 and 1990.

In 1990, domestic production of logs used in lumber manufacturin was rou in 18 '11'
cubic meters, and was composed primarily of temperate softwood s ies' domesti
production accounted for less than 40 percnet of log supply to Japanese saw mills. or th
past 2 decades, Japanese lumber manufacturing had declined more than 30 rcentin ou t
andnumberofmills; employment in lumber manufacturing decreasedb nearI 50 t.
As with the plywood industry, decreased availability of raw material increasin raw mate 'al
prices, and increased competition from imports have contributed to this trend.

Table 4.4 summarizes end use data fortropicaltimber in Japan. housin and iru
account for the majority of Japanese consumption of tropical timber. Overall I wood
accounts for the majority of Japanese tropical timber consumption. most I wood ' sed
irisheathingaridformworkinconstruction. Endusesforlumberareles red'
housing fixtures (such as doors, windows and stairs) account for most use of tropical lumber
Ovard Associates 1990). However, there are few applications in which there is n t
competition from temperate species (both domestic and imported) and other materials. Ward
Associates (1990) reports that tropical hardwood lumber (whether imported or manufb. cmred
in Japan) lost market share in all end use markets over the period 1980-89. Total
consumption of tropical lumber declined by more than 2 million cubic meters over th'
period.

Competition from other materials is a significant factor in the use of tro icallumb
furniture manufacturing; temperate hardwood and softwood lumber has re laced tro ical
lumber in a variety of applications Ovard Associates 1990). Similar patterns of substitution
have occurred in packaging. Packaging accouts for less than 5 percent oftro ical I wood
use in Japan (table 4.4), and has maintained a steady share of wood used in this market.
however, overallwood use in packaging has declined in the past decade the share acco red
for by tropical lumber has declined Ovard Associates 1990). Uncertainty concernin su I
(or, at the very least, the process of changing sources of supply from domestic production
to imports) likely contributed to this decline.

Changes in the mix of raw materials used are driven only in part by ph siCal availabil't .
For Japanese manufacturers, supplies might expand through use of non-traditional tro ical
species, or through use of non-tropical timber. In either case we expect to see scarcit
reflected in relative prices. Vincent and others (1990) found little statistical evidence for
price-based substitution of lessor-known species (LKS) for well-known species ONE'S of
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tropical logs. However, there was some statistical support for the hypothesis of price-based
substitution of temperate for tropical species in lumber manufacturing (Vincent and other
1991). Ward Associates (1990) reports that tropicalLKS are increasingly being used in both
lumber and plywood manufacturing. Nevertheless nearly allofJapan's tropical log imports
continue to come from Asia; Africa and Latin America supply very small quantities of 10 s
to the Japanese market ONard Associates 1990). Imports of tropical products are
considerably more diversified, however.

Japanese imports of value-added wood products (such as moulding, joinery, doors and
windows, and furniture) are small compared to imports of primary wood products (logs,
lumber and plywood). Nevertheless, the value of imports of these products has gown
rapidly, and in 1989 totalled nearly $600 million dollars Ovard Associates 1990). Tropical
timber producing countries account for about 100 million dollars of the total trade. importers
of tropical timber that process and export products (such as Taiwan and Korea), account for
an additional 150 million dollars of these imports by Japan. Japanese imports of tro ical
timber furniture and furniture parts more than doubled in the past decade ONard Associates
1990); nearly all of these imports are from countries that import tropicaltimber to maintain
these industries.

The outlookfor tropical timber in Japan is a continuation of recenttrends: declinin jin rts
of logs, increasing imports of lumber and plywood, and even sharper increases in imports
of value-added products Ovard Associates 1990). One of the most importantindicators of
demand for wood products in Japan is residential construction. as in the United States this
is closely correlated with economic activity and the business cycle. Over most of the nod
1970-85, total housing starts declined as did the size of houses built and the share of new
houses that are wooden. All of this contributed to slow growth in Japan's consum tion of
solid wood products(logs, lumber and plywood)throughout much of the 1980s. Government
intervention in housing markets and product promotion by Us manufacturers (focused on
construction methods) gave a boost to demand in the late 1980s, but one favoring softwood
consumption lumber Ovard Associates 1990). Total Japanese forest products consumption
declined in 1991 and early 1992; recession in the broad economy was reflected in declines
in construction adn housing starts - the two strongest determinants of Japanese consum tion
of solid wood products, including tropical timber products. Weakness in the Ia anese
economy in the early 1990s can be expected to result in slow growth in Japanese
consumption of tropical timber.

Much, if not most of the decline in market share for tropical timber reflects rice-based
substitution. Ingrain (in press) reports growth in tropical sawn wood prices in Japan in the
late 1980s, after a period of declining real prices beginning in the late 1970s. Accordin to
these data, denated prices of tropical sawn wood increased sharply arthe end of the decade.
Perhaps even more important than tropical sawn wood prices adjusted for inflation is the
price of tropical sawn wood relative to the price of substitutes. Figure I illustrates one
measure of relative prices. The ratio of the price of lauan sawn wood to hinokisawn wood
declined over the period 1970-78 (encouraging the use of lauan over hinoki sawn wood).
While there are significantcycles in the relative price measure over the period 1978-90 there
is also a clear upward trend. This is the same period over which Ward Associates (1990)
reports loss of market share for tropical lumber.

^ ^

,
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Europe

Europe is considerably more self-sufficientin forest products than is Ia ' tak
tib gy .percentoftotalconsumption. Tropical
Therefore, tropicaltimber accountsforroughly3percentofEuro '
industrial timber products. Tropical timber products are jin omit' th
sector nevertheless, occupying niche markets of relatively high value (In0 1990 . ,
too, ismcontrasttotheJapanesemarketwhererelativelylow-valuea Iicati '
formwork, for example) account for a significant share of tropical timber con

Europe accounts for roughly one half of world forest products jin rts (all
products) and, although second only to Japan as animporteroftro icalti b od
of the late 1980sEuropeaccountedforonly20percentofworldtr 'cal '
errr01990);seeTable4. I. Recenttrendsarebroadl similartoth I "
in imports of tropical logs beginning in the early 1970s a relative i
processed tropical timber products and an overalldecline in total
an increase in the share of imports in processed form, and a decline in consu ti
least, nosignificanceincrease) of tropical timber productscaribeexpected to conti ' O
1990). Table 4.5 shows the trend in consumption of temperate and tro 'cal
logs in the EEC. Based on data reported by Cooper (1990) and In0 (1990, 1991
appearsthatroughlyhalftropicallogimportsbytheEECisusedtomari f I '
one-thirdisusedtomanufacturesawnwood. theremainder ed '

As a result of proximity and historical ties Africa supplies the ina'ont fE
of tropical logs;sources of tropical sawnwoodand Iwood d'
includeproducersinAsiaandLatinAmerica. Sixcountriesa f '
EEC consumption of tropical sawn woodandplywood: UnitedKi d F
Italy, Netherlands, andBelgium. Of thesetheUnitedKid ' '
consumer of tropical timber (18 percent of sawn wood, and 37 r co t f I
consumptionin1988)(Cooper1990). '

Table 4.6 summarizes patterns of end use of tropical sawn wood d I
countries. These data illustrate and reflect characteristics of E r
markets: first and foremost, markets and patterns of use are n t h
European countries. France, GermanyandtheUnitedKin doin differ' t f'
sources of imports, andpattemsofuse. The United Kingdom forexa I I' '
entirely on imports of products while France and German have in th
heavily on imports of logs. French imports(of tropical logs) are supplied almoste I I
by African producers, while German imports are primaril from A ' T bl
the importancein European consumption of tropical timber of end us h' h
is a critical component of suitability.

Both Cooper (1990) and In0 (1990) suggest that the outlook for to icalti b
in Europe holds, at best, a prospect of modest growth in consum tion. F
countries and end uses Cooper (1990) suggest static or declining markets. C
products and, to some extent, changing tastes and preferences will lead t I f
share orabsolutereductionsin quantities of tropical timber products co ed.
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more heavily on log imports, tropical plywood manufacturers in Germany and Fronce, for
example, face adjustments not unlike those in Japan: reduction in domestic manufacturing (in
the absence of shifts to new sources of raw material), and increases in imports of processed
products to maintain existing levels of consumption and patterns of use.

North America

Although Canada and the United States are the largest importers of forest products both
countries are relatively small participants in tropical timber markets (see table 4.1).
Nevertheless, North American imports of tropical logs, sawn wood, veneer, and plywood
totalled nearly $600 million cos) in 1990 (see table 4.7). The United States is the primary
market, accounting for 95 percent of the net imports in both volume and value terms.
Tropical hardwood plywood dominates North American tropical timber imports, accounting
for three-fourths of the value, and nearly 90 percent of the volume of imports. Indonesia,
Malaysia and Brazil supply most North American imports of tropical timber. Imports from
Africa are negligible. Nori-tropical countries, such as Taiwan and Hong Kong, account for
a small share of North American imports of tropical timber products.

It is important to note that North American imports of other manufactured forest products
from tropical countries, including pulp and paper products, are substantial. United States and
Canadian imports of all forest products from tropical countries in 1990 exceed $1 billion
cos). Table 4.8 summarizes United States imports of forest products from tropical
countries, and illustrates the shift in the pattern of imports similar to those noted for Japan:
the importance of value added products including, in this case, pulp and paper products.
Primary tropical products (logs, lumber, veneer and plywood) account for only one fourth
of Us imports of forest products from tropical countries.

Table 4.9 summarizes data on end uses of tropical lumber and plywood in North America.
As in European markets, relatively high-value uses dominate. Nevertheless, tropical timber
products face strong competition in nearly all end uses ONard International 1992). Recent
declines in construction activity (1990-91) reduced overall demand for all wood products,
including tropical timber. However, temperate hardwoods, other wood-based products(such
as particle-based panels), and other materials present significant competition for tropical
timber myard International 1992). Trends in relative prices for imported hardwood plywood
in the United States show patterns similar to those for tropical lumber in Japan: increasing
relative prices that can be expected to discourage consumption of tropical plywood, and
encourage consumption of substitutes.

2. Forest ProductsMarketsiriTropicalCountries

A summary of recent projections (FAO 1991) of consumption of forest products in
developing and developed countries (table 4.10) provides background for a review of recent
trends in tropical countries. For each of the broad aggregates of timber products FAO
projections of the growth in consumption expected over the nexttwo decades in developing
countries exceeds that expected in developed countries. In many cases, projected rates of
growth for developing countries are double those of developed countries. Because
developing countries are largely, although not exclusively, those in the tropical region, it is

6



reasonable to use these projections to draw attention to the need to more
recent trends in forest products consumption in tropical countries.

Although the implications of the FAO projections are at first dramatic the Iar ainitw If F' 'Igy'ginainitwo simple facts. First, when percentage change is calculated against a small b
quantity, rates of increase are exaggerated. In terms of absolute quantities for all roducts
except fuelwood, the scale of developed country consumption is far greater than that in
developing countries. In 1975 for example consumption of industrial roundwood
developed countries was nearly 5 times that in developing countries; consumption of sawn
wood in developed countries was more than 5 times that in developing countries. However
by 1990 the ratio of consumption in the two country groups was roughly 3 to I and in two
decades the ratio is projected to be roughly 2 to I. Nevertheless trends in cons in ti b
developing countries - in both the historical and projected data - must be considered '
absolute terms as well as in percentage terms.

Second, the FAO projections rely in large part on projected population growth (as well as
income growth) in calculating projected consumption of forest products. Higher population
growth rates in developing countries - nearly three time growth rates in developed countries -
lead naturally to expectations of higher rates of increase in all aspects of consum ti . I
contrast to the "mature" markets of Europe and North America with relativeI I
population growth rates, tropical countries generally have markets and economies under oin
rapid change and development. As a result, over the nexttwo decades develo in countri
are likely to be the fastest growing markets for timber and timber products.

The implications of these trends for tropical countries and tro icaltimber rod
be more closely examined. Growth in consumption of industrial products adds res
tropical forests that already account for nearly halfofworld timber harvest. The sh f
roundwood removals used for fuel in tropical countries has declined steadil b t I
because demand formdustrialproductsisincreasing. More than 80 rcent of theesti red
harvest from tropical forests is used for fuel and the harvest for fuelwood in deva
countries exceeds total industrial timber production in developed countries.

Based on both the scale of consumption and the mix of products it is reasonable to k f
tropical countries are capable of meeting domestic demand with domestic resources. inI
world's industrial timber economy is predominantly based on temperate zone conife
species. In spite of the fact that the tropical timber share of industrial roundwood harvest
harmcreased significantly in the past four decades in 1990 tropical timber accounted for I
than ISPercentofindustrialroundwood. In 1950 tropical timber accounted for5 t
of the industrial timber harvest (Pringle 1976). To the extentthatincreased consum tion of
forest products in tropical countries follows the pattern of the industrialized forest economies
of the temperate zone, domestic resources, although abundant in many cases will not match
the mix of raw materials required by technologies in production and consum tion. As a
result, imports of forest products may be necessary to satisfy consumption requirements.

Table 4.11 summarizes trends in consumption in tropical countries for ina'or cats on f
industrial forest products over the period 1970 to 1990. Rates of growth in consum tion are
consistent with FAO trends and projections (table 4.10). For all four product grou s
consumption increased by a factor of 2 (wood-based panels, coniferous sawn wood) or 3

specifically examine
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(paper and paperboard) times over the period 1970-90. Perhaps more interesting than
consumption trends considered in isolation is a simultaneous comparison of production and
consumption. Figures 2-5 compare trends in production and consumption for the four
product groups for tropical countries taken as a whole and illustrate important aspects of the
trends and outlook for forest products markets in tropical countries. Table 4.12-15 show
trends in consumption (only) for each of the tropical regions (Asia, Africa and Latin
America).

First, the growth in both production and consumption of nonconiferous sawn wood is not
surprising (figure 2). What is interesting is the relative absence of strong cycles
corresponding with global economic cycles; such cycles are more pronounced in data for
industrialized countries. It is also noteworthy that net exports of nonconiferous sawn wood
have changed little over the 20-year period. This is not true in the case of wood-based
panels. Here (figure 3) is evidence of growth of a substantial, export-oriented industry. It
is the pattern of consumption in which a strong upward trend is altered at the time of the
world-wide recession in 1982 and never recovers.

Figures 4 and 5 also display interesting, but perhaps not unexpected results. Consumption
of coniferous in tropical countries sawn wood grew least quicldy of all four roducts'
nevertheless, consumption growth rates were considerably higher than those in developed
countries. And although growth in production was also significant net jin rts are
substantial (12-15 percent of consumption) and are not declining appreciably, even as
domestic production increases. However it is in consumption of paper and board products
that tropical countries are most dependent on imports- for nearly 40 percent on consumption.

3. Markets in Developing Countries

Table 4.1 reflects two significant developments in world markets for tropical timber. the
first, as discussed above, involves the slight decline in total volume of imports b
industrialized countries, and the trend toward imports of processed products (sawn wood and
plywood) instead of logs. The second change reflected in table 4.1 is the growing
importance of new "consumers", in this case Korea and Taiwan and to a lessor extent Hon
Kong and Singapore. Both Taiwan and Korea have very limited domestic timber resources
and rely on imports of both raw materials and products. All four countries have developed
export-based industries, lead especailly by Taiwan, now the world's leading exportsr of
furniture.

As ariapproximation of data showing changes in patterns of trade in tropical timber products
table 4.16 shows exports of nonconiferous saw and veneer logs nonconiferous sawn wood
and plywood by developing countries. These three products aggregations produced b
developing countries, are dominated by tropical timber. therefore in this context
"developing countries" has a reasonable correspondence with tropical timber producers.
These data are similar to those used by Buttoud and Hamadou (1986) in describing emerging
patterns of forest products trade between developing countries. Trends they observed - the
relative importance of trade between developing countries, and the increasing importance of
processed products along antrade routes - have continued.

.
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Table 4.1. .Net imports of tropical timber products in in, ^, 10r markets 1990

Product

Logs

Sawnwood

Veneer

Plywood

North
America

Tito^sin, d cubic meters'

11,319 3,303

1,371 3,094

229b1/7

I030b1,099 2,718

rhoi^CPId cubic meters (roundwood equivalent)'

3 11,319 3,303

2,468 5,569

222 435

2,369

Japan

3

Logs

Sawnwood

Veneer

Plywood

202

24

Europe (EEC)

na = not available

" Product basis.
b Data for 198, .

' Conversion factors (in' roundwood per in' product) are: sawn wood, 1.8;
veneer, 1.9; and plywood, 2.3.

Sources: International tropical Timber Organization (1991), Stichting BOS en
Hout (1991), Wood-Products Stockpile Corp. (1991), Foreign Aerialrural Service (1990).

Republic
of Korea

364

46

2,528

Taiwanb

3,731

587

6,251

13

541

4,193

na

3,731

1,057

25

.

433

4,193

1244

na

996



Table 4.2--Japanese imports of logs, lumber, and plywood by
temperate and tropical, and hardwood and softtvood 1990

Type

Tropical
Hardwood
Softwoodb

Temperate
Hardwood
Softwood

Total

Hardwood
Softwood

Total

Logs Dimber

11,300
227

Thous@, xi cubic meters

1,017
16,455

' Converted from square meters at 135 in' per in3
Softwood volume from South Seas and "other"

' Hardwood plywood not classified as tropical' Indonesia is the
^rimary supplier.

Includes plywood classified as "other".

Source: Wood-Products Stockpile Corp. (1991)

1,371
308

Plywood'

12,317
16,682

28,999

343

7,061

2,718
2

1,714
7,369

9,083

282'
50

3,000
52

3 095d3,095



Table 4.3--Importance of tropical timber in the Japanese forest sector 1990

Volume

imports of tropical logs

Share of supply'

Share of importsb

Total
Used for

lumber

' Tropical share of total log supply (from domestic production and imports), and tro ical
share of total lumber and plywood supply.

Tropical share of total log, lumber, and plywood imports (including softwood logs).

'mdudeshardwood lumber from South Seas and asmall uanti of hard d I b
from sources other than the South Seas North America, Russia Chile and N
Zealand.

' Tropical hardwood plywood imports (WSC 1991) conyerted from square meters (366.9
nitllion 11/2) at 135 1/12 per 11/3.

Sources: Calculated and estimated from data reported by Ia an Wood-Prod t
Information and Research Center (JAWIC) (1991), Japan Wood-Products Stockpile Co
(WSC) (1991), and Japan Lumber Reports (1992).'

11,300

Thous@, zd cubic meters

2,614 8,684

Percent

88

92

Used for

plywood

24

39

imports of tropical

Dimber

5

11

Plywood

1,371' 2718d

5

15

26

88



Table 4.4--End uses for tropical lumber and plywood in
Japan, 1989

End use

Housing and construction

Furniture

Packaging

Other

Source: Ward Associates (1991).

Dimber

Percent

plywood

37

29

13

21

66

9

4

21



Tabi. e 4.5--NoneorLl. fezous 1.08 consumpc, .on EEC

Share

Temperate TropicaL Total Cropl. cal

1.965
1.966
1967
1.968
1.969
1.970
,. 971
1972
,. 973
1.974
1.975
1,976
1977
1.978
1979
1,980
1.981.
,. 982
1.983
1984
1985
1.986
1987
1.988
1989
1.990

Thousand cubLc mecers

17,963 4,759 22 722
1.8,557 4,933 23 490
18,328 4,720 23,047
1.8,462 5,361 23 823
1.9,1.39 6,689 25,828
20,058 6,017 26 075
18,947 6,189 25 1.36
L8,666 6,882 25 548
L9,992 7,942 27,934
19.1.62 6,043 25 205
1.7,51.6 4,757 22 273
L7,548 6,161 23 708
1.9,347 5,795 25 1.42
1.9,61.7 4,935 24,552
1.9,057 5,321. 24 378
1.9,766 5,393 25.1.59
1.8,988 4.1.12 23 099
1.7, ,. 42 3,841. 20,982
17,288 3,764 2L 052
1.7,568 3,681. 21 249
1.6,992 3,400 20 391
17,688 3,308 20 996
1.7,538 3,025 20 563
1.7,879 3,245 21 1.23
1.7,91.5 3,381 21,296
1.8,594 3,303 21,897

Percent

20.9
21. O
20.5
22.5
25.9
23.1
24.6
26.9
28.4
24.0
21.4
26.0
23.0
20 .I
21.8
21 .4
1.7 . 8
1.8 . 3
1.7 . 9
1.7 . 3
1.6 . 7
1.5 . 8
1.4 . 7
1.5 . 4
15.9
1.5 . I

Source: original. data are from BCE/FAO.

Temperate, noncon, .fezous Log consumption i, s
calcu, .aced as apparent consumption of a, .I
noneoni. fezous Logs Less net imports of
tropical. logs .

Data for former DDR are Included.



Table 4.6--End uses for tropical sawn wood and plywood in selected
European countries

Product and
end use

Sawnwood

Joinery
Windows, doors
Furniture
Construction
Other

Uiitted

Kingdom

Plywood

Shopfittirig,
joinery

Furniture
Industrial
Construction
Other

24

23
33
11

9

France

Source: Based on data reported by Cooper (1990).

Germany

39
22

25
11

3

34
17

19
19
11

15
67
18

33
18

25
24

15
66
19



Table 4.7. .Value of North American forest
imports of tropical timber, 1991

Marto, I Us $

Product

Logs

Sawnwood

Veneer

Plywood

Canada

products

Total

.

4

2

20

Source: Ward International(1992).

United States

26

3

94

45

399

541



Table 4.8. .United States imports of forest products from
tropical countries, 1990'

Commodity category

Logs

Sawnwood

Veneer

Plywood

Subtotal, primary

Other solid wood'

Pulp and paper

Wooden furniture

Total

15.1

116.5

53.9

467.3

652.8

491.7

516.2

396.2

Millions oldo!!", s

Of which

tropicalb

ina = not available

' Tropical countries are those countries with significant
land area in the tropical zone; figures do notinclude data
for imports from Taiwan, Singapore, and Hong Kong but do
include data for imports from Mexico.

Commodities identified as tropical timber. the species
composition of manufactured products and furniture is not
identified intrade data.

' Includes milled and manufactured products such as
joinery, windows, doors, tools, and tableware.

4.2

82.6

21.6

383.7

492.1

na

na

na



Table 4.9--End uses for tropical lumber and plywood in
North America, 1990

End use

Housing/construction

Furniture

Cabinets

Millwork

Containers

Other

Lumber

15

35

10

25

I

14

Percent

Source: Ward International(1992).

Plywood

30

25

15

10

19



Table 4.10--Summary or FAO World Outlook Projections for forest products

Feine, It per CPI, ,I'm growth ill comumptio"

Product

Developing countries

Roundwood

Fuelwood

industrial rodwd

Pulp wood

Sawnwood

Wood-based panels

Paper & paperboard

1965-75 1975-b87'

3.0

2.6

5.5

b87-95

Developed countries

Roundwood

Fuelwood

Industrial rodwd

Pulp wood

Sawnwood

Wood-based panels

Paper & paperboard

2.6

6.9

2.2

4.8

1995-2000

4.2

11.5

2.3

8.1

5.4

2.2

4.5

3.0

2000-10

7.7

2.1

3.9

0.1

7.5

1.7

2.9

3.3

3.5

7.3

2.0

0.8

5.7

a

The base period for these projections (b87) is the average consumption 1985-89.

Source: Food and Agriculture Organization (1991).

1.8

6.2

.

1.4

3.0

3.2

4.3

-0.1

3.7

8.2

1.4

6.1

6.9

1.4

6.8

2.9

3.3

2.7

0.5

1.0

8.2

1.6

2.6

1.5

7.2

2.6

3.6

0.3

1.2

1.8

2.9

1.6

2.9

2.5

0.2

1.4

1.8

3.3

3.2

3.0

1.5

3.5

3.2



Table4.11-,^ridsinconsumptionofindustrialforest rod t ' '
countries, 1970-90'

Coniferous
sawnwood

1970
1975
1980
1985
1990

8,156 20,127
10,676 26,249
14 673 37,978
16,414 44,945
17,631 52,829

Average armual growth (percent)

1970-90

Noncoiiiferous
sawn wood

Thous@, Id cubic meters

Wood-based

panels

Apparent consumption for the tropical countries of Afric Asi and La '
America; excludes countries in those regions that are outs'd th

Source: Calculated from data reported by-Food and A 'culture O(AGROSTAT). g'zaion

3.9

3,076
4,581
8,100
9,016
8,918

Paper &
paperboard

4.9

ZnO"spyzd Mr

7,318
8,822

14,268
16,861
23,373

5.5 6.0



^abl. e 4.12--Apparent consumption of noneon, .fezotis
Bami wood I. n ^top, .cal. courier, .es. 1.970-90

Africa

1,970
1.97, .
1.972
1.973
1.974
1.975
1.976
1,977
1.978
1.979
1.980
1.98, .
1.982
1.983
1.984
1,985
1.986
1987
1.988
1.989
1.990

Tropical. countries of:

Latin
fuer, .ca

2,034
2 , 21.7
I. , 976
2 1.14
2,477
2,790
2 61.9
3,000
3 ,742
3 833
4,596
4,854
4,530
4,277
4,257
4 676
4, 805
5,025
5,049
5 , 1.42
5 , 1.24

Thousand cubtc meters

6,594 1.1,407
7,095 1.1,1.61
6,783 1.2 981
7,146 L2,645
7,624 L3,959
8,622 1.4,740
9,763 1.5,630

1.0,1.58 1.8,018
10,667 1.8,923
1.0,625 1.8,1.96
12,231 21. ,063
1.2,908 2L, 632
1.2,659 24,552
L2,982 24,914
1.3,670 25,487
1.3,689 26,521.
14,303 25,856
1.4,289 28,786
1.4,2L2 28,372
1.4,595 34 600
14,851 32,785

Asia Oceania

Source: Food and Agri. CUI. Cure Organization (ACROSTAT).

Total

92
62

1.36
97
78
97
89
75
77
77
88
54
57
58
60
59
67
70
71
69
69

20,127
20,535
21 ,876
22,002
24,138
26,249
28 ,LOT
31. , 251
33,409
32 , 731.
37,978
39,448
41 ,798
42 , 231.
43 474
44 945
45,031
48 1.70
47,704
54 406
52,829



Tabi. e 4. L3--Apparent consumption of conl. fezous
sawn vood In tropical. countr, .es 1.970-90

Atr, .ca

1.970
1,971
1,972
1973
1974
1,975
1.976
1.977
1.978
1.979
1980
1,981
1,982
1.983
1.984
1,985
1986
1.987
1.988
1.989
1,990

Tropical countries of:

Lacl. n
America

441
500
457
461.
395
438
431.
447
408
424
505
548
521.
464
528
553
565
61.7
666
631
629

Thousand cubic meters

6,204 I 500
6 , 01.0 I, 701
6,293 I. , 742
5 , 91.2 I. , 807
6 ,452 I, 806
8,317 1,908
9,267 2 , 71.6
9,970 2,692

L0,532 2 , 71.1
1.0 , 389 3,062
1.0 , 771 3 , 343
1.0 , 894 3,473
1.0 659 3,824
11. , 31.5 4,357
1.1. , 985 4,375
1.1. , 926 3 , 894
1.1. , 758 3,709
1.1. , 876 3,769
1.2 , 249 4.0L9
1.2 , 204 4 , 31.5
12,102 4 , 857

Asta Oceania

Source: Food and Agriculture Organization (ACROSTAT).

Total

1.1
16
18
1.3
1.2
1.3
1.2
1.2
14
1.4
54
46
46
46
46
41
41
41.
43
43
43

8 , 1.56
8,227
8 , 51.0
8,193
8,665

10,676
L2,426
1.3 , 1.2L
1.3 , 665
L3,889
1.4 , 673
1.4 , 961
1.5 , 050
1.6 , 1.82
16,934
1.6 , 4/4
1.6 , 073
1.6 , 303
16 977
1.7 , 193
1.7 631

,

-



^ab, .e 4.1.4--Apparent consumption of vood-based panel. s
I. n trop, .cal. countrl. es, 1,970-90

Africa

Tropical counc, :,. es of:

1.970
1.971.
1.972
1.973
1.974
1.975
1.976
1977
1.978
1.979
1.980
1,981
1.982
1.983
,. 984
1,985
1.986
1,987
1.988
,. 989
1.990

Latin
America

264
360
385
423
499
486
581
656
692
780
942
936
980

L 004
903

I. 01.1.
I. , 01.0

991.
I. 026
I. 041.
I. 040

Thousand cubic mecers

I. 265
I. ,496
I. , 861.
I. , 997
2 1.31.
2 303
2 590
2 878
2 957
3 1.69
3 61.1
3 81.9

3 , 782
3 803

3,763
3 670
3,750
4,004
3 901
3,841
3,784

Asia Oceania

I. 521
I. , 442
I, 481
I. , 388
I 31.9
I. , 784
2 , 1.22
2 ,457
2 622
3 092

3,535
3 941.
4 871
4 L47
4 294
4 31.7
4,370
3 951.
4,687
4 207
4 048

Source: Food and Agricul. cure Organ, .zaci. on (ACROSTAT).

Total

26
23
24

9
8
8
6

1.5
L6
1.6
1.2
1.1.
1.3
1.4
14
1.8
24
24
29
29
46

3 076
3 . 321.
3 751.
3 81.7
3,957
4 581.
5,299
6,006
6 287

7,057
8 , 1.00
8 707
9 646
8 968

8,974
9 , 01.6
9 1.54
8,970
9,643
9 , 1.1.8
8 91.8



TabLe 4.1.5--Apparent consumption of paper
paperboard I. a crop, .cal. courier, .es, L970-90

At, :,. ca

L970
1.971.
1,972
1.973
,. 974
1975
1.976
1.977
1.978
1.979
1.980
,. 981.
1.982
,. 983
1.984
1.985
1.986
,. 987
,. 988
1.989
1.990

Tropical countries of:

Latin
America

390
447
397
482
549
477
51.6
527
542
542
554
681
569
599
529
598
585
606
61.4
599
603

Thousand metrLC Cons

4,323 2.60L
4 , 41.6 2,892
4,803 3,002
5,254 3 , 31.6
6,055 3 1.71
5 , 357 2,987
6 , 1.37 3,473
6,794 3 670
7,063 4 236
7,738 4, 61.2
8,967 4,734
8 984 5,237
9 , 1.05 5 ,420
9,026 5,578
9,872 6 , 1.48

1.0 , 074 6 , 1.80
1.1. , 0t, . 6,583
IL, 370 7,774
12,690 8,528
1.2 , 627 9 , 471.
L2,357 1.0 404

and

Asia Oceania

.

Source: Food and Agrtcu, .cure Organization (ACROSTAT).

Total

4
4
5
I
I
I
3
7
9

1.0
1.3
1.2

8
1.0

8
9
9
9
9
9
9

7 , 31.8
7,759
8 , 207
9 ,053
9,776
8,822

1.0 , 1.29
1.0 , 998
1.1, 850
1.2 , 902
1.4 , 268
1.4 , 91.4
1.5 , 1.02
1.5 , 21.3
L6,557
1.6 , 861
1.8 , 1.88
1.9 . 759
21, 841.
22,706
23,373



Table 4.16--Developing country exports of selected forest products, 1975.90

.

Product
and destination

Nonconiferous saw and veneer logs (Trimion cubic meters)

Developing countries 13.7 9.210.1

Developed countries 24.6 17.724.2

World 38.334.3

Noncoiiiferous sawn wood (million cubic meters)

Developing countries 2.0 4.2

Developed countries 4.12.7

World

1975

4.7

Plywood (million cubic meters)

Developing countries 0.4

Developed countries 2.6

World

1980 1985

Source: Food and Agriculture Organization.

1990

26.8

12.0
14.7

8.3

4.0
3.9

3.0

26.7

15
2.7

7.9

4.9
4.2

4.2

3.4
2.5

9.1

5.9

6.4
5.5

11.8



1.6

Relative prices of sawn wood in Japan:
Lauan and Hinoki

1.4

I. 2

0.8

0.6

0.4

1970 1975

Source^ FAO (1990); WSC-(, 992)
1980 1985 1990



Production and consumption of wood-based
panels, tropical countries

20
Million cubic meters

15

10

5

o

1970 1975

~'~ Production

1980

^~ Consumption

1985 1990



Production and consumption of nonconif-
erous sawn wood, tropical countries

Million cubic meters
70

60

50

40

80

20

10

1970 1975

~~' Production

1980

Source: FAO

^'~ Consumption

1985 1990



Production and consumption of coniferous
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Production and consumption of paper and
board products, tropical countries
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Substitution in Forest Products Consumptions Issues Trends and Implications for
Tropical Timber Trade Policy

I. Background

Markets for tropical timber are critical in maintaining tropical forest. forest management that
provides financial returns with practices that maintain ecological conditions and processes can
be one of the best methods for slowing rates of deforestation in the tropics (Poore 1989).
However, a sequence of as-yetunanswered questionsbeginsin the conclusion that sustainable
management of tropical forests costs more than current management approach (Oxford
Forestry Institute 1991). If raw material(log) production costs production costs are
increased, and these increased costs are passed through to product prices how will markets
respond? Will consumers absorb these costs as an inevitable part of sustaining tropical
forests? Or will consumers respond simply to higher prices by reducing consumption of
tropical timber, thereby undermining the objective of sustaining tropical forests through
econonitc returns from timber products of tropical forests? The lack of clear knowledge of
the type and rate of likely market response to higher tropical timber prices inhibits policy
development and analysis. Ifreduction in consumption or substitution of other material and
products for tropical timber occurs quicldy and broadly new policy approaches must be
developed.

intact, we do notlack general knowledge ofthe processes orresults of materialsubstitution
but we do not have enough information on demand for tropical timber products to broadl
and definitively project the results of increased tropical timber prices. However for some
tropical timber products, in some markets we have evidence of changes in consum tion in
response to changes in price and the price of substitutes. This paper briefly reviews issues
of materials substitution, and experiences in forest products to provide background useful in
formulating tropical timber trade and management policies. Recent studies of tropical timber
markets are reviewed for specific indications of possible market responses.

2. Substitutionprocesses

The process by which materials are consumed and substituted for each other has been
extensively treated in the economics literature. Abundant materials are used to replace
relatively scarce materials to maintain types and levels of economic activity. Rosenberg
(1973) uses examples of the use of timber in the United States and Europe to illustrate these
processes. Compared to conditions in Europe, in the 18th and 19th centuries wood was
abundant in the United States and use was inefficient. Increasing real prices increasin
relative prices, and new technology lead to the substitution of other materials for wood across
a wide array of activities (Rosenberg 1973).

16 October 1992
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Based on a enumeration by Tilton (1983), four types of substitution can b d 'fed:
material for material, other factors for material. ualit for t 'at.
substitution. Forest products provide examples of all four t s of s b tit

Material for material: - Timber use by railroads provides a 19th
process. In the United States in 1850wood supplied more than 90 r t fallf
energy, and was nearly the sole source of fuelfor steam engines. b the e d fth
a shift to coalfuelwas nearly complete (Rosenberg 1973). More recent ex I f
material-for-materialsubstitution includetheuseofconcretein I f cod
ties, and the use of aluminium, steel and plastic in place of wood in sum t rel d
uses.

Other factors for material: - In allindustries consum tion of to 'al
increasing nori-material inputs. In forest products timber consum tion ' th
of sawn woodaridotherproductshasbeen reduced throu h increasin th fl
capital. In the pastfewdecadesin the United States technolo th f
inputs- has beenreduced both raw material^Id labouruse. Exa I I
controlled saw milling machinery, "chip-and-saw" techni ues to
recovery, and the development of narrow kerf blades.

Quality for material: - Altering product quality or performance standards b
reduce material content. Ageneralexampleofthisislumber rod ti d
United States and elsewhere that specify smaller minimum dimension f od
having larger nominal dimensions. Other examples include reducti
dimensions of standard framing lumber to 2 x 3 inches from 2 x 4 i h d th
low-grade core material in place of veneer in plywood.

Interproductsubstitution: - This typeofsubstitution does notalterthe f
orthemix of materials used toproduceindividualgood. instead the fj
or services is changed Cmton 1983). Thus of electronic-information in place of a r '
example of (widely expected, if not actually observed). Perhaps more jin omit
significant changes in the levelarid composition of demand for forest od t th
resulted from themtroductionarid substitution of new roducts f
themselves manufactured from wood. Themtroductionof I codthat I cod I
sheathing material is perhaps the bestexample' plywood also replaced Iumbe d h' I
in siding: particleboard has replaced lumber in much furniture constructi

This broad-based approach makes clear the importance of sub tit ti
commodity production andconsumption. Forest productsmanufact d
no exception. The process of substitution is fundamental^Id ubi uitous and itI d"
and factors that cause it are not well understood Oilton 1983). It is not ssibl to
generally and categoricalIy. which among changes in relative rices ch
institutions and regulations, development of technology or chari es in cons
preferences is most influential in causing or controlling the rate or extent of s b titii'
large measure this is because the process of substitution can onI be understood ' th
of specificproducts used in specific markets and within areIativel shorttim f .
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For tropical timber all four types of substitution must be considered. Material-for-material
and-interproduct substitution are likely to be the most importantin the near terms, but all are
important. Substitution opportunities include non-timber materials, the use of non-tropical
timber and the development of products using, for example, tropical veneers glued on cores
composed of other materials. Which is most likely-or dominant-windepend on end use and
market.

A brief review of literature3.

Unfortunately, the forest products literature offers little information on the substitution
question that is directly useful to analysis of tropical timber markets. Generally, two types
of studies have been done. The firstis a descriptive approach; this might be quite general
(dealing with issues) or quite specific in terms of technical details. Studies of U. S. forest
products markets generally have addressed broad trends in substitution (see, for example,
Haynes 119901, but do not provide specific estimates of factors motivating substitution, or
rates at which it may occur in the future. Alexander and Greber (1991) estimates specific
elasticities of substitution between softwood lumber and nonwood materials used in
construction, using relative prices as the explanatory factor. Although their results are by
no means definitive, there are indications of the type and magnitude of interaction among
materials in this broad end-use market.

Studies focused more narrowly provide more information on causes, processes and
opportunities for substitution, but cannot be generalized. See, for example, clark (1971)
Speltor (1983) and Hansen and Sinclair (1991). Studies of this second type would be ideal
for current tropical timber policy deliberations. Unfortunately few studies have specifically
considered tropical timber.

Vincent and others (1990 1991) approach the substitution question by examining producer
decisions on choice of raw material. Vincent and others (1990) examine substitution among
tropical timbers, to examine the use of well-known species myKS) and lessor-known species
(LKS) of tropical timber. Here, as with Alexarider and Greber (1991), relative prices are
assumed to motivate substitution; that is, the hypothesis tested is that changes in relative
prices of WECS and LKS lead to substitution. Results were generally inconclusive. Weak
data is one explanation; the possibility that substitution, or the lack of it, may be more
strongly motivated by other considerations is another.

Vencirit and others (1991) examines substitution between tropical and temperate logs in
Japanese lumber production; statisticalIy significant results are reported. That is, relative
prices are -found to be a statisticalIy significant factor in explaining substitution in raw
material use. However, there is an melastic relationship between consumption (by mills) of
tropical logs and changes in prices of temperate softwoods. Not surprisingIy, substitution
was found to occur more readily within a species group than across groups. The magnitude
of response to relative prices was such that it is not an important factor (to date) in raw
material choice, for Japanese saw mills.

Some models of'demand for tropical timber in the Us market have included substitute
products as explanatory factors. Han-Othman (1991) included the price of substitutes -

3



domestic hardwood lumber-in his model of Us demand fortro icallumb Th
the substitute was not a significant explanatory factor but demand was found to be
responsive to changes in the price of tropical lumber. CGngelarid MCKillop (1990) estimate
Us demand for tropical hardwood plywood using a specification in which h db d '
substitute product. Price of domestic hardboard was found to be a si nifi t I
factor in Us demand for hardwood plywood from Japan althou h ther
evidence in response to changes in import (own) price. Chou and Buongiom0 (1982 1983)
estimated statisticalIy-significant, own-priceelasticitiesforim rted hardwood I cod b
did notincludepricesofcommoditiesotherthanhardwood I woodasex I t ' bl
Chou and Buongiom0 (1983) focuses on the processes and elasticities of substitution am
sources of supply of hardwood plywood.

Using a modelsimilarto CGngelarid MCKillop (1990) but aggregated across also r f
supply, own-price and cross-price elasticities were estimated for Us jin r's of h d cod
plywood (see appendix I). Over the period 1971-91 imports were found to be res n '
to import price, the price of substitutes, and activity in end-use markets. Usin
data, own-priceelasticityestimates are somewhatlowertharithehi h ow - I "'
reported by Chou and Buongiom0 (1983) and Cengeland MCKillop (1990). However, th
results illustrate the importance of substitution - relative prices - in demand f tr 'cal
plywood in the United States, and support Ward International's (1992) descri tion of th
importance of end-use activity in Us demand for tropical PI wood.

4. Studies of tropical timber markets

Recent studies of timber markets in Japan arid Europe provide descriti I th
contribute to our understanding of substitution as it specificall relates to tro 'calti b
For the most part, these studies do notprovide comprehensive or conclusive inform ti b
they do provide indications of trends in tropical markets and evidence of substit ti . F
example, Ward Associate (1990) discusses Japanese marketconditions for allwood roducts
and the current and future role of tropical timber products. Changes in market cond'ti
(reductions in log imports and increases in product imports) are assessed in terms of net
revenue to tropical timber producers, and the competitive position of tropical timber is as
by broad markets.

The general assessment is that tropical timber "is doing reasonably well" Ovard Associates
1990). However, tropical lumber has decreased to less than 10 percent of the lumber market
in 1989 from more than 15 percent in 1980. Becauseacceptabilit amon consum
high (based on function and appearance), price and availability are given as reasons for
reductions in market share Ovard Associates 1990). Markets for tropical PI wood in Ia
are expected to grow, based increasingly on imports of products rather than on domesti
Capanese) production. However, substitute materials (softwood logs and veneers) and
substitute products (medium density fibreboard and oriented strand board) are identified as
strong competitors in a number of key end-use markets. Nevertheless overthe next decad
tropical timber consumption in Japan is expected to remain roughly constant when meas co
in terms of total(roundwood equivalent) volume Ovard Associates 1990). Log volumes
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consumed will decrease sharply and products volumes consumed are expected to increase
sharply.

The market for tropical timber in the United Kingdom is described as "buoyant" by the
Oxford Forestry Institute (1991), implying a relatively melastic response to higher prices.
However, Cooper (1990) and TIT0 (1990) provide evidence of markets for tropical timber
in Europe that, if not weak, are certainly susceptible to change resulting from changes in
relative prices and changes in consumer preferences.

Cooper (1990) reviews tropical timber markets in European countries. He outlines detailed
end-uses for tropical timber and discussions with decision-makers (i. e. , consumers of tropical
timber whoareinman cases roducersofcons mr cod Th ' al' ftimber who are in many cases producers of consumer goods). The qualitative factors that
deternitne the demand for tropical timber in these uses are presented. These factorsinclude
for example product characteristics that lead to the choice of tropical timber (the basis for
evaluating the existence of possible substitutes), and the strength of consumer loyalties.
Quantification and statistical estimates are the next logical step, albeit one requiring
considerable effort. Specific forecasts of European tropical timber markets are not
developed.

TFT0 (1990) estimates tropical timber's share of total sawn wood consumption for Europe
as 3.9 percent in 1986, a decline from 4.5 percent in 1972. Consumption of tropical
plywood is estimated to have been roughly unchanged over the period 197686. The outlook
for tropical timber consumption for the next decade is projected to be similar to the past
decade: decreasing log consumption (by European countries) and increasing product
consumption with little net change in the total volume of tropical timber consumed.
Consumption of antimber products is projected to increase' as a result tropical timber is
expected to decline in relative importance (in0 1990).

Ward International(1992)reviews North American timber markets, focusing on markets and
uses for tropical timber. North America - predominantly the United States - is the largest
forest products market in the world, buttropicaltimber and timber products account for a
very small part of consumption. Trade between Canada and the United States accounts for
the vast manority of North American trade in forest products. imports into either the United
States or Canada from other sources are small. However tropical timber accounts for
significant proportion of imports from non-North American sources. Tropical timber
accounts for halfofUS hardwood lumber imports and 90 percent of Us hardwood plywood
imports Ovard International 1992).

Recenttrends in North American markets for tropical timber are 'strongly influenced by the
recent recession; production, imports and consumption of all forest products peaked in 1988-
89, and declined 1990-91. Primary tropical timber products (logs, lumber plywood and
veneer) barely maintained their share of this declining market; for most products
consumption in the early 1990s is below levels of consumption in the early 1980s. Growth
in North American consumption of tropical timber is forecast to accompany growth in total
consumption myard International 1992), buttropicaltimber faces competitive pressure from
low cost substitutes in a number of end use markets. Tropical timber products "are at best
only holding their own in North America" orard International 1992). Competitive
substitutes include forest products manufactured from temperate species and products
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manufactured from non-woodmaterials. Forexample infum't k
market for hardwood products - reconstituted panel roducts h
fiberboard(^, IDF)and, articleb, ,, dco, ,, towith, andar, ,, badt, t, df, , t, ',, I I '
Although in some cases, these products provide a market for tr 'cal
material, the total volumeoftropicaltimberconsumeddecr b
tastes and preferences that appear to favor temperate over tro ical wood
uses also contribute to pressure on the competitive position of tro ical ti bInternational1992). P'er(War

Asis the case with Japanese and European markets fortro icaltimb th N
marketis also characterized by a shift away from raw material d '-
materials, and towardsimports of value-added tropical timber rod or . H
NorthAmericanimportsoftropicallogshaveneverbeensin'f th '
lumber andplywoodandtowardsimportsofmanufactured roducts h lI
furnitureand furnitureparts. Non-tropical countries in Asia (such as Taiwan) d'E '
(suchasDenmark)are majorsuppliersoffumitureinwhichtropicaitimbe, i "
Ovard International 1992). Tropical timber remains a competitive mate 'al' h
andenduses, and valueaddedproductsrepresent the best ros t f h '
American imports and consumption of tropical timber (Ward International 1992 . H
tropicaltimber producersfaceincreasedcompetitionfromal '
suppliers.

Analysis of tropical timber consumption based on trade data t b d
thesedatacanbequitemisleading. First the highdereeofa r ti '
data can easily mask conditions that are quite differentthan the f t
consumption of tradeintropicaltimberchanges the choiceof h "
measured becomes criticalto ariassessmentofmarketres rise. F I
of tropical logs has declined in every European market' in nearI eve
products (sawn wood, plywood and manufactured goods) have increased. C'h
composition of trade do not necessarily indicate teh direction of h
consumption of tropical timber. Changes in consumption are made inor d'ff I
by lack of complete current and historical consumption data that d' t' ' h
other timber. Historical data that includeinformationon th f
consuming countries are needed. Efforts of tropical timber roducin
processing beyond sawing lumber or manufacturing PIwood frth I'
assessment of trends. Ifdata on specific end uses of 10 s lumber d I
available, countries importing smaller quantities of sawn wood and h' h "
joinery products or furniture may be assumed to be consumin less tr 'cal
actually used.

Sununarys implications for tropical timber trade

Even in the absence of the data needed to develop detailed models ofch
of tropical timber products in specific uses price trends can be used t ' d'
of pressure for substitution. Table Ibuildson the Ward Associates(1990) al f
Japanese market (see their table (IX-E). Changes in preices of tern rate (h' ki
tropical(lauan) lumber clearly illustrate incentives to find substitutes for tro 'cal ' b
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real price (cost relative to an index of all commodity prices) and the relative price of lauan
lumber have increased almost steadily since 1970. In contrast, the real price of hinoki
lumber has fluctuated, but shows no trend over the same period (figure I). As a result, the
relative price of lauan lumber has increased in the last decade, and especially in the period
1987-91. This should be expected to lead to reductions in marketshare, as reported by Ward
Associates (1990).

Data from the Us market show similar patterns. indexes of real prices for hardwood
plywood imports, and domestic hardwood plywood (and related products) are shown in table
2. Althoughhardwood plywoodimportsinclude some temperate plywood, tropical hardwood
plywood accounts for 90 percent of Us hardwood plywood imports, and about one halfof
hardwood plywood consumption. In realtorms (deftated by the allcommodity producerprice
index), the price of hardwood plywood imports in the Us fluctuated 1970-85, but shows no
trend until the late 1980s (figure 2). Some of the sharp change in the price index 1989-90
may be anomalous - the result of changes in commodity classifications in trade data (1989).
Nevertheless, increases in real prices of tropical plywood have been sustained. Perhaps even
more significant, overtheperiod 1970-88 the price of imported hardwood plywood increased
relative to a composite index of hardwood plywood and related commodities that can be
expected to act as close substitutes. Therefore, it is only surprising that tropical plywood has
apparently maintained its share of the Us market ONard International 1992).

ingrain (in press) adds additional information to this view of price trends by examining broad
trends in tropical timber imports by North America, Japan and Europe. Increasing real
prices were found in all markets. Most price increases occurred in the last decade; changes
in prices relative to those of current or prospective substitutes were not examined.
Generally, Ingrain (in press) provides additional indications of price-based inducements to
seek substitutes for tropical timber. To confirm this further work must examine prices of
specific tropical timber products (a) relative to all commodities (ie real price trends), and co)
relative to actual or potential substitutes. Even without a completely developed statistical
analysis we can determine the extent to which historical trends provide, or fail to provide,
economic signals that would induce substitution or reduction in consumption.

Additional more detailed, and more comprehensive studies must be undertaken to improve
our understanding of tropical timber marketresponses to changes in prices and other factors.
In addition to price changes, studies must address, for example, labelling and certification
(efforts to effect consumer attitudes withoutchanging prices) and regulatory and legal factors
(such as building codes and product standards). Cooper (1990) outlines methods for studies
of high value end uses of tropical timber in Europe. It is important to keep in mind the fact
that the substitution decision can be made at a number of stages in the manufacturing
process. Although the responses of "final" consumers typically are examined in econometric
studies manufacturers choices of inputs also should be considered. Because many tropical
timber products are "embedded" in broader consumer goods (for example, as doors or
window frames in houses) it will bet difficult to establish the basis for consumer choices.
Finally, any analysis of consumption trends requires prices consistent with the stage of
processing, and should also be based on cost in use. Prices of substitute raw materials are
appropriate when examining manufacturers production decisions, but may not reflect costs
of final products; choice of the price indicator must be consistent with the market and use
being examined.
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Although not systematic, data from a variety of markets and sources show that rices of
selected tropical timber products have increased (1) relative to prices of all commodities and
(2) relative to prices of potential substitutes. Models of demand for tropical timber products
generally have shown consumption to be responsive to the real price of tro icaltimber
products, and responsive to the price of selected substitute commodities. As a result
should expectthe marketresponses - reductions in demand fortropicaltimber-that in fact
have been observed in descriptive studies. Ifpolicy intervention results in increases in costs
of production of tropical timber relative to production costs of coin titive roducts
(temperate timber, and other materials), and these costs are reflected in increased product
prices, further weakening of markets for tropical timber should be expected.
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TabLe I. --Trop, .caL and temperate Lumber prices In
Japan, 1,970-91

Lauana

Nominal

1970
1,971.
1.972
1,973
1.974
1,975
1.976
1977
1,978
1.979
1.980
1981
1.982
1983
1984
1,985
1986
1987
1988
L989
1990
1.99, .

Thousand yen per cubLc meter

87.442.3 82.640.0
89.6 87.742 . I.43.0

40.8 84.3 95.446.2
97.7 99.055.454 . 7

73.2 1.00 . 8 L36.899.3
1.01. 989.2 1.34 . 367.7

1.31. 71.05 . O77.6 97.4
LOL . 2 I. L3 . 382.2 1.39 . 5
1.00 . 5 1.05 . 5 1.33 . 479.5
157.0 1.00 . O 11.7 . 81.33 . 3
1.41. . I 1.30 . 9 1.30 . 91.41. . I.

1.37 . O1.26 . 2 124 . 5 1.35 . I.
1.08 . 51.35 . 9 1.12 . O1.31. 7

1.29 . 4 1.28 . 2 To8.0 1.07 . O
1.30 . 6 97 . 798.31.29 . 8
1.34 . O 1.34 . 6 86.6 87.0

91. . 81.30 . 2 LOT. 8L44.4
1.37 . 3 1.57 . 7 L24 . I. L42 . 5

L60.61.38 . 4 1.1.7 . 5 1.36 . 4
L52 . 2 11.8 . 71.72 . 3 1.34 . 3
1.67 . 8 1.86 . I 132.4L, .9 . 4

1.83 . 2 1.1.6 . 4 1.28 . 91.65 . 5

'80 Yen Nom, .nal.

Hinokib

'80 Yen Ratioc

' Lauan boards, grade I. , 3.0 3.4 x 30 cm x 4.0 in.
' Hinoki. square grade L L0.5 cm x 10.5 cm x 3.0 in.
' The ratio of Lauan prtce to hl. nokf. 'price.

Sources: Food and Agri. CULLure Organi. zaCl. on (1.990);
Japan Wood-products Tnformati. on and Research Center
(1992) .

I. 06
I. . 02
0.88
0.99
0.73
0.66
0.74
0.73
0.75
L. 33
1.08
0.92
L. 21
L. 20
I. 33
I. . 55
I. . 42
I. . 1.1
I. . 18
I. . 28
I. . 41
L. 42
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Uj. ^ywoopr, .ce

Tin orc unit
va ue Index

1970
1.97, .
1972
1973
1,974
1,975
1976
1,977
1978
1979
1.980
1,981.
1.982
1983
1,984
1985
1986
1987
1988
1989
1,990
1991
1,992p

Nominal

0.344
O . 348
0,362
0,522
0,591
0,458
O . 545
0.669
0,698
0,957
I. 1.34
I. . 048
I. . 000
0.908
0,977
0,864
0,879
I. 046
I. 1.47
I. 830
2,256
2,224
2,276

DefLated' Nomi. nal

ALL hardwood
pLy, ,00d I. ridex'

I. ridexes I. n the

0,933
O . 91.3
0.909
I. 1.59
I. . 1.05
0,785
0,892
1,030
0,998
I. 216
I. . 263
I. . 070
I. . 000
0,823
0,942
0,837
0,877
L. OL7
I. . 073
I. 631
I. . 940
I. 908
I. . 943

0,566
0,556
0,576
0,623
0,719
0.660
0,677
0,705
0,774
0,934
0.975
0,993
I. . 000
0,993
0,996
0,899
O . 91.0
0,929
0,942
0,998
1,034
L. 028
I. . 056

Defl. aced' RatioC

I. . 534
1,459
I. 447
I. . 384
L. 344
1,130
I. . 1.08
I. 086
1,107
I. . 187
1.086
I. . 01.3
I. . 000
0,900
0,960
O . 871.
0,908
0,904
O . 881.
0,889
0,889
0,882
0,902

Hardwood PI. ywood and related products.
Nomi. nat index divided by the 81.1. commodity producer rice Ind
Ratio of import unit value i. ridex and hardwood plywood composite index.

Sources: ULrtch (1.990); Us Bureau of Labor Statistics
Us Department of Commerce.

.

0,608
0,626
0,628
0,837
0,823
0,694
0,805
0.949
0,901
1,025
I. 1.63
I. . 056
I. . 000
O . 91.5
0,980
O. 961
0,965
I. 1.25
1,218
1,834
2 . 181.
2,163
2 . 1.54

12



Appendix I--A model of United States demand for hardwood plywood imports

Some recent studies provide estimates of the own price elasticity for tropical plywood
imports, but are less clear on the question of substitution--that is, the change in imports
in response to changes in the price of substitutes. Chou and Buongiom0 (1983) focus on
substitution among sources of supply, but do not consider the price of domestic
hardwood plywood, or other substitute products in the demand for imports. Cengel and
MCKillop (1990) estimate U. S. demand for hardwood plywood from Korea, Taiwan, and
Japan, and include the price of a substitute, Type n hardboard, as an explanatory factor.
Neither of these studies uses data more recentthan 1979. Therefore a simple model of
U. S. demand for hardwood plywood was fomiulated to provide estimates of own-price
elasticity using more recent data, and better estimates of the response of demand to
changes in the price of substitutes.

Demand for imported hardwood plywood was modeled as a function of the import price
the price of domestic hardwood plywood and related products, and levels of activity in
end-use sectors of the U. S. economy:

Q = CLP BIP B2EB3Q=" in , (1)

Equation (1) combines Chou and Buongiorno's (1983) and Cengel and MCI<mop's (1990)
specifications. Total import demand is estimated in a single equation. Data series
chosen to represent the price of substitutes, and end-use activity differ from those used
by Cengel and MCKillop (1990). Equation (1) was estimated using data from 1971-91;
results are shown below.

All coefficients in table 3 have expected signs, and are significant at the .01 level. These
results are consistent with previous econometric results, and support Ward International's
(1992) description of the importance of end-use activity in U. S. demand for tropical
plywood. Estimated own price is -1.2, and the elasticity of imports with respect to the
price of substitutes is 15; Chou and Buongiom0 (1983) estimated an own price elasticity
of -2.2 for hardwood plywood imports. Cengel and MCKillop's (1990) estimates of own
price elasticity range from -1.4 to -1.9; their estimate of the elasticity of imports from
Japan with respect to hardboard price is 5.2. The results shown in table 3 confirm that
demand for tropical hardwood plywood continues to be quite responsive to price;in
addition, the importance of substitution--relative prices--in demand for tropical plywood
in the United States is demonstrated.
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Table 3. .Coefficient estimates (t. statistics)

Or

8,0256

(144.09)

a Dorbin-Watson statistic.

81

.1.1573

(-6.66)

Table 4. .Definition of variables

B2

Variable

1,4514

(5.45)

Q
P

Pd

E

B3

Description

0,8293

(3.07)

Ind fh my , ionsquareeet, surfacemeasure.
all-commodity producer price index.
Hardwood plywood and related products price inde den t d '
conmiodity producer price index.
index of end-use activity, constructed from an index of the real al f
private construction, themdexoftotalmanufacturin roductio d h
index of funtiture production.

R2 D. W'

0.83 1.37
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Figure I--Real prices of tropical and temperate
lumber in Japan, 1970-91
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Figure 2--indexes of real prices for hardwood plywood imports
and domestic hardwood plywood, United States 1970-92
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Source: Ulrich (1990) and Us Bureau of Labor Statistics

~'~Import unit value ~>1<~ Domestic

1990



United States Trade in Forest Products:

Trade with Tropical Countries and Trade in Tropical Products

Abstract

Data on the value of United States imports and exports of forest products 1985-91 are
summarized, with particular attention to imports of tropical timber and forest products trade
with tropical countries. Long-term trends (1950-90) and preliminary data for 1992 are also
reported. Forest productstrade data is grouped in two broad categories solid wood and pulp
and paper, and sixteen commodity groups within these broad categories. Commodity groups
are based on the Harmonized System commodity trade classification. Patterns and trends in
the value of Us forest products trade with tropical countries reveal that trade in secondary
products and pulp and paper products now accounts for half of Us imports from tropical
countries. In addition, tropical countries representimportant markets for Us producers with
total Us forest products exports to these countries valued at 3 billion dollars in 1992 and net
trade valued at 1.4 billion.

Dayid I Brooks

27 January 1992

Introduction

This reportsummadzes Us trade in forest products focusing on Us trade in tropical timber
Us trade with tropical countries, and Us trade with countries that are members of the
International Tropical Timber Organization qnO). The International Tropical Timber
Agreement (nTA) runited Nations 1984) is a multi-national commodity trade agreement
whose central objectives are to support and promote conservation of tropical forests through
sustainable management, utilization, and trade in tropical timber. When established a decade
ago, TFTA identified countries as either producers or consumers of tropical timber and
focused attention on trade in tropical logs and primary products manufactured from non-
coniferoustropicaltimber. Primary productsinclude logs, sawn wood veneer and plywood.

Renewal of the TFTA must take into consideration the complexity of forest products trade
linkages among tropical developing and temperate developed countries. Issues that must be
addressed include shifts in tropical country exports from primary products to "secondary"
products that include a wide variety of manufactured goods and the increasing importance
offorest products imports by tropical countries. Recent data on United States forest products
trade illustrates these issues.

Compared to Japan, Taiwan, Korea, and the European Community the United States is a
relatively unimportant participant in markets for tropical timber; tropical timber is a minor
component of Us consumption of industrial forest products. Nevertheless Us imports of
tropical timber products are significant in terms of value - more than 600 million dollars in
1991. interms of the value of trade, however tropical countries are more important as



markets for Us exporters of temperate forest products than as sources of su I for Us
consumption. This report provides a broader context for understandin United Stat trad
in tropical timber and forest products trade with tropical countries. Pattern d
trends in trade reflectthe increasing complexity of the United States role in tro 'colti b
production and trade.

Data sources and methods

Official Us trade data is compiled and maintained b the Us De art t f C
cosDOC); all data used in this report is taken from UsDoc computer records. D ta
summarized in this report covers the period 1985-91. individual coinmodit data
aggregated by commodity groups and groupings of trade partners. For 1985-88 data '
UsDoc estimates of the correspondence between HS coinmodit cod d I'
classification of Us commodity trade CTSUSA). Although this correspondence ina hav
errorsassociatedwithindividualcommodities the correspondenceisreason bl f
broad aggregates such as those listed in table I.

Solid wood products are defined as allcommoditiesin chapter 44 of the HS (Us Int ti al
Trade Commission 1990); pulp and paper products are defined as commodities in cha to
47 and nearly allcommoditiesincluded in chapter 48. Commodities in cha tor 44 f h' h
a tropical timber componentis explicitly identified were selected usin 6-di itHS cod d
aggregated to display trends in tropical timber imports. Although tro icaltimber data
extracted for 1985-91, UsDoc estimates of the value of tro icaltimber i rts
1989 did not appear reliable. Only data that was collected using the HS codes (1989-91)retained.

Us forest products trading partners were grouped into three categories: rFTO roducer
countries (those producing tropical timber), InO consumer countries, and all other
countries. InO countries are shown in table 2; trade with any country not shown in table
2 ismcluded in the "other countties" grouping. In more aggre ated coin ilati Us trad
with antsopicalcountries, temperate countties and selected individualc t' al
reported. Tropical countries are defined as countries with si rimcantar th
zone.

Background

Production andtradeinindustrialtimberproductsisgenerall reco nized as I f
many factors influencing tropical deforestation (Repettoand Ginis 1988). Nevertheless trade
in tropical timber has come under increasing pressure in the past decade (Vincent 1990).
Changes in timber management practices havebeensuggestedasameansofreducin ts
of industrial timber production on tropical forests. these methods however are I'k I to b
more costly than current practices. Increased costs, if reflected in coinmodit rices (as
should be expected), will limit markets for tropical timber products and ultimateI limit the
role of tropical timber in providing revenue and incentives for maintainin tro 'cal f
(Barbier and others 1992a, 1992b). Sustainable forest sector development and trade r uires
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integration of environmentally benign timber production, efficient processing and effective
marketing.

Prospects for supporting sustainable management of tropical forests through intervention in
trade are complicated by competition among producers of tropical timber, and competition
between tropical timber^Id substitute productsthatincludetemperate timber, and non-timber
materials (Barbier and others 1992b). The effects of trade policy measures on management
of tropical forests can only be understood through information on trade and use of tropical
timber products. In turn, developments in trade and use of tropical timber products can be
understood only within the broad context of the forest sectors of both producing and
consuming countries. Two specific developments that must be examined are the importance
of tropical country trade in pulp and paper products, and shifts in the composition of tropical
timber trade toward secondary (more highly processed) solid wood products.

Pulp and paper products represent a considerable and increasing share of the volume and
valueofworld forest products production, consumption and trade. Although production and
exports of industrial products from tropical forests is predominantly in solid wood products,
tropical countries are producers - and exporters - of small quantities of fibre products.
Tropical countries are also consumers of pulp and paper products, and must rely to a large
extent on imports to satisfy consumption (Food and Agricultural Organization 1992). The
need to satisfy domesticconsumption requirementsisincreasing the importanceofproduction
and trade in pulp and paper products for tropical countries. At the same time, efficient
production processes capable of complete utilization of harvested raw material are arequisite
of global forest sector competitiveness. Integrated solid wood and pulp and paper
manufacturing typically contribute to competitiveness in temperate countries, and eventually
may do so in tropical countries as well. Therefore, an understanding of production,
consumption, and trade in pulp and paper products is a critical component of an
understanding of future industrial use of tropical forests.

Similarly, the effort to maximise economic benefits from production of industrial timber
commodities has led many countries, including a number of tropical timber producers, to
emphasize further processing of primary products prior to export. In fact, promotion of such
efforts is included in TFTA objectives runited Nations 1984). Although the initialscope of
these efforts was to promote production and export of sawn wood or plywood in place of log
exports, a number of countries have progressed well beyond this stage to production of a
variety of shaped, milled and manufactured products. Policy measures that began with
restrictions on log exports to induce sawn wood production now include, in some cases,
restrictions on exports of sawn wood. Any understanding of Us trade with tropical countries
therefore must include recognition of these policy measures and their impact on the mix of
production and exports. Compilations that include only trade in logs, sawn wood, veneer,
and plywood failt o capture an increasingly important component of the volume - and
especially the value - of industrial timber production from tropical forests.
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Overview of Us forest productstrade

Tile United States is the world's leading importer of forest products and the second lead'
exportsr of forest products. Since 1950 trade in forest products has expanded si nificantl
although forest products trade as a share of allmerchandise trade decreased overthis dad.
Forest products now account for roughly 4 percent of Us merchandise imports down from
more than 10 percent in the 1950s. In 1990, import of forest products were 17.7 billion
dollars, up from 1.1 billion (current dollars) in 1950. Adjusted for inflation jin r's
increased at an average annual rate of 3.4 percent over the period 1950-90 (figure I). As
is the case for all merchandise imports, imports of forest products reflect the timin of the
Us business cycle. Forest products imports peaked in 1989, declined in 1990-91 and
increased in 1992 (based on data through October 1992) reflecting the timing of the recent
recession and recover in Us economic activity.

Imports of forest products from Canada account for nearly 75 percent of all forest roducts
imports (table3); softwood lumber, pulp and newsprint account for three fourths of all forest
products imports from Canada. Pulp and paper products account for two thirds of Us
imports from allsources (table 4). UnlikeJapan, where tropical timber accounts for as much
as 15 percent of forest products consumption United States consumption and jin its of
forest products depends largely on temperate zone forests. Softwood species from North
America make up the bulk of Us forest products consumption. Tropical timber accounts fo
a negligible share of Us consumption of logs and lumber and about 4 rcent of Us
consumption of panel products Ovard International 1992). Tropical plywood does account
for halfofUS consumption of hardwood plywood however.

Three tropical countries - Indonesia, Mexico and Brazil- are among the to five su lie
of forest products to the United States (based on the total value of trade) but together
account for only 7 percent(1.1 billion dollars) of the value of Us imports offorest products
(table 3). Forest products imports from antropical countries are 10 percent of total Us
imports of forest products; tropical countries account for 20 percent of Us jin its of solid
wood products.

Imports of primary tropical products -logs, sawn wood veneer and plywood - were valued
at 670 million dollars in 1991 (table 5). These commodities account for less than 5 rcent
of Us forest productimports (table 5), and about 10 percent of Us imports of solid wood
products. Imports of primary tropical timber products peaked in 1985; since 1980 imports
of tropical lumber and plywood have fallen substantially Ovard International 1992). Imports
of secondary ("value-added") products from tropical countries have increased since 1980
Ovard International 1992).

Although smallin comparison to total forest products imports and consumption Us jin us
of tropical timber account for a significant share of imports of specific coinmodit rou s.
For example, tropical plywood accounts for about 80 percent of all plywood jin rts and
more than 90 percent of Us imports of hardwood plywood. Tropical lumber accounts for
half of Us imports of hardwood lumber Ovard International 1992).

Over the past 40 years, Us exports of forest products grew more rapidly than jin rts
increasing to 15.7 billion in 1990 from 190 million dollars in 1950. Adjusted for inflation
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exports increased at an annual rate of 7.7 percent over the period 1950-90 and the most
rapid, sustained expansion of exports has been the recent past (1985-91) (figure I). This
recent increase in Us exports is largely atinbutable to the devaluation of the Us dollar in
1985, but export promotion and efforts to have trade barriers reduced or removed have
contributed to the growth in Us forest products exports. Shipments to three countries -
Japan, Canada and Mexico - account for halfofallUS forest products exports (table 6). As
with Us imports, trade with temperate countries accounts for most forest products exports'
tradewith tropical countries accounts for a somewhatlarger share of exports trial of imports
however. Exports to tropical countries (including Mexico) account for 18 percent of Us
forest products exports (table 6).

Asis the case with imports, pulp and paper products dominate in Us forest products exports.
pulpand paper commodities accountfor 60percent of the valueUS exports to andestinations
(table 7). Five of the sixteen commodity groups -logs, lumber, pulp, packaging paper and
board, and miscellaneous paper manufactures - account for more than 85 percent of total
exports. Softwood logs and softwood lumber account for 30 percent of Us exports and
more than 60 percent of exports of solid wood products.

In 1991, Us imports and exports of forest products were roughly equal in value. Balanced
forest products trade is characteristic of Us recessions and typically results from a sharp
reduction in imports combined with increased exports (see figure I). The expansion of Us
exports 1985-91 and the recession 1990-91 allbut eliminated the forest products trade deficit.
Untilrecently, imports exceeded exports for both solid wood and pulp and paper. In the past
few years (1989-91), however, the value of solid wood product exports exceeded the value
of solid wood productimports, but not by enough to offset netimports of pulp and paper
products. Preliminary data for 1992 indicate an increase in netimports of forest products
based on netimports for both commodity groups (see figure I).

Trade with tropical countries

Figure 2 summarizes recent trends in the composition of Us forest products trade with
tropical countries. The United States is a net exporter of forest products to tropical
countries; over the period 1985-91, the value of net trade in forest products with tropical
countries increased to nearly 1.5 billion dollars from 300 million dollars. This trade surplus
declined slightly in 1992 (to an estimated 1.3 billion dollars) as a result of increased Us
imports; Us exports of forest products to tropical countries continued to increase in 1992
(figure 2). Us exports to tropical countries more than doubled between 1985 and 1991
while Us imports from tropical countries peaked in 1989, declined 1990-91, and increased
in 1992. Shipments to Mexico account for nearly half of Us exports to tropical countries.

Pulp and paper products comprise the majority of Us exports to tropical countries and
produce a trade surplus of 2 billion dollars (figure 2). In 1991 and 1992, nearly 80 percent
of the value of exports to tropical countries was accounted for by pulp and paper. Packaging
paper and board, pulp, and miscellaneous paper manufactures (in decreasing order of
importance) account for most Us pulp and paper exports to tropical countries. In contrast,
solid wood products comprise the bulk of Us imports from tropical countries. Plywood is
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the single most important commodity group. Netimports of solid cod
tropical countries were valued at 700 million dollars in 1991.

Imports of tropical primary products account for onI one third f th al
productsimports from tropical countries and halfo the valueof I'd cod
from these countries. Fiber products and secondary products re resent th
valueofUS forest productsimportsfrom tropical countries. I f
countries (Asia and Europe) account for nearly 20 percnet of the value of Us '
tropical primary products.

The pattern of United States trade with TFTO producer countries d'ff f
antropicalcountries. ThemOStnoticeabledifferenceisinte f :
States is a netimporter offorest products frm InO producers (fi ure 3). N 'h I
exportsofforestproductstolTTOproducercountrieshave rownstead'I d bl' '
1985 and 1991. As with Us exports to antro icalcount' d
deadnatoins- pulpandpaperproducts account forthe ina'ont of ex rt I
countries (figure 3). Exports of forest products to InO producer countri
30 percent of Us exports to antropical countries in 1991.

Primary tropical timber coinmodiities account for on halfofth al f
forest products from TFTO producer countries (figure 4). Im its of I d
represent a significant component of Us imports from InO roducers - b 25
of the total value fo imports. Pulp imported from Brazilacco t f th
and nearly the entire value of Us imports of pulp and a r fr 'cal
Seocndary solid woodproducts, including avariety of manufactured cod
25 percent of the total value of Us imports from rFTO producers and b
valueofsold wood imports. Since 1985 more than halfofthe th ' th
importsfromTFTOproducercountriesisaccounted forb second I'd
and pulp and paper products.

products from

Summary

Patterns of trade with tropical countties - and InO producers in amCUIar - lI
the importance of pulp and paper products, and (2) the importance of second od
Imports of pulp and paper products account for about 25 percent of Us ' f
producer countries. Evenmoresubstantial however are Usex rt f I
tropical cuntries; exportstothesemarketsarenowvaluedatmoreth 2b'11' .
Us forest productimportsfromtropicalcountriesarestill red I '
products; however, the composition of importsischangin . Second od
account for one third of the value of Us imports of solid wood rod f
countries; between 1985 and 1991this commodity group's share of jin rts '
percent.

Commodities that were the original focus of the rFTA now account f
the value of Us imports from TFTO producers and othe rtro ical c t' .
notinclude the value of manufactured goods such as furniture i h' h
significantmaterial. Between 1985 and 1991 the valueoffumiturei f
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countries increased five-fold, and in 1991 were valued at 400 million dollars. TFTO
producer countries accounted fro more than halfofthis trade. Over the past decade tropical
countries have significantly changed the composition of forest-based industries and exports,
diminishing the importance of primary products. At the same time, the distinction between
"producer" and "consumer" countries has blurred as the tropical timber producing countries
have increased their imports of pulp and paper products. United States trade with tropical
countries reflects these changes. The changing pattern and composition of trade requires
careful consideration of the appropriate scope and structure of commodity trade agreements
designed to influence resource management.
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Tabi. e I. --Coinmod, .ty groups and Harmonized

Commodity group

SOL, .a vood

Logs and chips
Hoop, ,o0d and wood woolb
SLeepers and sawn wood
Veneer

Shaped woodc
Particl. eboard and fiberboard
Plywood
Frames. COOLS, etc.
Joinery, Incl. . door's
Tableware, marquet, :y,

PULP and paper

PULPa
Newsprint
Printing and writing paper
Sanitary paper
Packa trig paper and board
titsce Laneous manufactures'

HS codes'

System codes

Trop, .Cal. t, .riberf

TropicaL logs

Tropical sawn wood

TropicaL veneer
Tropical PI. ywood
Ocher plywood

4401 4403
4404 - 4405
4406 4407
4408
4409
4410 - 441.1
4412
441.3 - 441.7
441.8
441.9 . 4421etc .

a Each group incl. udes a, .L commodities with the indicated 4-digit or 6-digitprefix.

Tncl. udes poLes PILLng, pickets, and materials SUI. tabLe for f thmanufacturing.

Tncl. udes floori. rig, ino1. ding and SIdi. n
TncLudes waste paper.

Includes coated and decorated paper
include printed material. .

Data for these commodities are aLso

4701
4801.
4802
4803
4804
4811

C

4707

d

481.0
4823

440331, 440332
440333, 440334
440335

440721, 440722
440723

440820
441.2, .,.
441.212, 441,219

441229, 441299

envelopes, boxes, etc. , but does riot

included in the broader groups .



TabLe 2--I:TTO member country groups'

Consumers (27)

Australia
Anser I. a

Bel. glum
Canada
Chi. na
Denmark

^^^;^;,^
France

Germany
Greece
Tre, .and

Teal. y
Japan
Korea (South)
Luxembourg
Nepal
Netherlands
New Zeal. and

Norway
PortugaL
Sovi. eC Union

Spatn
Sweden
Swl. tzer, .and

Producers (23)

Bolivia
Brazil
Cameroon
Colombia

Congo
Ecuador
Gabon
Ghana

Guyana
Honduras
Tndi. a
Tndonesl. a

TVory Coast
Liberia

Malaysia
Panama

Papua New Guinea
Peru

Phil. ,. PPInes
ThatLand

Uni. ^ed Kingdom
IUni. ted statesl

' Data for Uni. ted States trade with any country not Li. SLed here I. s I. ncl. uded I. n
the "Ocher countrl. es" group.

Togo
Tnni. dad and Tobago
Zaire



T. b, .. 3--Un, .t. a SL. t. .. I. q, ort. o2 for. .t

Sourc.

TTTO produe. r.
ITTO eon. o. 2.
orb. r countr, ..

rot. I.

ZTrO roduc. r.Mr^e. 7 752 1.0 , 529 14,065A. ,.. 428 354 476 557 632 4/9L. t, .a Ara. Etc. 291 137 345 875 430,132Subtot. L 727 243 832,961 I 076 61.6

ALL t=CPLe. ,. countr, ..' 1,016,705 I. .217,905 I 556 149

To^. rat. 20n. countr, .. IL, 769,588 12 299 586 1.3 994 875
Maser art, ,. r. :'

CUD. .
radon. .,..
140,160
21.1. ", a
Bra=*L
Subtotal.

1985

Thou. "Id. o2 doLL. r.
727,243

11, 1.37 . 510 11,564,655 13,133,578 14,374 692 ,. 5 535 1.92 15'393'744 1.4' '921,540

,. 2,786,293 13,517,491 15,551 024 17 016 1.08 1.8 057 457 17 66 16,200,657

product. . ,. 985.9L'

1986

G. a. EQL ,.^orb. . C. t. f.
' Incud. . PI. XI. co.
G rho top Z, .v. .cure. . o2 U. S. ImportB In 1991.

Solare. : Err. E. G. .a from U. S. DCpartmont o2 Co^. ECG a t .

1,987

9,398,91.8 9,704,647 10,960 842 1.1 895 487 1.3 229 832 13,030,996 1.2 017 Ile272,295 342 046 442,456 432 593 407,365 455,326 388,507241. 434 31.3 . 660 41.0 958 5.4 790 604 996 415,427 375,969333 685 342 1.42 436,903 483 . 1.57 441,522 447,851 370,505257 236 306 , 1.71. 381. 309 482 let 390. 904 375,330 360 8521.0,503,568 1.1 008 666 12,632 468 1.3,808,218 15,074,619 1.4 724 930 13.51.2,952

1988 1989

14,744 1.0 , 531
643 563 624 , 974
539 388 452 559

, . 1.97, 695 1,088 064

1,787,323 I 777 547

15,228,785 16 279 910

1.90 Log, .

10,687 8,672
701,848 648,321
443,643 441 069

1,156.178 1,098 062

I. ,660,694 1,542 667

16,008,846 1.4 657 990



T. bL. ,--".., toe Bt. t. . ,. prt. o2 20r. .t products by prtn. r 32cop cod 6-Octty 8r", p.
1989 1990 19911988198739861985P. rtn. r Group Co@oat^y Group

Thou. .rid. of doLL, r.

ITTO produe. r. 7,86912 116 4,2402 1702 020I 7362,292Log. cod ch, .p. , 325 5,227 A 5432 372I 283I. 3031,524Boop"cod cod cood "00L 104 732 96 056 103 8741.43 , 154177 1.02101, 9941.22 . 791San, "00d 46 78044 948 35 67854 71147,81840.7,935,682Von. .r
64,50256. ,08 45 1.5453 03047,78336 30335 366Sh. p. a coca 25,20032,219 20 95128 95039,98336 58233 408P. rt, .o1. .to. rd 430 799405. 027 464,983431 013465 622360 320299,502PLy"o0d 45 89637 229 42,98628 84323 21.912 9811.3 , 850Fro. .. tool. . .be. 38 77129 378 38 59043,54335,09727 41.721 849Jotn. ry, trioL. door. 1:5 1.45106 25788 . ,. 5570 00153 36640 51.641 506T. bL". r. , o. 6. 898 631 844,870SOL, .a coca 81, ,537857 877893,293659 901607,770

196 268208,886233 969201,451122,26499,23674 074Pulp 204I 557 o3 579I 532a 785I, 433"". prtnt 5 0985,9062 31.651,2371.3 47315 91.88 349prtnt, .n8 a "=,. t, .,, B pap. r 42 L27a501I 2296119Scott. ry pap. r , 334 , . 81.16 24523,7469, 1.361.3 4355 422Pack. Ing p. pot a boardMt. 6.11. ",. CUB nonuf. ctur. . 46 75738 69730,08659 30135,68740 65430 . 1.96
253,265257,865274 , 1.76339, 81.5183,321173 0891.19 493PULP cod pap. r

ItTo con. @. r. 83,78992,24897 70895,73977 03163,37969,765LOB. cod eh, .p. 6,8206 3951.1 4711.8 71919 1.29,. 0 5739,518Boop, ,cod cod cood "o0L 2 974 397 2 866 000 3,062.1.1. a 2,795,515 2,747,9142 963,6262,888,886San, coca
3.26, 028141, 1011.37 607129 4/4114 37494 56384 917Von. .r
155,337176,403213,27621.2 340256 571164 5741.51 722Snap. a coca 216 537244 388261,7941.77 7091.73 392168,4561.74 023Part, .CIObO. Zd 64 95177 03874,86285,0621.01 77493 2801.01 627Pin. cod 60,16657,99157,39749,57345 SSL34 60827 , 1.05Frame. , tool. ., etc. 254,237269 840252,849230 575224 902245 963230 , 871.Jotn. ry, I'mcL. door8 227,486218 1071.76 . 7 1.3169 4951.46 517,. 37 6861.1.8 . 61.2Tabl. .""., .be. , 1.33 638 4 034,626 4,345,795 4,079,026 3,943,2653 976,7083 857,046SOL, .a coca

2 839 600 2,721,056 2,024,530L 943 1.22 2,382,421I. 490.2L9PULP I. ."48,941 A 642 234 4,458,572 4,154,338, 529 291. A 948,747" 028 348No. .prtnt. 3,989,642 728 331 I 254,368 1,372,435 1,313,667564 864499 287Prtnt. ,. n8 & "r, .t, .rig paper 47L. 355 55 43180,95457 11541. 56233 35931. 304Scottarypap. r 28,873 978 ,. 37 I. 213,084 I. 364,555 I. ,96,402 I. ,388,750732,542Pack. trig paper aboard 592.01.2Mt. co^Ian. ou. manufactures 749,556 951. 123 I. 025 596 I. 031,276 I. ,1.85,264 1,227,322806 . 21.6
8 999 896 10 339,741. ,. 1,189,148 1.1.314,683 10,164,0387 587 . 91.67 280,379PULP and paper

Other countr, .. 23,9351.3 . 055B, 4915,7074 o474 682Log. cod eh, .p. 1,0831,241534984I. 263675Boop"cod cod "o0d "CDL 64 84949 . 55455,47055,65939 55032,606San, cood
13 6178,3826.61.94 757" 433Von. .r

1.14 . 03211.0 4381.1.7 , 0 1.1.87,69570 , 21.661,639Sh. pod cood 23,28430 70537 34136 08932 79525,734Part, .61. .board
89,90611.9 , 474141. , 3241.57 . 6291.43 563133 ,058PLy"o0d 62,26164,96165 22961.80354,63551,468Franca, tooL, , etc. 42,12645,82168,31772,99060 35348 353Jotn. ry. trioL. doorB 249 , 1.06305,50931.1. , 046336 521.260 970239,927Tabi. "are, .be.

648,899754 37581.3 . 1.45821 696672 1.49602. 575SOL, .d coca

75 59190,7978, . 86744 . ,. 4942,99428 , 61.8PULP 7676,98219,97626,7461.2 . 65616 953I. e. .prtnt. 40 61751,34077,79542,75842 1.0021 .441Print, .,, g & "r, .t, .rig paper 41,61956,0497 ,389,8201.5 . 2347,588Scottary paper 51 .12653 68767 28956,06133 1.201.7 . 554Pack. 8,218 paper & board 260 714420,560376,516339,562301,699226,863Mt. c. LL",. ou. manufacture.
,70 434679.41.5630.88L51.9 , 096447,80331.9 , 01.7PULP and pap. r

ALL partnerB 111,964110 0441.22 . 8791.06 . 40084 75869,16276,739LOB. and chips 12,44613 4/317 03721,62521 39613 .139I, . 71.7Boop, o0d and "God "o0L a 207 158 a 064,624 3,216,404 2,939,007 2,916,6373 1.05, 1.70a o44,283Sani cood 169 988196 . 911196,1721.92 , 5071.68 . 811140 . 0691.25 . 032Veneer 307 064354 937380 . 1.22382 381392,049271. 093248 727Shaped "00d 258 896292,872324 718244,000249,464237,833233 , 1.65Part, .eL. board 545 476631, 927599,363657 399725 025597 . 1.63534 , 1.87PLy"o0d 167,056163,2381.59 , 587,. 30 . 573 143 645L02 22492 423FrancB, tooL. , etc. 336 247350 737328,048342,435332,989333 733301 073Jotn. ry. ,. acL. doors 583,533573 ,70570,377550 632536,404439,172400,045Tabi. .". re. .tc . 5 848 627 5 705 648 5,914,707 5,626,556 5,409,3075 308 7585 067 391SOL, .d UDOd

2 1.09 535 2 665 739 3,164,366 3,005,533 2,301,302I 632,449PULP 1,551,633 4 557 569 4,972,302 4,650,773 4,459,339 4,155,2884 044 789No. .prtnt 4,008,028 857 363 I 308 o24 1,418,958 1,332,231621,095557 305Prtnt. ,. rig & "rib, .rig paper 501,145 65 597122 615113,16749 50144,40846 599Scott. =ypaper 36,480 I. 043 334 I 304 11.9 1,424,487 1,551,862 1,435,959779,097Packag, .rig paper &board 614,988 I 326 372 I 461,413 1,481,922 1,484,675 1,500,965I 1.48 569Mt. c. LLar, .ou. manufacturesI. 006.615
9 702 313 3.1 310,437 12,142,739 12,042,982 10,791,3428 208,808PULP"Idp. per 7,718,889

' S. . tabL. I 202 . a. .GZIPt. ,. on Of comaodtt. y groups.

Sourc. : Extract. a fro U. S. D. part"Grit of CourierCG data.



Tab, .e 5--United States tinports
conmod, .ty group, 1.989~91'

Partner

ZnO producer's

group

TTTO consumers

of t, :opl. caL timber products by partner group and

Conunodi. ty group

Ocher countries

Tropical logs
Tropical sa^I wood
Tropical. veneer
Tropical plywood
Ocher plywood
Total.

ALL partner's

Tropical Logs
TropicaL sawn wood
Tropical veneer
Tropical pLy, ,o0d
Other plywood
Total.

1989

Thousands of dollars

5,889 3 , 721
86,200 78 , 81.3
1.5 , 370 21. , 242

331 ,546 383,366
73 , 134 81 .567

51.2 , 1.39 568,709

' General Imports , C .I. . f.

Source: Extracted from U. S. Department of Commerce data.

Trop, .cal logs
T, :Opi. cal. sa^I Wood
Tropical veneer
Tropical. plywood
Ocher PI. ywood
Total

1990

1.34
726

o
5,609

68,224
74,693

Tropical. Logs
Tropical sawn wood
Tropical veneer
Tropical PI. y, ,o0d
Other PI. ywood
Total.

1991

I, 970
89 , 21.0
1.6 , 798

350 1.46
80,626

538,750

4,041
I 1.6 , 268

227
50,960
68,397

1.39 , 893

1.06
503

I, 584
3,479

72,453
78,125

211
1.90

7,200
2,250

62 , 11.9
71,970

1,286
9,686

683
39 700
49,746

ToI 1.01

10 , 063
103 , 1.95

1.5 598
388 , 1.14
209,752
726,722

5 1.14
89,002
23 51.0

426 543
203 766
747 935

573
9,039
I, 1.37

1.8 , 776
29,979
59 504

2 755
98 436
25 136

371. 176
172,725
670 228



T. bL. 6--".,. t. a SL. t. .. "^r. . o2 for. .t products. LOBS-. L'

Partn. r 8.0up

Thou. ", a. o2 doLl. .r.

ITTO produc. =. 387,253 4,1530 509 552 557,922 620,646 718106 830044
ZTTO eon. ^. r. 4,980,382 5,760,382 7,452 739 9,589,704 1.0,917,434 1.1. .775 748 1.1. 742 138
Oth. r countr, ... 1,428,956 I 597 637 2 081. 834 2,810,052 3.1.91,694 3,206,980 a 580 590

rot. L 6,796,591 7,799,549 1.0,044,125 12,057,678 14,729 774 1.5 700 834 1.6 1.52 772

XI. to procuo. =.
At21.0. 1.2, 50511 353 15,324 16,186 13,758 11. 892 12 301
to, .. 172,033 198,476 234,264 279.56 321,679 37,884 399246
L. t, .a An. E. G. 203,867 230,549 259,064 261.780 285209 33, .330 418.97
SI^^CG. L 387,253 441.530 509,552 557,922 620 646 718 1.06 830 044

ALL Grep, .e. L countr, ...' I. ,298,204 I. .368,984 1,713.1.20 2 1.68 200 2 429 1.66 2 574 33, 2 951 978

Ton"r. t. . Bon. countr, .. 5,498,387 6,430,565 8,331,005 10,791,388 1.2.300 608 1.3 126 500 13 200 794

1,686,855 2,073,646 2,788,733 a 51.4 023 , 366 659 , 091. 509 3 829 406
980.4, .2 998,090 I. .228,571 I. 509 483 ,. 629 672 2 601 931 2 792 1.79
537,630 546,431. 727,143 I. 01.5 284 I. 229 252 I. 255 246 I. 484 557
319,612 427,298 565,847 799704 933547 902635 830256
335,629 404 547 490,511 602306 676,135 674,867 722 932

3,860,138 4,450 012 5,800,805 7 440 800 8,835,265 9,526, ,. 88 9 659 330

1,985

,,. or p. =toor. :'
ap",

Canada

6.2n", y
Subto^. I.

I, ., Elec
South 1:0r. .

1986

To^.,. orport. . F. a. . .
me, .ua. . ,,., Etco.

' rho top 21. v. a. .t, .natton. o2 U. S. .xport. ,. n 1.991. .

Sourc. s Ear^E. G. .a fro U. S. Dopartm. nt o2 Con"ergo data.

.

LOB7 1988 1989 1990 1,991



TabL. 7--nutsdst. to. co^rL. o2 20r. .t product. by Farm. r 3.01^ cod co. codlt 1.9
Partn. r 8roup Co@od, .t. y Group' 1985 1986 1987 1988 1,989 1990 1,991

Thou. "Id. o2 doLL. r.ITTO produc. =.
LOB. and ch, .p. 8,139 7,638 5, 848 9 . 1.64 3.0 , 542 24,037Boon, cod & "cod cooL 1.5 23452 218 194 1.07 1.52Sawi cood 1419,662 53313,921 8,862 11,305 14,072 1.7 , 654V. n. .r 25,08023 405 96 363 674 I, 73.0Shop. d food 2. 1.76294 1.88 491 526 51.1Particl. board 647 2001,259 1,380 I 007 I, 773 2,328'ly, ,o0d 4 374 2,5012 888 a 375 3,252 2,797 3 . 1.06 3,201Franc. , tooL. . .be. 4,697I. 490 I. . ,74 I, 813 , , 4/4 ,. 068 4,457Jotn. ry. IncL. door. 5 0602 065 I 664 2,853 3,923 I, 471 2,599TabL". r. , .to. 3,0842,609 2,339 2,888 2,985SOL, .a food 3,596 4,634 3,77928.48L 32 602 27,304 37,357 40,520 63 454 62 344
PULP 1.09 , 350 1.19 551 142 235 1.57 178 1.74 , 959 206 653Non. prtnt. 204,30822,040 29 704 24,547 28,445 36, 1.72 30,078Prtnt, .rig a. "ZILLng pap. r 56,6929,755 7,496 1.0 764 11 81.7 20 995 17 456Santary paper 32,664676 972 I. , 561 I 100 791 781Pack. 81ng pap. r & board I, 0461.50 , 844 1.81 91.5 225,761 244 539 282 532 326,086Mt. C. nonUt. CLUE. . 387.0,666 . ,. 04 69,293 77 377 77 479 64,664 73 . 601.PULP cod pap. r 85,855358 769 ,08,931 482 245 520 558 580 1.13 654 655 767 611

ZnO can't". r.
LOB. cod ch, .p. I, 41.1. 236 I, 380 158 I, 783 052 2,433 028 2,710,183 2. 796 1.95Boop"cod & cood "GOL 2,583,5557,989 9,924 ,. a , 298 1.7 . 1.78 0,365San, "o0d 6.091 6,822603 506 793,208 L, 094 678 I. , 482 207 I. , 621. 375 I. 763 061V. a. .r 1,776 00363, 148 80 514 1.14 764 1.41. 440 1.50 1.91.Sh. pod "o0d 1.90 . ,. 92 1.93 91917 406 1-9 , 700 34,650 44,571. 66,299 1.18 . 521Part, .61.0bo. rd 1.28 51.048,212 56,029 73 896 101.1.43 1.02. 457 ,. 34 . 295PLy"cod 142.1.0960,610 ,. 22, 310 1.66 , 929 207 974 257 , 1.1.5 289,068From. .. tooL. . .to. 22, 47821. , 924 22,000 29 346 29,639 36 740Jotn. ry, theL. door. 60,893 61 88943,602 83,903 86 405 79,697 123 421. 1.54 . 076TabL"are, etc. 158,94446 , 1.41. 48,233 53,789 68 . 91.9SOL, .d "cod 83,443 99,648 105,1832,323 774 2 . 61.5, 979 3,450 807 4,605 796 5,160 589 5. 61.2 040 5. Sei. 41.2
PULP 1301B85 1,607,055 2. 1.20 . 056 2,744 657 a , 31.2 278 3,027,927Non. prtnt. 93462 2,667 0351.44 , 290 1.74 , 087 230,345 261. 100 220,236Prtnt, .rig & "21. t. ,. rig paper 76 837 268,60866,316 85 669 1.1.5 , 025 ,. 53 . 242 213,005Scott. ryp. per ,. 0780 266,83414 . 51.9 1.8 , 786 22, 71.9 19,061 25,129Packaging pap. r & board 596 51.9 49,966705,522 861 71.3 974 . 1.80 1,079 745 I. 369,668Mt. c. Donutact. ur. . 578062 I. , 566 629607 063 74, . 705 897 1.12 931 499 I . 307 , 81.2PULP", apaper 2657545 I. , 542 033a . 1.44 . 765 4,002 016 4,984 038 5,756 925 6,163,777 6,361 105

Other countr, ..
L08. and Ch, .p. 38,657 41,114 66 810 124 245 120,026 1.28 984Boor, cod & "o0d cooL 2 , 1.36 I. . 693 I. , 850 I. , 064 4,313 2, 1.68San, "cod 1.43 365 1.85 . 1.65 234,225 31.3 . 784 428, 939 384 . 643Veneer 9,762 1.6 , 851. 14 ,574 20,568 22,837 20,760Shaped "cod a 527 5,541. 5,002 7,543 7,937 7,529Part, .cL. board 1.5 644 22 692 36,299 59,764 64 . 81.7 77,424PLy"00d 22,800 ,. 9, 367 24,361 43 . 1.84 42,943 70,204From. ., tooL. , .be. ,. I . 221. 23,588 21,685 32,317 36,604Jotn. ry. I. ticL. doors 42,24122,766 L8.854 21,668 39,100 54 .421 54,452TabL. "arc. etc. 25,329 25. 973 31,777 30,553 30,456 31,054SOL, .a coca 295 207 360,838 458,251 672 1.22 813,293 819 459

PULP 377395 433,253 64, ., 326 826,440 878,037 834,760NCU. prtnt. 40809 49,246 38 . 0, .5 71. 856 95 . 31.2 68,277Prtnt, .rig & "rtt, .rig paper 22 699 22,627 32,663 46,328 54 , 087 66, 997Sanitarypaper 6863 5,925 10 , 61.1. 1.5 , 533 12 . 1.03 1.5 . 583Pack. 81ng paper & board 284 468 319,586 428 01.6 530 950 561 324 631,657Mt. c. nanuf. et. ur. . 400524 405,790 472, 9''' 646,696 777 500 770 168PULP", apaper 11,32758 1,236 427 1,623,550 2,137,803 2,378,363 2,387 ,42
ALL partners

LOBS aid chipB L, 458,032 1,428,910 I. 855 71.0 2,566,437Boo^, o0d & cood "o0L 10,177 1.1, 835 1.5 . 342 18,349Sawi "o0d 756,533 992,294 1,337 765 I. , 807 296Veneer 72 933 97,770 129 434 1.62 371Shaped cood 21,227 25,429 40 I, 3 52,640ParticL. board 65 , 1.15 80,101 I'LL 202 162, 680PLy"o0d 86,298 145,052 194 542 253,955Frames. tooLB. etc. 34,635 47,062 52 844 66,370Jotn. ry. ,. ncL. door. 68,433 104 . 421 110,926 122 720
TabLo"are. .tc. 74,079 76,545 88 454 1.02 , 457SOL, .d "o0d 2,647,462 3,009,419 3,936 362 5,315,275

PULP 1788630 2,159 859 2,903,617 3,728 275NG". print 1563/1 223,240 236 649 330 646
Print, .rig & "Littng paper 1.09 291 96,439 129,096 1.73 . 170Sanitarypaper 18319 21,416 30,958 39,352Packag, .rig paper & boardL 031 831. 1,207,023 L, SL5,490 1,749,669Mt. c. manufactures I 044 690 1,082 146 1,292 001 I. 621,287PULP", dpaper 4,149072 4 , 790 1.23 6.1.07 811 7,642 399

See tabL. I for a do. cr, .pt. ,. on of connod, .t. y group. .
Source: Extracted from U. S. Department of Cornerco data.



Figure I--United States forest products trade,
solid wood and fiber products, 1950-92
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Figure 2--United States forest products trade
with tropical countries, 1985-92
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Figure 3--United States forest products trade
with ITTO producer countries, 1985-91

I 400

I 200

I 000

Million dollars

800

600

400

200

1,400

I 200

I 000

o
1985

800

1987

600

Flow and commodity group

I:;^ Exports-solid wood
11:1^I Exports-fiber
^ Imports-solid wood
a Imports-fiber

1989

400

200

1991
o



Figure 4--United States imports offorest products
from ITTO producer countries 1989-91
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Willingness to Pay for Sustainably Produced Tropical Timber

10shua T. Bishop
Camille A. Balm

I.

Qualitative information on consumer demand for tropical timber has been obtained from
recent surveys of consumers and manufacturers in the UK. These surveys also providesomeinformationonwhether dhowmuchco tb '11' Isome information on whether and how much consumers might be willing to pay, over and
above current market prices, for timber products obtained from sustainably managed
tropical forests.

As part of this study, LEEC carried out a survey of timber importers in the U. K. The aim
of the survey was to determine whether firms believe that their customers would be
willing to pay a premium, and if so how much, for the assurance that the tropical timber
products they buy originate from sustainably managed sources. The results of the survey
can be compared to the results of previous surveys carried out by The World Wide Fund
for Narure ONWF 1991), Friends of the Earth (FOE 1992), and Milland Fine Timber Ltd
(MFF 1990), which have led to claims that consumers ore willing to pay significantly
more for tropical timber from sustainably managed forests. Preliminary results of the
LEEC survey appear to contradictthis assertion.

Introduction

October 1992

Methodology

All of these surveys use the contingent valuation method (CV^10 to estimate the demand
for sustainably produced timber. This method involves directly asking people to express
their willingness to pay (WTP) for a benefit, or their willingness to accept (WTA)
compensation for a loss. Estimates of demand based on CVM are therefore not based on
actual behaviour but on respondents' statements of how they would react to a change in
the quantity or quality of a particular good, contingent upon a hypothetical market.

The accuracy of CVM is often questioned as the method can suffer from a number of
biases. 'Hypothetical bias' inherent to all survey techniques is the effect of the difference
between conditions in the real market and the artificial market created by the survey.
'1nformation bias' arises either as a result of providing too little information about the
choices offered or from misleading statements. Another frequent problem is 'strategic
bias, ' i. e. people may not give answers which reflect their true values but will offer instead
strategic answers depending on whatthey think will be done with the information and how
they iniglit benefit from this. There are several ways to test for and avoid these types of
bias in practice.

Notwithstanding these potential problems, properly conducted surveys using CVM can
provide a great deal of information from those who would be affected by a proposed

2.
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policy. While estimates based on CVM are not precise, they do provide an order of
magnitude of respondents' willingness to pay for the benefit in question.

3.

A number of organizations have carried out surveys of the public or of industry in attempt
to determine whether and how much consumers might be willing to pay, over and above
current prices, for tropical forest products originating from sustainably managed forests. A
summary of the results of the different surveys is presented in Table DJ.

Milland Fine Timber (MFT) Limited, currently the sole UK distributor of the Ecological
Trading Company's allegedIy 'sustainable'timber, commissioned The Business Research
Unit to conduct a survey in order to understand timber buyers' purchasing behaviour, the
criteria used in selecting hardwood suppliers, the uses and knowledge of different
hardwoods and buyers' propensity to pay more for sustainably produced hardwoods. 160
UK-based mon, ,I^cmrers operating in a variety of areas including joinery, cabinet making,
and household furniture were interviewed by telephone.

65% of those interviewed were prepared to pay more for sustainably produced tropical
hardwoods (73% of household and office furniture manufacturers; 50% of kitchen cabinet
manufacturers); 26% were not willing to pay more and 9% did not know. Only a third of
those who claimed to be willing to pay a premium were prepared to pay more than 5%
above current prices. The main reasons expressed for not wanting to pay more were that
tropical timber is already too expensive, that customers would be lost, that they could not
afford it, and the concern that increased costs would be passed on to the customer. The
sectors most likely to pay more according to this study are conservatory, household and
office furniture manufacturers and cabinet makers.

Previous Surveys

The World Wide Fund for Nature ON'WF) commissioned MORIto conduct a survey of
public attitudes on tropical rainforests and the environment. A sample set of 2,100
representing all adults in Great Britain (excluding the Western Isles and Orkiiey and
Shetland) were interviewed at their home. One of the main findings arising from this
research was the claim that consumers are willing to pay on average 13.6% more for wood
products if they can be shown to have come from well-managed forests. Furthennore,
one in six consumers interviewed claimed to have stopped buying tropical wood products
because of their fears about continuing forest destruction.

Ftiends of the Earth (FOE), as part of a ampaig, Itargeted at major Do-It-Yourself (DIY)
retail hardware chains in the UK, conducted a nationalsurvey of over 15,000 members of
the PI, bitc. People entering one of the major Dry chainstores (B&Q, Do-It-All, Great
Mills, Sainsbury's Homebase, Texas Homecare and Wickes) were questioned on their
concern over rainforest destruction. 91% expressed a concern and 58% said that if they
knew a timber product came from the rainforest they would not buy it. 83% of those
surveyed agreed with the phrase that shops should 'face up to their environmental
responsibilities and stop selling tropical timber products which contribute to rainforest
destruction. ' People were not asked how much they would be willing to pay for timber
from sustainably managed sources. FOE concluded from these results that the public is

.^

^,

D. 3



concerned aboutthe rainforest and the role played by the Dry stores and that in their own
rather provocative words, 'companies cannot continue to ignore what their customers want'

LEEC Survey of Willingnessto Pay

For this study LEEC conducted a survey by mail of the 83 members of the U. K. Tro ical
Timber Federation's National Hardwood importers Section ' The aim of the surve was to
ask firms to estimate whether and how much their customers would be willin to a over
and above prevailing market prices for the assurance that any tropical timber they bought
originated from sustainably managed forests. The LEEC survey thus differs from revious
surveys in that it does not query consumers directly in order to detennine WIP but rather
elicits manufacturers'perc, :priors of consumer WTP. A 'single bid game' was used i. e.
survey respondents were asked to state the maximum price that they expected consumers
would be willing to pay for timber from sustainably managed sources.

The survey also collected information from firms on their opinion of future trends in the
trade of tropical timber and on how they are adapting to current political pressures on the
trade arising from public concern abouttropical deforestation. Additional information
collected in this survey includes: the area of the trade the respondent was involved in' the
number of employees in the firm;the type of timber imported and the percentage of each
type by volume and by value; major end uses of tropical timber. the ease with which it
was possible to obtain details from suppliers of the type of forest management Gin 10 ed
in producing the timber they supplied; and whether the respondent would stock timber
from both sustainable and unsustainable sources.

4.

The number of responses received to the LEEC survey is still small and more definite
conclusions must awaitthe receipt of additional responses. Nevertheless from the replies
received so far the following preliminary results emerge: a large majority of respondants
(17/24 or 75%) feelthat their customers are not willing to pay a premium for tropical
timber derived from sustainably managed forests. The main reasons expressed for this
were the competitive nature of the industry and the present recession. A minority (6124 or
25%) thoughtthat consumers would be willing to pay between 5 and 10% more. A single
respondent feltthat customers would pay up to 20% more but only for top quality tropical
hardwood; any higher price would lead customers to use alternative woods. Of those who
believed a premium could be levied, there was consensus that this was most likely to be
achieved in the quality joinery and furniture markets and not at all within the construction
industry.

Most respondents saw trade in tropical timber declining at least in volume terms over the
coming years' A movement away from plywood towards further prepared and assembled
products is anticipated. Firms see this as a way of promoting value added products in the

' A copy of the Cover Letter and Questionnaire are appended. Similar forms have
been sent to U. K. joinery manufacturers and U. K. cabinet manufacturers but responses
were not received in time to include the results in this report.
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countries of origin and thus aiding them to fund a long term forest policy and to earn
.

Income.

A number of respondents feltthatthe general public had been misinformed aboutthe role
of the timber trade in tropical deforestation, resulting in an adverse effect on sales.
Generally respondents were sensitive to the problem of deforestation and the need to act
responsibly to secure their position in the market place. Respondents claimed to be
actively expressing their concern througli support for the U. K. Forest Forever Campaign
and TFTO guidelines for the year 2000, requesting documentation confinning sustainable
supply from suppliers, issuing catalogues and mailshots on the issue, etc.

These preliminary results from the LEEC survey are at variance with previous surveys.
They suggest that, in the current economic climate at least, consumers are not willing to
pay a premium for timber products originating from sustainably managed sources. This
may reflect the current recession, the fact that the survey was addressed to manufacturers
rather than to consumers or the nature of the sample.

Conclusions5.

Some of the important points that emerge from these surveys of consumer willingness to
pay for tropical timber products obtained from sustainably managed forests are as follows:

Surveys in the UK indicate that consumers may be willing to pay significantly
more for tropical timber products obtained from sustainably managed forests.
indeed, some consumers have expressed an unwillingness to purchase cmy products
containing tropical timber, due to its perceived impact on tropical forests.

Manufacturers, on the other hand, do not appear to believe that their customers
would be willing to pay as large a premium as the public claims, particularly in the
current recession.

Moreover, manufacturers believe that scope for a price premium exists only in the
quality joinery and furniture markets. 111 markets where tropical timber products
compete largely on price with temperate or non-timber substitutes, such as
building and construction, manufacturers see much less room for a price premium.

.
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Table D. I

Study

Minand Fine
Timber Ltd.
1990

Willingness to Pay for 'Sustainably Produced' Tropical Timber

Foc"s of Survey I Sample Set/ Methodology

Focus: propensity of manufacturers to pay more
for sustainably produced tropical hardwoods

Sample: 160 UK-based manufacturers

Methodology: telephone interview

World Wide Fund

for Nature coK)
1991

Friends of
the Earth
1992

Focus: consumer winingless to pay for tropical
wood productsshown to have come from well
managed forests

Results

65% wining to pay
onp) more

26% unwi"ing to
pay more

9% don't know

Sample: 2,100 members of the British public

Methodology: personal interviews

Focus: consumer concern about rainforest
destruction

of 65% WIP more:

London

Environmental

Economics Centre
1992

Sample: 1,500 shoppers entering 'Do-It-
Yourself hardware stores in the UK

34% WTP 5% more

23% WIP 6-10%
5% WIP 11-15%
3% WTP 16-20%
4% WIP 21-25%

31% don't know

Methodology: personal interviews

Focus: opinion ofUK tropical timber importers
on whether and how much their customers

would be wining to pay forthe assurance that
any tropical timber they buy originates from
sustainably managed forests

Sample: 83 members of the UK Tropical
Timber Federation's National Hardwood
importers Section

13.6% average
winingless to pay
above current prices

91% expressed
concern about

rainforest destruction

Methodology: mailsurvey

58% claimed that if

they knew a timber
product came from a
rainforest they would
not buy it

71% believe that their
customers are not

willing to pay more

25% believe that

customers are wiMing
to pay between 5 and
10% more
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30 July 1992

Dear SirMadam:

Consumers everywhere wantto know more aboutthe productsthey buy. From food to
furniture, consumers increasingly demand to know where the thingsthey use come from
and how they were produced. Lithe case of products made of or containing tropical
wood, this concern reflects increasing attention by the media environmental and
consumer groups to the pace of deforestation in tropical countries.

The London Environmental Economics Centre (LEEC) is an independent research
centre, sponsored by University College London and the international institute for
Environment and Development, a registered charity. LEEC is carrying out a study on
the linkages between the trade in tropical timber and the management of tropical forests.
This study was commissioned by the international Tropical Timber Organization
(ITTO). The ITTO is an affiliate of the United Nations; members include the
governments of most countries which import and export tropical timber.

As part of the study, LEEC is carrying out a survey offirms which sell products made
of or containing tropical timber. The aim of the survey is to determine whether
consumers are willing to pay a premium for the assurance that any tropical timber
products they buy originate from sustainably managed forests. This information will
be used to help the TFTO and member countries to develop appropriate policies
affecting the trade in tropical timber.

Your finn is one of many selected for the survey. We would be very grateful if you
would take a few minutes to fill outthe attached fonn and return it to us in the enclosed

stamped, self-addressed envelope. Any information you provide will be treated in
strictest confidence. Your cooperation is greatly appreciated.

Yours sincerely,

EDWARD B. BARBIER PhD

Director



Questionnaire on Willingess to Pay for Tropical Timber
from Sustainably Managed Forests

London Environmental Economics Centre

July 1992

NAlvre OF ORGANISATTON:
NAlvre OF RESPONDENT:

A. General Information

in what area of the timber trade do you operate?
Please tick (more than one if necessary)

Del oredere agent
Agents acting as principals
importers
Merchants

Manufacturers

in whatindustry does your firm operate?

How many people do you currently employ?

B. Tropical Timber Trade

Whattype of tropical timber do you import?
processed goods).

Can you give the percentage of each in volume tenns if you import more than one'

From which country I specific forest area does your timber originate ?

(e. g. logs, sawntimber, plywood, veneer,
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Do you concentrate on certain species-groups or regions?

if yes, which and for what reason:

species:
.

regions:
.

What are the main end uses of the timber you buy?

What percentage of your timber, in terms of value and/or volume, is imported from
tropical as opposed to temperate sources?

If you purchase direct from overseas suppliers, or from overseas through agents, do you
have difficulties obtaining details of the type of forest management employed in producin
timber?

Whattype of infonnation is given?

Does it refer to:
Please tick

the country as a whole
a forest region
a specific stand

Can you briefly summarise what your firm considers to be the main future trends in your
market for tropical timber ?

D. 9



C. Position on Current Political Pressures AgainstTro icalD f hat'

There has been increasing attention in politicsand themedia to the bl f
deforestation which has been linked to the trade and market for tro 'c It' b
this affected:

your finn

your suppliers

your customers?

How has your firm responded to these concerns?

How do you expect your use of tropical timber to change in the future?

D. Willingness To Pay for Sustainable Tropical Timber Use

Do you think your customers would be willing to pay extra for the assura th t
tropical timber purchased hornyouwereobtainedfromsustainabl mana d ?

If yes, in which markets and 10r for which products?

How much more do you think your customers would be willin to a ofth
that anytropicaltimberpurchasedfi'omyouwerefrom sustainabl mana d ?

O%, 10%, 20%, 30%, 40% 50% or more?

Would you stock timber from sustainable and unsustainable sources and how w Id
distinguish between the two?

D. 10



Optional Questions:

Since it is essential to obtain as much information as possible would you be willing to
provide financial information to assist our study on the value and volume of your sales of
tropical timber?

If so would you please give details of:

I. Your gross turnover

2. Total turnover of timber and/or timber products

3. Total turnover of tropical timber and/or tropical timber products

We emphasis the absolute confidenti@!i^, of@"y information given.

If you are not able to answer in financial tenns could you please answer 2 and 3 in %
tennS.

Please feel free to add any further comments which you consider would add value to our
study on an extra sheet of paper.

D. 11
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Economic Efficiency, Rent Capture and Market Failure
in Tropical Forest Management
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Economic Efficiency and Rent Capture in Tropical Forest Management

As outlined by Hyde, Newman and Sadj0 (1991), public policies influence the
environmental effects of timber forest management through their impacts on:

. the level of privately <07cienr harvests,

. the level of SOCi@11y edictenr harvests when accounting for environmental externalities,

. alternative roy@101, cornr@c! ond concessionolarrangements and their implications for
trespass, high-grading and other environmental losses ' and

. the levelof rein! disr, tb"lion.

The implications are illustrated in Figure E. 1. ' If p is the competitive price for delivered
logs, V is the harvest volume and MC, is the short-run private marginal cost curve of the
concessionaire for delivered logs, then V, is the optimal short-run and private harvest
level. That is, the private concessionaire is concerned only with short-run financial
returns from harvesting and not with the potential long-run returns from the stand or with
any of the 'external' environmental effects of logging. However this level of extraction
V, , is not optimal from a social point of view because it excludes

the 'user costs' of short-run harvesting i. e. the discounted future returns from Ieavin
the residual stand undamaged and growing or through avoidance of high-grading and
other practices that degrade the stand and
any 'external' environmental costs of timber extraction such as watershed de radation
downstream sedimentation, disruptions to nutrient cycling loss of natural habitats
loss of non-timber products, etc.

E. I

.

.

Trespass is a forestry term that refers to losses due to logging theft which could also be extended to
included losses due to graft. High-grading refers to the removal of high-valued timber and Ieavin
degraded timber stand. .

' This example concerns a concessionaire contracting with a forestry rimnistry to extract timber f
public forest land. With modification, the example could easily be extended to describe a forest t'
on private land.



Improved contractual arrangements between the forest ministry and the concessionaire
could ensure that the latter 'internalizes' any additional user costs. Long term contracts
that coincide with optimal harvesting/regrowth rotations could ensure that the
concessionaire has an incentive to take account of these user costs denoted by MC in
Figure E. I. Other arrangements, such as imposing provisions for continuation of short-
term contracts on condition of 'sustainable' practices or even outright sale of the land
could also be applied. If successful such contractual arrangements would ensure that the
concessionaire would attain the optimal long-run harvest level V and harvest less
timber. Finally, if MC3 is the additional off-site environmental costs of timber
harvesting, then these costs can also be 'internalized' by imposing a tax equal to bd on
the concessionaire. ' The result is that the concessionaire now harvests at the socialI
optimal level, V3, which is lower than the private short or long-term level.

As indicated in Figure E. I the concessionaire is making an economic rent equal to a
or pbpjif all social costs are accounted for. The forestry ministry can 'capture' all or
part of this rent through harvest taxes. However, an ad VCIorem (flat rate) tax or royalty
that is a percentage charge on net revenues does not affect the harvest level(i. e. , will not
'move' the concessionaire from V, to V3) but will increase the incentive to high-grade,
trespass and ignore off-site environmental costs. A uniform fixed royalty which is a flat
fee per unit of harvest, does alter the marginal harvest decision but also increases the
incentive to high-grade, trespass and ignore off-site environmental costs on the infra-
marginal land. Moreover, increasing this royalty may actually decrease tax revenues if
the elasticity of the marginal cost curve is greater than one and could reduce harvests
below the socially optimal level, V3. To 'internalize' user and environmental costs cad
capture a greater share of rents would require a more sophisticated combination of
policies of, first, sorting out long-run contractual arrangements and an environmental
'tax' equal to bd as outtined above and second charging a competitiveIy bid lump sum
fee for the right to harvest the stand, equal to pbp, , in order to capture the economic rent
generated at V3.

E. 2 Market Failure and Tropical Forest Management

As explained in the previous section improved contractual arrangements and forest
management policies may improve the incentives for achieving private and socially
efficient rates of timber extraction and trade. Clearly then - the opposite case a lies -
poor design and implementation of policy will have an adverse affect on forest
management. But whatis the root cause of short-run harvesting? In the absence of good
or bad policy prescriptions what are the incentives that drive individuals and firms to
'mine' the forest? Nomlassical economics suggests that market systems are susceptible to
a number of imperfections which - when they occur - will lead producers such as

mis possible that the forestry nitnistry rimght want to impose a single tax to cover both user and
environmental costs, in which case the optin^Itsx would be be in Figure F. I. however Hyde Newinan
and Sadj0 (1991) correctly argue that such a tax does nothing to 'extend' the horizon of an operator after
short. run gains, and would actually encourage high-grading, trespassing and tax avoidance copeciall for
infra-nutginal stenrs and stands.

2
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concessionaries to failto attain private and/or socialI efficient d
cases, the case for policy intervention rest with the underI in f 'I
Policies designed to improve forest managementshould th f
correctionof thesemarketfailures '

Market Failure

Neoclassical economic theory asserts that markets will achi
SOCietalresources given that certain conditions are metin th k
conditions include:

the absence of public goods and commonpoolreso"rces
the absence of errem@!tries (e. g. no non-marketed goods)
perfect information (e. g. no uncertainty or undiversifiable risk)
perfect competition (e. g. no market concentration)

Marketfailure'is saidtooccurwhen theseconditions f I
failuretomeettheseconditionsinvalidatestheba"icassumt' f '
function as an efficientallocatorofsocietalresources. Und h
market will not achieve ap@relo-<@?cienr outcome - it will still be o 'bl
participantin the market better off without causin another t' '
off. Thus, in the case of market failures that lead to sh rt- h
movementtowardsprivatelyandsociallyefficientharvestlevl to '
society better off as a whole. Before indicating a few ofth k f '
inefficientoutcomesin tropical forest management abriefex 't' f
each type of market failure is presented.

Inefficient allocation of natural resources often arise when th
resource or a public good. Both types of resources are non-arcl "
available to allwhowishtoconsumethem. Public o0ds al "
consumption by one user does notimpingeon the quantit or al't f
others' Publicgoodswillbeunder-supplied by themarket h
anyprivateproducerexceed the benefitstheymightobtain. If d
undertaketoprovideapublicgoodallotherpotentialcons I
free - aphenomenon called 'free-riding. ' This situation lead t tal
each producer waits for someoneelse toprovide the ublic d. C U
required to overcome this free-riding that occurs in the market I
goods. Many tasks traditionally undertaken by governments fall' t h
goods such as the provision of defense transport infrastructur d b
totheimpoverished. ' "

Common poolresources, on the other hand are riv@I i. e. ex I'ta ' b
impairstheconsumption of others, When the costofexcludin t ' I
coordinating joint use is high, common pool resources ina be s b' t
exploitation. Open access refers to the unmanaged ex 10itation f
users, Becauseeachusersuspectsthatotherswouldbenefitfrom If-'
restraint, all users rush to consume the resource as fast as OSsibl. R I
approaches to the open access problem stress enforcement of r rt ' h

.

.

.

.
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limits on exploitation and use of the resource. Alternatively, management may be
devolved to local user groups which are often better placed to define regulations or to
administer incentives and dispute resolution schemes than central authorities.

Externalities take the form of costs or benefits arising in a process of production or
consumption which are not reflected in the market prices of the relevant goods and
services. Typically externalities affect third party 'victims, ' who lack the means to obtain
compensation for foregone benefits or imposed costs. Externalities may be positive as
well, in which case a benefitis enjoyed without payment to the producer. Externalities
persist due to the absence of markets in which such costs and/or benefits may be valued
and exchanges made. The ideal response to an externality is to 'internalize' costs and
benefits affecting third parties, so that market prices will reflect the full social costs and
benefits of production and consumption. This may be achieved either by applying the
polluter pays principle or by altering property rights or contractual agreements so that the
negative impacts are incorporated directly into production or consumption decisions.

The neo-classical market model also assumes perfectinformation, but undiversifiable risk
and uncertainty violate this assumption. Risk implies that the relative likelihood of
alternative outcomes is known, while uncertainty is akin to ignorance - it is impossible to
specify probabilities of potential outcomes. Market failure occurs where there are no
mec:hanisms for diversifying or hedging risk, or if absolute uncertainty (which cannot be
hedged) prevails. Under such circumstances individuals and firms will tend to curtail
their investment. Society as a whole, on the other hand, can pool and diversify risk,
which suggests that it will prefer a higher level of investment. Uncertainty and risk thus
drive a wedge between private and social rates of time preference. Potential solutions to
these problems involve investing in information generation, creating markets to hedge
risk, and reducing uncertainty over property rights and their enforcement.

Monopolies, ongopolistic cartels and monopsonies violate the neo-classical assumption of
perfect competition. The lack of competition typically leads to levels of production and
supply below the social optimum, a transfer of welfare to the monopolist or monopsonist,
and a deadweightloss to society. Monopolies or monopsonies in natural resource markets
are often considered benign precisely because they lead to conservative use of resources,
in order to maximize scarcity rents. Tax and regulatory instruments can be used to
ensure that monopolistic scarcity rents accrue to society, although public intervention
more often creates conditions of imperfect competition that dissipate resource rents.

Market Failures in Tro ical Forest Maria ement

Mai'ket failure in tropical forest management can lead to privately and socially inefficient
forest management in several ways.

In the absence of an enforceable system of formal property rights and tenure, forested
land becomes essentially an open access resource from which no one can be excluded.
Even ifan individual wanted to conserve the forest or set it aside for future use another

individual would still be able to intervene and extract timber from the plot for personal
gain. In addition, the risk and uncertainty over the future availability of timber makes it
difficult for an individual to exercise restraint and creates an incentive to maximize short
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term returns by extracting timber immediately. Thus the individual fails to account for
the 'user cost' of timber and exploits the forest in a privately inefficient manner. W'th
the exception of more remote 'frontier' areas of tropical forests very little forested land
exploited for timber is subject to 'pure' open access conditions. However the failur t
design appropriate concession arrangements for public forest lands and irisecurit of
ownership can create similar conditions as the 'open access' situation. That is
concessionaires will make harvesting decisions based on short-term profit-maximizin
decisions and have little regard for the potential for greater future returns from the timb
stand.

If market failures leading to privately inefficient harvest levels are not corrected the
powerful incentive to 'mine' tropical forests is likely to overcome any efforts to ut forest
managment on a socially-efficient footing. However assuming that these failures are
corrected allows a discussion of market failures that 'cause' socialI inefficient forest
management - i. e the presence of public goods, common pool resources and externalities.
and uncertainty over the value of alternative uses of tropical forests.

The market prices of most widely traded timber products typically do not reflectthe
environmental costs of their production. Market prices fail to account for the de radation
or loss of non-timber forest products, indirect use values (e. g. watershed protection or
nutrient cycling), as well as future and non-use values (e. g. option value or existence
values), that occurs during timber harvesting. When such costs are consistently ignored
throughout an industry, prevailing market prices will tend to fall below the socialI
optimal level, leading to excessive exploitation.

The root cause of this problem may be subdivided according to whether or not the
alternative uses are primarily on-site or off-site uses. Logging companies for exam to
may neglect the impact of their activities on local non-timber uses of the forest. This
may occur due to a lack of information on the part of logging companies of the orential
gains from these forest uses. This is in part a result of the lack of transparenc of these
uses due to their subsistence nature. The loss of subsistence value falls outside the
private cost and benefit calculations of the timber firm. Where non-timber products (e. g.
rattan) are of obvious commercial value they tend to be internalized into the production
decision.

The benefits of tropical forests that are realized at a distance from the forest include
watershed values, carbon sequestration the use of biodiversity in biotechnolo and the
existence values of tropical forests. ' Where forest managers lack the means to
appropriate such values, they will tend to ignore them. It is extremely difficultto exert
property rights over the off-site benefits of tropical forests that is it is these benefits are
typically nori-exclusive public goods or common pool resources. The appropriation
problem is made even more difficult in the case of timber concessions where the o erator
has only use rights - not ownership rights. As a result the market provides little incentive

'Existence values are those benefits of a resource that are completely divorcerlfrom the h s' ,I f
the resource.
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for concessionaires to internalize the social costs that may be incurred by the degradation
of these off-site values.

Imperfect competition in the forestry industry can also have important effects on forest
management. Barriers to entry and exit can preventthe most efficient firms from
operating in the industry, thus leading the industry as a whole to extract more timber than
necessary to provide a given supply of products. Inefficiencies in the processing sector
are particularly damaging in this respect, as they directly impact on the scale of timber
exploitation through poor log conversion rates and overexpanded capacity. Imperfect
competition and information may also have implications in terms of failure to improve or
adopttechnologies and forest management practices that minimize forest depletion and
environmental degradation.

In sum, market failure is likely to be a root cause of failure to attain private and socially
efficient harvest levels in tropical timber producing countries. The existence of market
failure is usually cited as the primary justification for intervention in the marketplace
whether in the form of public or collective action. Intervention to redress market failure
may involve regulation, economic incentives or institution-building. An important caveat
however, is that intervention is only justified if the cost of correcting market
imperfections does not exceed the potential welfare benefits. In other words policy
interventions should yield net benefits or else they are not worth undertaking from an
economic perspective.
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Figure E. I Social and Private Harvesting Decisions
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October 15 1992

The following casestudyillustrateshowagovemment onc h
the majority of timber produced by a concession be transformed ' t
undermined by poor transport infrastructure and policies that mat th
sawnwood unprofitable fortheconcession. Aparticularl shiki f
is that the company is attempting to operate the concession follo
management practices, but currentpoliciesand economiccondition h' defforts. gese

In Northeastern Congo, near the borders with Cameroon and th C
Republic, the private foreign-owned company Congolaise IndustrialIe de B ' CIB
operates a concession at Pokola of around 480,000 hectares (ha). Around 300,000 h
the concession has been previously logged oristoo swam to use. Lo
occurred overthepast40years, but with acornparativel small al I
first 20 years' In 1992, the potential timber yield of the reinai 180
estimated to be over 2 million in' (about 10 to 15 in'/ha). CIB is att 't'
this concession on a sustained-yield basis following recommended in
based on a 30-year rotation.

Annual production is currently targetted at about 140 000 in' fl f
species sopel!i, 10% issj^oarid theremainderisa mix of OKs(mainl d h
varieties (e. g. wellg"e, do"ssi, ^). However, in 199110gging wassto ed from th 'ddl
of March to the middle of July due to poor export demand (the loss of the Ea t E
sawnwood market). Total production of logstherefore totalled onI 111,639 ' ' h
40,471m'of the logsexportedand71168m'sawninPok I. Of h I ' 3
of sawnwood were exported and 21,613 in' were sold for use in th C

A high percentage of the concession's log production is sawn int I b b
Government of Congo (GoC) regulation that a timber concession must o er t
on site and that 60% of log production must be processed. However
export conditions, the ability of the concession to conform to thi I
sawnwood at a financial profitis being hindered by high trans rt costs. Th I
from the poor infrastructure in the Congo for transporting timber rod t I
and government-administered transportation charges and taxes (see Tables I and 2 . B
logs and sawnwood have to be transported 900 kin by river and 600 k b I
they reach Point Noire and can be exported. Given the hi h c t fth
river transport service (ATC), the company has often found it chea er to use th '
alternative means of transportation. However CIB cannot avoid

Congo - Case Study of Congolaise Industrielle Des B ' '

Edward B. Barbier

I am grateful to Heriry SIolland Marc Preyost of Tropical Timber SA B"I d I
CIB for assistance in preparing and reviewing the figures resented ' th'



or port duties, and it must rely on the government-run railroad (CFCO) to transport
sawnwood and logs to Point Noire.

Table in shows the actual costs and export values obtained for sopelli exported logs in
1991. Transport costs accounted for as much as 60-65% of the total f. 0. b. costs of log
production. A financial return was possible only if CIB used its own barges or transported
logs as rafts. Low river water and high levels of production during the dry season often
mean CIB must rely on government or private-run barges as alternative means of
transport. As of January I 1992, the GoC raised river transport taxes and freight
charges along with railroad freight fares. Table Ib shows the effects of these cost
changes on CIB's returns, using 1991 average export f. 0. b. unit values. By using rafts
and its own barges, CIB might still manage to make some profit on exporting logs, but
the margins are reduced significantly. Renting other barges becomes even more
unprofitable.

In comparison, Table 2a indicates the actual costs and export prices for sopellisawnwoo
produced by the CIB concession. Although transport costs as a proportion of total .0. ,
costs are lower (e. g. 25-30%) than for logs, this proportion is still substantial. The result
is that exporting sawnwood is unprofitable for the concession. Moreover, the loss is
greatest if transported downriver by the government-run service, and the leastif CIB
transports the sawnwood itself. The higher transport charges and taxes raise the
proportionate share of transportation costs (i. e. to 30-35%) and further increase the losses
from sawnwood exports (see Table 2b). For example, according to Table 2b, average
export unit values would have to rise by approximately 5-15% in 1992 to make
sawnwood exports financially profitable. This is extremely unlikely, as unfavourable
market conditions continue to plague the concession. Log production in 1992 was
targetted at 145 767 in'. However, production has had to be suspended indefinitely due
to falling demand and poor price trends that have made operations unprofitable, given t e
high costs involved.

In sum the regulation requiring CIB to produce 60% of its timber as sawnwood is not
financially realistic, given existing export market conditions and government transport
infrastructure, charges and taxes. The regulation may backfire as a strategy to increase
government revenues and stimulate value-added processing, unless transportation costs for
sawnwood can be drastically reduced through increasing infrastructure investments or
reducing taxes and charges. Out of the four timber concessions recently operating in
Northern Congo, CIB is the only one with operations still in place. CIB may also be
forced out of the export market, particularly for sawnwood, if current trends in transport
costs are not reversed.
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Table F. I Congo - Costs and Taxes Incurred in Transporting Sapelli Logs from CIB's Concession at Pokola

CFA per cubic metre
(283 CFA = us$ I)

ATC Barges f/
Delacour Barges g/
CIB Barges
ATC Rafts f/

CIB Rafts

Beach

Costs

21,000
21,000
21,000
21,000
21 000

ATC Barges f/
Delacour Barges g/
CIB Barges
ATC Rafts f/

CIB Rafts

River Trans ort Costs b/
Taxese/ Frei ht

2,503
2 503

2 503

2 361

2 361

A. Actual Costs in 1991

13,810
13,977
7,700
6,686
7 700

Notes:

Beach

Costs

Total

16 313

16,480
10,203
9,047

10 061

21,000
21,000
21,000
21,000
21 000

River Trans ort Costs b/

RailTrans rt Costs of

Loadin

Taxese/ Frei ht

3 102

3,102
3 102

3 835

3 835

2 656

2 656

2 656

2,758
2 758

Source:

at Costs of harvesting, transporting and loading logs at concession port (Pokola)
b/ Pokola to BrazaviUe, approximately 900 kin.
o1 Brazaville to Point Noire, approximately 600 kin.
d/ Point Noire Port

d River tax and port duty.
f/ Government of Congo River Transport Company
g/ Private River Transport Company

B. Projected Costs in 1992 (After Price and Tax Changes)

Frei ht

14,589
13,977
7,700
7,235
7 700

9 679

9,679
9 679

9,679
9 679

Total

Total

12 781

12,781
12,781
13 514

13 514

17 245

16 633

10,356
9 993

10 458

Loadin

RailTrans rt Costs of

Congolaise IndustrieUe des Bois (CIB).

Loadin

Port Costs d/

7,541
7 541

7 541

7 541

7 541

3,102
3,102
3,102
3,835
3 835

Tax

Frei ht

500

500

500

500

500

12 218

12,218
12 218

12 218

12 218

Total

Transport
Costs

Total

8 041

8 041

8,041
8,041
8 041

Total

15,320
15,320
15,320
16,053
16 053

FOB

Loadin

Total

Costs

37 135

37,302
31,025
30,602
31 616

Port Costs d/

7,541
7,541
7,541
7 541

7 541

1991

Average
Export
Price

FOB

Tax

58 135

58,302
52,025
51,602
52 616

500

500

500

500

500

Total

Transport
Costs

Total

FOB

8 041

8,041
8,041
8,041
8 041

57 553

57,553
57,553
57,553
57 553

FOB

Total

Costs

40 606

39,994
33,717
34,087
34 552

1991

Average
Export
Price

FOB

61,606
60 994

54 717

55,087
55 552

FOB

57 553

57,553
57 553

57,553
57 553
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Table F. 2 Congo - Costs and TareBlncurred in TranBporting Sanelli Sawnwood from CD '. Conee. .ion at Pokola

CFA per cubic metre
@83 CFA = us$ I)

Non-Cantoner
ATC f/

Dejacour 81
Mossimbig/
CIB

Container
ATC f/

Delacour 81
MOBSimbi 81
Cus

Beach
Costs

90,000
90 000

90,000
90,000

River Trans rt Costs b/
TareBe/ Frei ht

2,491 13,978 16,469
2,396 12,094 14490
2,396 11,900 14296
2,396 7,700 10,096

90 000

90,000
90,000
90 000

A. Actual CostB in 1991

Non. Container
ATC f/

Delacour 81
MOBSimbi g/
Cus

Container
ATC f/

Delacour g/
Mossimbi 81
Cm

2,491 13,978 16,469
2,396 12,094 14490
2,396 11,900 14,296
2396 7700 10096

Total

RailTrans rtCOBts of
Loadin Freiht

Beach

Costs

8,993
9,173
9,173
9 173

90 000

90,000
90,000
90,000

River Trans rtCosts b/
Taxese/ Frei ht

Note. :

9,141
9 141

9 141

9 141

2,820 16,919 19,739
2,725 12094 14819
2,725 11,900 14625
2,725 7700 10425

7,979
7,533
7 533

7 533

Total

90,000
90,000
90 000

90 000

B. Projected Costa in 1992 (After Price and Tax Changes)

18,134
18,314
18 314

18,314

9 141

9 141

9,141
9 141

Port CoBta d/

FeeB

at Co. t, Grinrve, ting, Iran, porting and proCC, .ing at conee. ,ion port 00kola). In 1991. fore, I produaion wag halted for 5 month,
and sawmilling for 3 months. During a normal produaionyear. beach co, I. wonld beernund CFA 85 000.
b/ P, *o1a to Breamille. epproxim"ely 900 km.
of Breamille to Point Noire. coproxim"ely coo km
d/ Point Noire Port. Fee. I'dude FOB poll 00.1. and ume. .
d River tax and port duty.

f/ Government orcongo River Tnnspo, t Company
81 Prtv"e River Tnn, poit Company

2,820 16,919 19,739
2,725 12,094 14819
2,725 11,900 14625
2725 7700 10425

Total

2,500
2,500
2,500
2,500

17 120

16,674
16,674
16 674

Sonrce:

Tax

Rail Trans ort Costs of
Loadin Freiht

500
500
500

500

Total

TranBport
Coats

10,831
11,011
11011

11011

Total

2,500
2,500
2,500
2 500

3 000

3,000
3,000
3,000

Congolai" Industrlelle re, Boi. (00).

12,389 23,220
12,389 23400
12,389 23400
12,389 23400

FOB

500
500
500
500

Total
Costs

9,817
9 371

9 371

9 371

Total

37,603
35 804

35 610

31,410

3,000
3 000

3 000

3 000

1991

Average
Export
Price

FOB

12,389 22206
12,389 21760
12,389 21760
12389 21760

127,603
125 804

125,610
121,410

Port Costs d/

Feea

36 589

34,164
33,970
29 770

3 700

3,700
3,700
3,700

FOB

Tax

121,036
121 036

121 036

121 036

126 589
124 164

123 970

1/9 770

500

500

500

500

Total

3,700
3,700
3,700
3 700

Total

Trans rt

4,200
4,200
4,200
4,200

121 036

121 036

121,036
121 036

FOB

500

500

500

500

47 159
42,419
42 225

38 025

Total

Costs

4,200
4,200
4,200
4 200

FOB

1991

Average
Ex ort

137,159
132,419
132,225
128,025

46,145
40 779

40 585

36 385

FOB

121 036

121 036

121 036

121,036

136 145

130,779
130 585

126 385

121,036
121,036
121,036
121 036
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ANNEXG. IMPORTTAIUFFRATES: RECENTCllANGESINSELECTEDCOliNTRIES(%AdValor"in)

CCCN
TariffNo.

44.03

4407

Wood in rough (ie logs) whether
or not roughly squared

Wood sawn lengthwise
sliced or peeled or planed

Veneer4408

Descri tion

4409

44.12

Wood-tongued, grooved,
beadings, mouldings, etc.

Plywood and laminated wood

Packing cases, drums,
pallets, etc.

Builders' joinery and
carpentry

9401/03 Furniture

44.15

MFN
1986

4418

0.0

AUSTRALIAa/

25 15

GSP

Source:

Notes:

5.0

MFN

0.0

from Bourke (1992a) based on Country tariffschedules; Bulletin International des Douru, es. Prepared June 1992.

CCCN = Customs Cooperation Council Nomenclature
MFN = Most Favoured Nation; GSP = Generalised System of Preferences
C = coniferous; NC = non-coniferous

at Preferential agreements exist for some countries or regions in addition to the GSP.
Rates are being reduced gradually up to 1996.

b/ Lower rates for USA.

of For tropical genera the rate is 0-2.5%; for coniferous products the rate is 0-4.9%
Finger joint is subject to a higher rate.

d/ Coniferous plywood quota = 650000 in3. Overthe quota a 10% duty applies.
The quota is not allocated to specific countries.

U Quantitative restrictions also exist.

15.0

1992

0.0

28.0

10.0 C

5.10 NC

5.0

GSP

15.0

15.0

MFN

5.0 C
5.0 NC

0.0

10.0

0.0

1986

30.0

0.0

15.0

0.0

CANADAb/

GSP

0.0 C
1.3 NC

5.0

10.0

t201

10.0

na

MFN

na

6.8

5.0

1992

15.0

0.0

15.0 C
9.8 NC

15.0

na

GSP

na

0.0

5.0

10.0

00

10.0 C
9.0 NC

10.0

0-15

MFN

0.0

1986

15.0

0.0

15.0 C

8.9.2 NC

15.0

0.85

GSP

4.3

EEC 81

12.5

6. I

62-125

100 C

5.6 NC

10.0

MFN

101

3.6

1992

15.0

G. I

0.0

110.41

101

0.8

0-49 of

GSP

6.9,7.5

0.0

10.0

4.6

2,691

ton

t01

3 4 C

2.5 NC

10.0

5.6,6.3

00

101

ton

4.9,7.5

0.0

0.0

101 d/

101

3-6

00

5.6

101

101



ANNEXG. IMPORTTARIFFRATES:RECENrCllANGESINSELECTEDCOUN'ERIES(%AdValor"in)

ccCN
Tariff No.

44.03

4407

Wood in rough (ie logs) whether
or notroughly squared

Wood sawn lengthwise
sliced or peeled or planed

Veneer44.08

Decori lion

44.09

44.12

Wood-tongued, grooved,
bondings, mouldings, etc.

Plywood and laminated wood

Packing cases, drums,
pallets, etc.

Builders' joinery and
carpentry

94,01103 Furniture

44.15

MFN
1986

4418

0.0

JAPAN

0-10 C d
10 NC

15.0

GSP

Source:

Notes:

0.0
5.0

10.7.51

MFN

from Bourke (1992a) based on Country tariff schedules; Bulletin International des Do uruies. Prepared June 1992.

CCCN = Customs Cooperation Council Nomenclature
MFN = Most Favoured Nation; GSP = Generalised System of Preferences
C = coniferous; NC = non-coniferous

d In contrast to other softwoods some of the main North American species are free of duty.
f/ Planed 100); Other 10(5)
g/ Lessthan 6mm rate = 15%; more than 6mm rate = 10%;laminated 15([0])
h/ Windows/doors rate = 0%; shutter rate = 3.9%
it Sanded finger joint rate = 16%; some species including Radiata rate = 0%
- No preferential rate.
U Quantitative restrictions also exist.

7.2

1992

0.0

15 C
17 20 NC

4.2

4.8-8 C of

0.10 NC f

5.0

GSP

00

25.72

0.0

101

12.51

MFN

48.8 C
4.8-10 NC

10.15 g/

1986

0.0

0.0

48

NEWZEALAND

10.0

t01

GSP

3.4,10

0.0
0.0

30.0

tor

0.3.9 h/

MFN

0.0

20.0

1992

0.0

0.0

0.0

20.0

na

35.0 NC

O 10

7.5 Cit
0.8 NC

7.5,16 C
7.5,16NC

8.13 .5

GSP

t01

10.0

101

na

25.0 NC

00

20.0

0.0
0.0

O 13
O 12

0.10

MFN
1986

40.0

0.0

12.5,16

10.0

0.25

GSP

USA

16.0

22.5

0.0

10.13

14.5

MFN

101

0-25

1992

13.0

G. 2

17.0

0.0

20.0 C

369.5 NC

0-17

10.0

0.0

00

GSP

13.5

0.0

00 C

0-8 NC

00

0.8

0.0

2.8-5.8

200 C

8.0 NC

10.0

00

101

517.5

0.0 C

0.0 NC

5.0

25.66

0.0

0.0



ANNEXG. IMPORTTARIFFRATES:RECENTCllANGESmSELECTEDCOliNIRIES(%AdV I

CccN

Tariff No.

44.03

4407

Wood in rough (ie logs) whether
or not roughly squared

Wood sawn lengthwise
sliced or peeled or planed

Veneer4408

4409

44.12

Wood-tongued, grooved
beadings, mouldings, etc.

Plywood and laminated wood

Packing cases, drums,
pallets. etc.

Builders' joinery and
carpentry

9401/03 Furniture

44.15

44.18

Brazil 7

1991

Source:

0.0

from Bourke (1992a) based on Country tariffschedules; Bulletin International des Douruies. Pre ared Iu 1992.

CCCN = Customs Cooperation Council Nomenclature
C = coniferous; NC = non-coniferous

Members of the ASEAN group (Indonesia, Malaysia, Philippines, Singapore and Thailand) rant
special rates to other members. For example, Malaysia grants a 20% exemption from jin ort du
on products in Categories 44 and 94, and full exemption for many items in Categ0 47.

y Many rates are programmed to fall in 1992.
k/Additionaltaxes areappliedtotheserates-e. g. customscollectsdomestictaxesduri rin' :
PVT=(CIF+importduty, /I-prtxpvtrate) '
ICCT =(CIF+import duty/I-icct x icctrate)

There are also foreign eXchange controls.
M Programmed reductions to 1994.

in/ Above 127,000 in3 quota 9% duty applies.
n/ Someproducts also subject to sales tax of 10%. Countries may differ. in some cases hi her rates I .
- No preferential rate.
U Quantitative restrictions also exist.

China k/

1991

10.0

Notes:

10.0

3.0

10.0

9.0

100

1986

12-30

Indonesia

15.0

100

40.0

10.0

0.0

25, 40

15.0

20.0

20.0 C
10-20 NC

30.0

1991

60.0

0.0

50.0

15.0

30.0

1986

20.0

800

Korea V

20.0 C

10.0 NC

20.0

,

20.0

30.0

30.0

1992

20.0 C
10-20 NC

30.0

50.0

30.0

I .5

30.0

171 in/

30.0

1986

40.0

Mala

7.0

20.0

sia n/

?

9.0

G. 3

20.0

40.0

150

1991

50.0

O 45

20.0

9.0

25.0

20.0

90

25.0

0.25

9.0

25.0

25.0

25.0

25.0

55.60

25.0

25.0

400
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I. Introduction

Concerns abouttropical deforestation have led to an increa ed f
trade in promoting forest depletion and degradation. Rec t
increased in tropical deforestation in the 1980s with the overall d1980toi. 2%in 1990(D, ,b, ,, 1991). However, thed, f ' "in
regions, with an estimated annual rate for Latin America of onI 0.99'forAfricaand1.4%forAsia P i o

Despite concern over the state of tropical deforestation and 't I'
welfare, several recent studies have indicated that the tro i at t' b
direc! cause of the problem - perhaps less than 10% of t tal d f
conversion of forests for agriculture is much more significant(Amelun 1991. B
1992;BinkleyaridVincent1991;HydeandNewmani99i). N hi " ' '~
currentlevelsoftimberextractionintropicalforests-both d
of reforestation(WR11992). Lessthanonemillionhectaresout f e
areaof828millionhectaresofproductivetropicalforestin1985 ^
management fortimberproduction(Pooree!@1,1989). Mor ver t' b "
ina, jor indirecr role in promoting tropical deforestation b o n'
forest, which then allows other economic uses of the fore t h
to take place (Amelung 1991; Barbier er o1. 1991). For exam Ie,
countries, around halfofthe areathatisinitially 10 ed is s b I
thereislittle, ifany, deforestation of previously unlo edforetedi d ' "
Some of the environmental values lost through timber ex I 'tat'
watershedprotection, non-timberforestproductsrecreationalal '
populations in the countries producing the timber. Concerned d
tropical forest countries should therefore determine whether th b f
these environmental values into decisions affecting timber ex I 'tat' b
reduced timberproduction andtrade aswellasthecosts f' I "
socially optimal'leveloftimberexploitationandtradeison h h fj
environmental costsofloggingtheforestsare'internalized'in d "
feasible. Designingpoliciestocontrolexcessiveforestde d '
requires careful attention to harvesting incentives. As recent revi
policies do not even begin to approximate the appropriate incentive ' ed
socially optimal leveloftimberharvesting. More often than t "
institutional policies for forestry actually work to cre@!e th d"
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harvesting by private concessionaires, - and in some instances, even subsidize private
harvesting at inefficient levels. ' Over the long term, incentive distortions that understate
stumpage values and fail to reflectincreasing scarcity as old growth forests are depleted can
undermine the transition of the forestry sector from dependence on old growth to secondary
forests and the coordination of processing capacity with timber stocks (Binkley and Vincent
1991).

Increasingly the world's tropical forests, including their remaining timber reserves, are also
considered to provide important 'global' values, such as a major store of carbon and as a
depository of a large share of the world's biological diversity (Pearce 1990; Reid and Miller
1989). Similarly, even some 'regional' environmental functions of tropical forests, such as
protection of major watersheds, may have transboundary spillover effects into more than
one country. But precisely because such transboundary and global environmental benefits
accrue to individuals outside of the countries exploiting forests for timber, it is unlikely that
such countries will have the incentive to incur the additional costs of incorporating the more
'global' environmental values in forest management decisions. Not surprisingIy, sanctions
and other interventions in the timber trade are one means by which other countries may seek
to coerce timber producing countries into reducing forest exploitation and the subsequentloss
of environmental values. In addition, trade measures are increasingly being explored as part
of multilateral negotiations and agreements to controlexcessive forest depletion, to encourage
'sustainable' timber management and to raise compensatory financing for timber producing
countries that lose substantial revenues and incur additional costs in changing their forest
policy.

However well-intentioned they may be, both domestic and international environmental
regulations and policies that attemptto 'correct' forest management decisions may have high
economic, and even 'second order' environmental, costs associated with them (Barbier at o1.
1992). There is increasing concern that the potential trade impacts of environmental policies
that affect forestry and forest-based industries may increase mefficiencies and reduce
international competitiveness. Moreover, the trade impacts of domestic environmental
regulations may affect industries in other countries and lead to substantial distortions in the
international timber trade. The overall effect on the profitability and efficiency of forest
industries may be to encourage forest management practices that are far from sustainable .
Careful analysis of both domestic and international environmental policies affecting forest
sector production and trade is therefore necessary to determine what the full economic and
environmental effects of such policies might be.

The following model has been developed to facilitate analysis of the impact of policy
interventions, market structure and transfers on a timber-exporting tropical forest country.
The main focus of the analysis is on how these impacts relate to the country s decisions to
produce timber, or processed goods that are based on timber extraction, and thus the rate of
tropical deforestation. The modelis similar to the one developed by Rauscher (1990), but
it differs in two important respects. First, timber products can either be exported or
consumed domestically, and the export earnings are used to import domestic consumption
goods from abroad. This facilitates analysis of the Irode diversion effect to domestic
consumption of a policy intervention in the international timber market. Second, it is
assumed that the tropical forest has positive stock ex!ernolities in the form of watershed
protection genetic diversity, microclimatic functions, etc. which directly affect the overall
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welfare of the country. The analytical results derived from the model are clearly affected
by this assumption that the forest stock has some direct social value in addition to its use a
a timber resource.

The modelis simplified in some important respects. Domestic capital accumulation and an
tropical reafforestation efforts are not modelled and no other production or trade sectors ar
included, as this would complicate the analysis withoutproviding deeper irisi htsinto the r I
of timber trade policy interventions in tropical deforestation. Initially it is assumed that th
country is a price taker in the international timber market and that trade is balanced. Later
in the analysis we relax these assumptions to allow for market power and foreign asset
accumulation (or debt). We also expand the positive stock externalities to include
transfrontier global'services', such as the role of

2. The Basic Model

For the basic model, the following variables parameters and functions are defined:

N(t) tropical forest stock

q(t) tropical timber logs extracted or commodities produced Cog-
equivalents)2

tropical timber logs/products exported (log-equivalents)

domestic consumption of logs/products

consumption of imported goods

regeneration function of tropical forests

deforestation rate, per unit of (log-equivalent) timber extracted

terms of trade, PIP,

x(t)

q(t) - x(t)

co

g(N(t))

a

P

6

Notation is simplified by omitting the argument of time-dependentvariables b re resentin
a denvitive of a function by a prime, by employing numbered subscripts to indicate partial
denvitives of a function, and by denoting the time denvitive and growth rates of a variable
by a dot and hat, respectively.

The tropical forest country is assumed to maximize the present value of future welfare W

social rate of discount
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Max W

q, x, c

subject to

co

I U(q - x, c, N) e~" dt
o

px = c,

N = g(N)- aq,

N(0) = N, and Iim N(t) ^ 0,

Nom > N""" > 0, g(N") = g(Nom) = 0, and g"(N) < 0. (5)

The controlvariables of the modelare q x and c. The additiveIy separable utilit function
U edthhd " 'U, is assumed to have the standard properties with respect to its partial denvitives U- > O
Un < 0 (i = I, 2,3). Equation (2) is the initial trade balance assumption. Equations (3) to
(5) are the standard renewable resource constraint, which suggest that any deforestation due
to timber extraction net of regeneration will lead to a decline in the tropical forest stock.

t+o0

3. Optimality Conditions

The Hamiltonian of the above optimal control problem is

H = U(q - x, px, N) + Are(N)- aql,

where )\ is the costate variable or the shadow price of the tropical forest.
interior solution, the maximum principle yields the following conditions

(1)

A = (6 - g'))\- U, , (9)

where U, = aU/a(q-x), U^ = aU/ac and U, = aU/aN. Equation (7) indicates that, along
the optimaltrajectory, the marginal value of extracting one unit of timber (in terms of
domestic consumption), U, , must equal its marginal depletion cost, Aa. Since extraction
costs are zero in the model, the latter costs are user cosis the future stream of timber income
foregone from extracting a unit today. Equation (8) indicates that, if international terms of
trade are given, the relative marginal value of domestic timber to imported good consum tion
must be equated with the terms of trade, p. Finally, equation (9) yields a standard renewable
resource dynamic condition for denoting the change in the value of the tropical forest stock
when that stock also has direct value as represented by U . As this condition is jin onent
for the analytical results of our model, we state its interpretation formally as

Uj = Aa,

(2)

Uj = pU2,

(3)

(4)

Assuming an

(6)

(7)

4

(8)



Proposition I

The rate ofcho"ge in !he shadow price ofihe !ropic"libres!, );, d
d;@"ore"ceberween!he opportunity cosiqfhojdj"gonto, ,, j, ^^^-, h' , y ethem@rgt"o130ciolv@meofZh@!,,"i!, 03. ' ""

Since the Hamiltoniariis concave in (q, x, c, N) the above conditions I
an optimum. By combining equations (7) and (9) one obtains

where", is the elasticity of marginal utility, U, . Utilizing(10)andc d't' 3 , , ,
(7) and(8), onecansolveforanoptimalsaddlepathandthelon 'I' ' ' '
system is in equilbrium when the user costs the fellin t d
consumption andtheforeststockareconstant thee uilibri b
followingsystemofequations '

Uj~pU2 ' 0,
(11)

(6 ~ g')U, - aU, = O for q=x=o (12)

g(N*) - aq* = 0, for N=O
(13)

where theequilbrium values ofN and q are denoted b asterisk . T I
system of equations (11) - (13) with respect to (q, x, N) can lead to char t
equilibrium state and trajectories leading to that state. It b d
determinant D of the Jacobian matrix of above s stern must b
to be a uniqueequilbrium in (q, N) space;i. e. ,the requirement for the =
positively sloped and to cut the curve I;I = O from below is that D < O
This implies that the equilibrium is a saddle point, and the saddle ath ' "
Using these results, the optimal solution is represented graphicalI in Fi or I. Th
suggests on

Proposi!ion 2

riteeq, ,nibri"inforesrs!oat, N', is deremi"edbyrhe role of reinr h
economy, 6, ondrhe role of reinr"from holding on to !hefores!stock, '(N') + U I
eq"ifibri"in will occur 10 fhe 1</7 0fthe maximum s"stdinoble yield fillsj, 1:1' , y ' "
ifwil!occurioihertghiof!heMsY!fg'(IV')<0. '

Thus, as depicted in Figure I, if the initial level of the forest stock ' h' h
then the economywilldeforestsomeofthisstockthrouhtimb "

Moreover, equations (11) - (13) also imply

Proposi!ion 20

9-^;
q - x

11n, (6 - g' - u, ID, ), (10)

5
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Figure I. Tile Long Run Equilibrium of the Tropical Forest Economy
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ff U3 = 0, then rhe equilibriumjbrest stock, N", is deten"tried by 6 = g' > 0.

As shown in Figure I, it must follow that N" < N'. That is ifthe econom values onI
tropical timber then it will tolerate a lower level of tropcial forest in the 10n run than 'f 't
also considers the other values provided by the forest.

4. Comparative Static Analysis: Trade Interventions vs. Transfers

Comparative static analysis of the long run equilibrium call be employed to indicate what
impacts that reductions in the terms of trade for tropical timber and forest roducts either
through import bans, tariffs or other controls may have on the tropical forest count 's
decision to deforest. As noted, the model already suggests that the tropical forest has
positive domestic externalities in the form of watershed protection enetic diversit
microclimatic functions, etc. which directly affect the overall welfare of the count
However, the intern@trollo! externalities such as the role of the forests as a 'store' of
biorliversity and carbon and their 'macro' climatic functions are essentialI i nored b
domestic policymakers. Thus it can be assumed that intervention in the lobaltimber mark t
is motivated by the international community - notably tropical timber jin orters - attom tin
to force the country to 'internalize' the global values ascribed to its tropical forest that are
lost through the deplection arising from timber production.

A ban on tropical timber imports or the imposition of import taxes that discriminate a amst
trade in tropical timber reduces the terms of trade. In the model a reduction in the terms
of trade, p, has the following impacts on the long run equilibrium forest stock of the timber
exporting country

U +, 121U, I-a(6 - g')Unl ,
D

dN'

dp

where ,12isthe elasticity of marginal utility, U2 with respect to imported consumption cods.
If 1/2 is large, then marginal welfare in the economy is highly responsive to a chari e in
imported consumption goods, c. We characterize this condition as 'importdependenc ' The
following proposition therefore results from (14)

Proposition 3

A decre@, se in rhe reinis of!rode, p, will cor"@141red"ce !he long-run equilibriumjbres! stock,
N', if'thecow"tryisimpo?tdepe"dent, ,121>I). '

This would suggest that the use of timber trade interventions by importing countries ina
under certain economic conditions be counter-productive in their effects. Timber ex ortin
countries may not always respond by reducing exploitation of their forests. rather as
indicated in our modelimportdependency and other economic considerations ina lead to the
opposite result in the long run.

(14)
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The 'second best' nature of trade inerventions can be further seen through the effects of
reducing the terms of trade on the long run level of timber extraction and exports

c!g. : ~ (U2 + pXU2, )g'(6 - g')U, ,
dp D

dx'

dq

Changes in timber extraction and exports will clearly depend not only on the degree of
import dependency as represented by "2 but also on the relationship of the originalequilbrium
forest stock, N', with respect to the MsY (see Proposition 2 and Figure I). The effects are
summarized in the following table

U + ,IJU^ta(g"U, + aU, ,) - g'(6 - g')Un
D

g' > O dq*/dp > O

dx*/dP '

In! > I

g' < O dq*/dp < O

If trade interventions by importing countries do not always achieve the desired effect of
encouraging timber exporting nations to reduce exploitation of theirtropicalforeststock then
an alternative policy may be the provision of an 'international transfer' offunds to encourage
exporting countries to forego the income earned from forest exploitation. Essentially the
rest of the world is 'subsidizing' tropical forest countries to conserve rather than cut down
their trees. For example, Agenda 21 of the UN Conference on Environment and
Development has estimated that international financing of over Us$1.5 billion annually will
be required by tropical forest countries to reduce deforestation (Inc 1992).'

A large transfer of international funds to tropical forest countries to assist with sustainable
forest management and forest conservation has the effect of 'freeing up' domestic financial
resources for other purposes. In our model, an international transfer or subsidy can be
represented by an increase in foreign eXchange available for consumption of imported goods'
i. e. , it supplements timber export earnings. Thus (2) now becomes

dx*/dp < O

(15)

dq*/dp < O

Ini^ I

dx*/dP

(16)

dq*/dp > O

dx*/dp > O

,)
.

(2)'

where s is the amount of the international transfer or subsidy. The comparative statics of
equation (11) in the system (11) to (13) becomes

px + s = c,
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Thus an increase in international
equilibrium forest stock, N*

Uj, dq + [~U, I~ p'U22]dX ' pU22dS- (17)

transfers, s, has the following impact on the long-run

dN*

ds

The following proposition therefore holds

Proposition 4

pU, ,t- a(6 - g')Un
D

11 direc! international ironsjt!r, s, will incre@se !he long run eq"ithri"inforesi s! k, N*
uriambig"OKsly. "

In comparing Propositions 3 and 4, it is clear that the coin arutive stat' f h I
equilibrum clearly favour international transfers as the preferred method f ' d
timber exporting countries to conserve their tropical forests.

> 0.

5. The Large Country Exporter

The above modelhasassumedthatthetimberexportin countr k
international market;that is, asoneofmanytropicaltimberexporters the co t bl
to affect the world price of traded tropical timber products throu h ch
of production and export of timber products.

However, currently some tropical timber exporters particularl the ina'orSo thEa A '
producers (e. g. , Malaysia and Indonesia), dominate the international markets in certal
tropical timber products. Other countries (e. g. Brazil Zaire and Papua New Gum h
the potential also to become large-scale producers and exporters (Barbier at o1. 1992 . Th
ability of theselarge-country exporterstousetheirapparent market owertoinfl I b
prices for their timber products depends to a large exent on the availabilit of att
supplies, e. g. from both other tropical and temperate forest re ions and d-
substitution between tropical timber products from differentsources betw t ' al
temperate timber products and between timber and non-timbersubstitutes (e. alum' ,
concrete, plastics, ceramics, etc. ). Some analysts suggest that global supplies of timber '
more than adequate even in the long run and that the shift in production from ' Id h'
to secondary forestscould ruleoutthepossibilityofevenlargetro icaltimber d f
asserting any market power (Sadjo and Lyons 1990). Others have indicated that, while ther
is always scope for greater substitutibilitybetween tropical timber and other rod t h
long run, substitution for sometropicaltimberproducts in majorim ortin mark t b
more problematic in the short run (Buongiorno and Mariarung 1992; Vincent, Brook d
Gandapur 1991). Finally, Rauscher (1990) has shown that, at leasttheoreti it h
cartelization of a group of tropical timber exporters could lead to significant mark t

and greater conservation of their tropical forests.

(18)
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As the possibility of a large country exporter (or group of exporters) of tropical timber
products. influencing international prices cannot be definitely ruled out, it is worth exploring
the potential impacts further.

In our model, if a large country exporter is able to influence prices then

x = x(p), with x'(p) < Oand x"(p) > 0.

(11) now becomes

U2p(I+ Ile) = U, , wheree = x'(p)PIx.

The Appendix indicates that the determinant D of the Jacobian matrix of the modified
simultaneous system (11)', (12) and (13) is less than zero, which is again a necessary
condition for a unique equilibrium. If this is the case then

pU^(- a(6 - g')U, ,x'(p)
D

dN*

d(Ile)

Proposition 5

Animcre@se in incrketpower, Ile, of the longe country exporter(s) will increase the long run
equilibriumjbresr stock, N*, uricmbig"OKsly.

To the extent that large country exporters can increase their market power and influence
international timber prices, then they can afford to conserve more of their tropical forests in
the long run. Increased monopolistic power or cartelisation of tropical timber supply appears
to have a resource-conserving effect. '

Will increased international transfers to a large country exportsr also enhance forest
conservation? The effects of an increased internationalsubsidy s has the following impact
on the long run equilibrium forest stock

p(I + Ile)U^2[~a(6~g')U, ,x'(p)] > 0.
D

> 0.

dN*

ds

Assuming I el < I, an international transfer to a large country exporter will increase its
forest stock in the long run. Thus Proposition 4 also holds for the large country exporter.

(19)

6. Foreign Assets and Debt

An initial assumption of the model was that the trade of the tropical timber exporting country
is balanced. We now relax this assumption to analyse qualitativeIy the effects of foreign
assset (or debt) accumulation. The inclusion of a foregin capital market results in an
additional condition in the model

(11),

(20)

A px - c + rA,

(21)

9

(22)



where A > O implies accumulated foreign assets A< O accumulated forei n debt d
is themterest earned (orowed). In whatfollows, we assumed that A > 0. '

The Hamiltonian (6) is modified to

U(q - x, c, N) + A [g(N)- aq] + I'mx - c +TAI, (23)

with 14 as the costate variable representing the shadow value of foreign asset accum I t'
Assuming an interior solution, the maximum principle yields the followin conditions

H

14 ' U2 ' U, /,,

(6 - g'))\ - U3' (26)

11 = (6-r)14. (27)

Conditions (24) and (26) have the same interpretation as (7) and (9) before. Equation (25)
is similar to (8), although now the relative marginal value of domestic timber to jin rted
good consumption must be equated not only with with the terms of trade but with the
implicit value of accumulated foreign assets, 14. Condition (27) governs the rate of
appreciation in the valueofforeign assets whichisisdetenninedb theo rtunit t
of holding on to a unit of these assets, (6 - r).

Conditions (24)-(27) also imply that the growth rates of the variables U , U , A and are
equal along the optimal path, which leads to the following relationshi s

Uj = Aa,

A

^z)
"""") + ,,,

Equation (28) can be interpreted as an efficiency condition. It suggests that in order for
foreign assets to be an optimal form of wealth forthe timber exportin count the rat f
return on these assets, r, must equal the rate of return from 'holding on' to its tro ical
forests, g' + aU3/Uj. Otherwise, there is no point in the country extracting and ex fun
timber as a means to accumulating foreign assets.

Condition (29) governs the growth (or depletion) path of the tropical forest along the optimal
trajectory for the economy. Ifthe opportunity cost of holding onto foreign assets is ne ative
i. e. 6 - r < 0, then the forest stock will be allowed to expand i. e. ^I > 0. Moreover th
social value of accumulating foreign assets is falling i. e. A < 0. EffectiveI the interest
rate r is so large (relative to the return on other assets in the economy as represented by 6)
that the economy is better off becoming a net lender of its foreign assets and reducin it
timber exploitation to hold on to more forests. However ifthe OPPortunit costs of holdin
assetsi, ,, iti, ,i. e. 6_,>0, th th '11' 'assets is positive, i. e. 6 - r > 0, then the country will continue to exploit its tropical forests
for timber and ^I < 0.

(r-g') ' aU3/U, > 0, and

N
.

(24)

(25)

(28)

(29)
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Moreover, due to Equations (25) and (27), U, grows at a rate (6 - r), and this implies that
the right hand side of (28) goes to zero for small discount rates and to infinity for large
values of this parameter. Therefore, the very long run solution is N = N"" in the first case
and g' = r in the latter. If the discount rate is small then the economy will save and
consumption is increasing over time. The marginal utility of consumption is reduced such
that the value of the tropical forest in terms of the consumption good rises. The o site
argument applies if 6 is large. Then the marginal utility of consumption is increased along
the optimal path, and the relative value of the forest resource declines untilthe pure arbita e
condition 6 = r holds. 5

Thus assuming in equilibrium that 6 = r and that Condition (28) will also be valid in the
long run, so long as U3/U, > 0, then the following proposition holds

Proposition 6

With o1breig, , coptic! incrkeiondposiiive stock enemaliiies in, > 0), !he fores! resource
will, lever be exh@usted. Equilibriumjbresis!ock N* will be deremzi"ed by 6 = r = g' +
@U3 IUj, which will atw@ys be greieriho" ihe equilibrium N** us datemiined by 6 = g' >
O in Fig"re I.

The system of equations determining the equilibrium now correspond to (11)-(13) with r
inserted for 6. Butthe second argument of the utility function is no longer px as before but
px + rA. Unfortunately A is not determined. It can be computed from the starting values
of A and N, which implies

A, +pN, = A+pN or A, + pN, - pN. (30)

Using this in the comparative statics it follows that the first-row third-column element of the
first matrix in the Appendix has to be rp'U22. Thus the sign of the determinant of the
Jacobian matrix D remains negative as before. Thus we obtain as

Proposi!ion 7

The coinp@retrye sinnc <ff'errs on Ihe long run eq"nibrt"infores! stock, N*, h@ve the some
sig, &sin the borrowing-@rid-leading ond !he previous model qf!he rimber exporting cowl", y.
lite incg"it"de of!he effects may diff'or.

7. Conclusion

This paper has examined several aspects of the links between the trade in tropical timber and
deforestation from the perspective of an exporting country. The various versions of the
model developed here have highlighted a number of important features of this linkage.

First, if the producer country values its tropical forests solely as a source of timber export
earnings then it will aim for a smaller forest stock in the long run than if it also considers
the other values provided by the forest. Understanding the fullrange of benefits accurin
from their tropical forests, e. g. watershed protection genetic diversity tourism

A
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microclimatic functions, etc. , is important to determining the direct SOCil al f f
conservation.

Second, ifimporting nations wantthe exporting countries to conserve inor f th ' f
trade interventions appear to be a second-best way of achievin this result. U d
conditions, they may even prove to be counter-productive. In contr t
transfers, which in our modelsimply reduce the dependenc of the rod
exploitation of the forest for export earnings are more effective in rom t'
of the forest stock.

Third, increased market power by a large country exporter or rou f
actually leadtogreaterforestconservation. The greater themarket th h'
reutms per unit of output and the less need to exploittro ical foret h
Nevertheless, eveninthemonopolycase animtemationalsubsid tored d d
tropical timber exploitation will incite greater forest conservation.

Finally, the existence of a foreign capital market may further ensure th tth t I
country may conserve its forest stock in the long run. Ifthe rate of return f
is very high, the economy may switch into becoming a netlender and ref r
its foreststock. However, evenwhen interest rates are lowand I
opportunity cost of holding on to foreign assets is high the econom w'11
exhaust its forests.

Several recent reviews of global forest sector policies have discussed jin I' t'
those analyzed theoretically in our model(Barbier e! o1. 1992' Binkle and V' 1991'
HydeandNewman 1991). Generally, the sameconclusionshavebeenreached. H '
what is of increasing concern is that domestic market and polic failures 'th'
forest countries continuetodistorttheincentivesformoresustainableman f '
production and efficient development of processing capacit while at the
international community increasingly contemplates the use of bans tariffs and th d
measures to discourage'unsustainable'tropical timber exploitation. As h
attempted to show, sometimes the more simple solutionslead neither to t ' h f
nortothedesired, results. '
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Comparative static solution of the simultaneous equation system (11), (12) and (13) can be
represented by

Ujj ~U, ,~ p'U22

(6 - g')Un - (6 - g')Un

o-a

Appendix

The determinant of the Jacobian matrix of the above systems D is

D = g'p^11U22(6-g') a(Un + p'U22)(g"U, + aU33).

The right hand side is negative but the lefthand side is ambiguous as g' is unsi ned.
However, it can be shown that D < O is a requirement for the curve q to be positiveI
sloped and to cut the curve I^ from below, which is a necessary (but not sufficient) condition
for there to be a unique equilibrium in (q, N) space.

The implict function rule applied to the above simultaneous equation system (11) (12) and
(13) yields

Undq ' run + p'U, 2)dX

(6 - g')Undq - (6 - g')U, ,dx = (g"U, + aU, ,)dN

- adq = - g'dN.

Substituting for dx yields

(g"U, + aU33)(U, , + p'U^^)
(6 - g')p'U^2U, ,

o

~ g"U, - aU33

g

dq

dx

dN

U2 + pXU22 O

o U3

o q

dp

da

^1, ,,
^I, , , ,

^In =od jj=o

It follows that

g-

aru, , + p'Un)(g"U, + aU, ,) >

a

.

>

^q=o

> 0.

also implies that

g'P^,, U22(6 - g'), and thus D < 0.
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In the monopoly case, comparative static solution of the simultaneous equation system (11)'
(12)and(13)cantorepresentedby '

Ujj

(6 - g')U, ,

-a

41

- (6 - g')U, , x'

o

The determinant of the Jacobian matrix of the above s stern D is

a[g"U, + aU33]4^^ - g'(6 - g')U, ,[U, ,X'(p) + 4^], Where

- Unx'(p) - p'U, ,(I + 11, )'- U, (I + 11, ) + U, p(,'(p)/,') < 0.
It follows that the condition

D

4,

o

~ g"U, - aU33

g

;^ it = o

dq

dp

dN

a(g"U, + aU, 3)4, < g'(6 - g')Un[4^ + Unx'(p)], and thus D < 0.

>

U2 p

o

o

^=O

o

U3

q

also implies that

dl/e

da
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I. For example, see Barbier, Burgess and Markandya (1991); Ginis (1990);
Newman (1991); Pearce (1990); Repett0 (1990) and Repetto and Ginis (1988).'
2. Processed timber products are assumed to be converted to log-equivalents.

3. The proposed international financing is for specifically sustainain th It' I I
functions of alitypes of forests, forest lands and woodlands (Us$ 860 million
enhancement of the protection, sustainable management and conservation f all f
greeningofdegradedareasthroughforestrehabilitation afforestation refor tati d
rehabilitation measures (Us$ 460 million p. a. ); and promotin efficient utl' t' d
assessment to recover the fullvaluation of the goods and services Tovided b f
landsandwoodlands(Us$230millionp. a. ). '

4. According to Solow (1974, p. 8), "the monopolist is the conservationist's f' d".
Usually this holds along an adjustment path towards a stead state h' h '
marketstructure. In our model, in contrast the long run equilibrium is al ff ed.

5. Note that Equation (28) also implies that there is a relocation of assets att = O h h
(28) holds forever after. Thus, there is ajumpin N correspondin to a 'urn th
direction in A. The extraction rateisplusorminusinfinit in this ' t f ' H
thelong-runequilibriumremainsunaffected '

Notes

Hyde and
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Timber Trade and Tropical Deforestation - Indonesia'

Introduction

The following paper examines the links between the trade in tropical timber products and
deforestation in Indonesia. We briefly review some of the evidence suggesting that
timber production is a factor in tropical deforestation and the role of timber trade policy
in Indonesia in influencing this process by affecting forest-based industrialization. These
issues are of particular concern to Indonesia, as the country has recently banned the
export of sawnwood exports to encourage further rapid development of plywood
processing.

Edward B. Barbier

Nancy Buskstael
loanne C. Burgess

Ivar Strand

We develop a partial equilibrium timber trade model of Indonesia to analyze the effects of
various policy interventions on the trade and tropical deforestation. The basic timber
trade modelis developed as a simi, noneo"s eq"@nori system determining supply and
demand in the logging, sawnwood and plywood sectors of Indonesia. The system is
linked to a rec"rstve relationship determining tropical deforestation which is estimated
separately. We use the model to simulate several policy options, including the impacts of
sawnwood export taxes/effective bans, import bans imposed by consumer countries,
revenue-raising import taxes, and increased harvesting costs associated with 'sustainable
management'.

The paper concludes by summarizing the results of the policy analysis, and discusses the
policy options open to the Government of Indonesia (Gol) and importing countries.

.

The Timber Trade and Tropical Deforestation in indomesia

South East Asia currently accounts for around 20 percent of the world's tropical moist
forest CTMF). Indonesia alone has over 50 percent of the region's TMF and over 10
percent of the world's total (see Table I). The rate of deforestation in South East Asia
measured in terms of hectares 01a) lost per year, is also fairly high - approximately 2
million ha annually - and the total area deforested is much higher than in Amazonia and
Central Africa. Close to 85% of South East Asia's annual deforestation occurs in
Indonesia.

' We are grateful for the research assistance provided by C. Bann of LEEC.



The major 'cause' of tropical deforestation in South East Asi d ' I d
particularisgenerally thoughtto be the conversion offoreststo I
Tropical timber production, although significantinlar eareas of' od '
considered to be alesssignificantfactorinoveralltro icaldefo ta' '
however, attention hasfocusedontheindirectroleoftimber rod ti ' "
inaccessibleforestareas, whichthenencouragesothereconomic fth
resources, suchasagriculturalcultivation that leadtodeforestatio ^
example, Amelung and Dieh1(1992) identify the in^jor shifts in land use h
causes of deforestation in tropical countries .including Indonesia. A ' d'
2. a. ,tiledirectimpactofforestactivitiesondeforestationa stob '..
than 10% of total deforestation), arcomparedtoagriculture. For Ind th' "
because timber is harvested predominateIy by selective 10 in wh' h d
strong' definition of deforestation that is commonl used. 111

sector in indonesia is almost completely responsible for convertin vir in f
productive closed forests or other forms of land use throughjbres, mud'
much more significant role in biom@,$3 red, ,crio, I(see Table 2. b). In sh rt, th '
some indications that timber extraction is largely responsible for
unexploited forest, leading to further forest degradation and outri ht d f
Other studies indicate the possible acceleration of this r
production in Indonesia (Burgess 1989). With the exception of Sabali d b
New Guinea, Indonesia has oneofthe lastremainin reserv f
East Asia, yet wellover one third of the country's tro icalfor t h b
conversion or permanent production forest(T'able 3. a). As a very Iar e art fth
production in Indonesia in the past has come from the conver ' f
essentially clear cut and turned over to agriculture future su lies t d
permanent production forests (and any remaining virgin forest reserves all red
- provided that these supplies can be maintained on a sustained basis.

AlthoughTable3. b suggeststhatlndonesia'spermarient rod ti f
mined'to the extent of those in other South East Asian co in ai

Indonesia has over-estimated the extent of its production forest und
timber extraction (e. g. there is substantial illegal felling) or both (Bur ess 1989 .
Moreover several analysts predict a decline in South East Asia's (and Ind ' '
of world production and trade, and some deterioration in the al't fh
produced from forests in the region (Amold 1991; Burgess 1989; Sad'o d L
Thus, it is unlikely that Indonesia will be able to maintain its current d
production and trade of timber products asindicated in Table3. c 'th f
extensive exploitation of its remaining old growth reserves.

Indonesian Timber Trade Policies

The tropical timber trade has been subject to severe distortions b
imposed by logproducingcountries, including Indonesia. One 'ustif ti f
these policies is that they compensate exporters for the import barriers in d I
economy markets by making the price of raw logs higher to the rusess th
importing country while reducing the cost disadvantage faced b dome ti
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within the timber producing countries. This strategy usually has as its primary aim e
creation of more export revenues and employment for the forestry sector, wi. a
secondary objective of reducing harvesting pressure on the forests by increasing v ue
added per log extracted.

Several authors have recently reviewed the role of export taxes and bans in encouraging
forest-based industrialization and sustainable timber management in tropical forest
countries (Ginis 1990; Vincent and Binldey 1991; Vincent 1992b). Initially, the
preference seems to have been for export taxes, trough employing escalating rates. or
most countries, exporttaxratesonlogsgenerallyruigedbetween loand xpo
taxes on sawn timber, veneer and plywood have been negligible. Where sawn tim er
exports were taxed, rates were typically half that of logs. More recently, the use o
export tax structures to promote forest-based industrialization has become largely rep a
by export bans intropical forest countries, although export taxes are stillbeing u in
certain regions and for specific timber products (see Table 4).

Tropical timber export taxes and bans have proved only moderately success u in
achieving the desired results in South East Asia. For example, although expanded
processing capacity was established in Malaysia, the Philippines and Indonesia, it was
achieved at high economic costs, both in terms of the direct costs of subsidization as we
as the additional costs of wasteful and inefficient processing operations (Barbier 1987;
Ginis 1988 and 1990; Vincent and Binldey 1991; Vincerit 1992a and 1992b) .

In addition as a long-term forest industrialization strategy, ensuring export sales o
processed products through denying processors in other countries access to ogs may
prove difficult to sustain (BOUTke 1988). Importers of South East Asian logs, such ^s
Japan, have been known to substitute other raw materials (e. g. , cement, steel, plastics,
fiberboard, etc. ) for timber, and alternative sources of supply, such as sawlogs from
temperate and other developing regions (Bourke 1988; Vincent, Brooks and Gandapur
1991).

fullndonesia, the @d VCIorem export tax on logs was doubled from 10 to 20% in ,
while most sawnwood and allplywood were exempted. Beginning in 1980 contro s on
the export of logs were progressiveIy enforced, until an outright ban was introdu in
1985 (Ginis 1988). The exporttax structure created effective rates of protection of 222%
for plywood manufacture, and the drop in export revenue to the government rom
diverting log exports was not compensated by any gain in value-added in sawmi ing,
resulting in a loss of Us $15 per in' at world prices. The consequence has been the
creation of inefficient processing operations and expanded capacity, with consequences or
the rate of timber extraction and forest management. Ginis (1988) has estimated that over
1979-82 due to the inefficient processing operations resulting from this policy, over
$545 minion in potential rents was lost to the Indonesian economy, or an average cost of
Us $136 nunion annually. Moreover, as the switch from log to processed exports
occurred at a time when forest product prices were falling sharply in realtorms, e cos
to the economy in export earnings was high. Over 1981-84, the netloss in export
earnings amounted to Us $2.9-3.4 billion, or approximately Us $725-850 million
annually. Additional losses were also incurred through selling plywood below production
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cost, which amounted to Us $956 million in 1981-84 or Us $239 million annualI
(Fingerald1986). '

Although the switch to value-added processing of timber initially slowed down the rate f
timber extraction, the mefficiencies and rapidly expanding capacity of domestic
processing may have actually increased the rate of deforestation over the medium and
long term. For example, by the early 1980s the in^jor operational mefficiencies in
dti d "domestic processing due to high rates of effective protection in indonesia led to the low t
conversion rates in Asia. As a result, for every cubic meter of Indonesian PI wood
produced, 15% more trees had to be cut relative to plymills elsewhere in Asia that to
have processed Indonesian log exports (Ginis 1988). Thus the protection given to
Indonesian mills not only increased rather than reduced total log demand but the
operational mefficiencies also ensured that millions more logs ina have been harvested
than if a more efficient policy to boost domestic processing capabilities than forced
industrialization through export taxes and bans had been implemented.

More recent analysis of the impacts of the log export ban in Indonesia on the efficienc f
timber processing industries confirms that the policy has notincreased wood recoveries
and thus reduced log consumption compared to pre-ban levels (Constantin0 1990). B
depressing raw wood prices, the log export ban has led to the substitution of wood fo
other factor inputs, with substantial wood recovery losses in sawmillin and a slower
growth in wood recovery than other factor productivities in plymilling. In both industries
wood consumption has been the main source of output growth over the 1975 to 1987
period, with efficiency gains contributing very little. However the log ex rt ban has
not affected efficiency in the plywood industry so seriously which could arise from the
much newer capital vintages in plywood milling its export orientation that uires hi her
production standards, and possibly its access to better quality logs.

Despite the problems with the export restriction policy it is still being aggressiveI
promoted by the Gol to encourage forest-based industrialization. In Indonesia not onI
does the export log ban still remain in place but in October 1989 exporttaxes on sawn
timber were also increased substantially to prohibit exports and shift processin activities
to plywood (see Table 4). A secondary objective of the policy is to eliminate the
marginal mitts, leaving only the competitive ones operational thus improvin overall
industrial efficiency. The implications of the policy for wood recovery log demand and
thus tropical deforestation in Indonesia is less clear.

1/1 this paper we develop a timber trade model for Indonesia linked to jin acts on
deforestation through log demand, in order to compare the sawnwood ex rt ban with
other possible trade policy options Through the various policy option simulations w
hope to investigate the relative merits of the different policy interventions in terms of
production, prices, trade and deforestation in Indonesia. However we first briefl
review other models applied to the tropical timber trade in South East Asia.
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Other South East Asian Timber Trade Models

Various ^rtial equilibrium models of forest product markets and timber supply have been
developed for countries in South East Asia to examine the implications of policies that
restrict log exports.

Vincent(1989) employed a simulation model of the timber trade of Malaysia, other South
East Asian producers and the major importers from the region to determine the optimal
tariffs on intermediate and final goods for log sawnwood and plywood products. The
results of the modelindicated that the large export tariffs imposed by Malaysia and other
South East Asian exporters reduced domestic prices in those countries leading to losses
improducer surplus. More recently, Vincent (1992a) constructed an economic model of
sawlog and sawnwood production, consumption and trade in Peninsular Malaysia during
1973-89 to exarritne in more detail how the log-export restrictions imposed in 1985
affected the forests products industry in Peninsular Malaysia, and whether the restrictions
generated net economic benefits. Although the export restrictions seemed to stimulate
growth in the processing industries and employment, the economic costs were high. On
an average annual basis, Peninsular Malaysia lost Us$6,100 in economic value-added
Us$16,600 in export earnings, and Us$34,300 in stumpage value for every sawmilljob
created by the log-export restrictions. No attempt was made in either of the above
models to link the impacts of timber trade interventions on timber harvesting levels and
tropical deforestation.

As part of the forest sector policy review of Indonesia conducted by the United Nations
Food and Agricultural Organization (FAO) and the Gol, a domestic and international
trade model of timber products centered on Indonesia was developed (Constantin0 1988a
and 1988b; Constantino and Ingrain 1990). The simulation model had as its main
purpose the determination of supply and demand projections for the Indonesian forestry
sector, but it was also used to run policy scenarios on differenttrade interventions
including the implications of Indonesia's log export restrictions. The impacts of
different government harvesting policies were simulated through scenario assumptions
concerning the elasticity of the supply of forest land in Indonesia. For example a small
elasticity of supply was interpreted as a deliberate government policy to impose sustained
yield constraints; whereas large elasticities reflected the Gol allowing expansion of forest
land harvested. Using these different elasticity assumptions the analysis could then focus
on whether in response to each policy scenario the Golshould expand the area of forest
land harvested, at the risk of greater tropical timber depletion and deforestation or
whether Indonesia would be better off limiting supply through greater harvest restrictions.
Detailed results are provided in Constantin0 (1988a), which are summarized here:

. Ifintemationalcompetitorsfollowconservativeharvestingpractices then
Indonesia should do the same in order to take advantage of greater employment
foreign eXchange earnings and rent capture. On the other hand, if competing
countries follow expansionary policies, it is not clear what Indonesia ought to do.
Harvest restrictions will lead to a loss in international market share and to declines
in employment - but also increases government revenues.
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Export restrictions on sawnwood and plywood resultin a loss h ' to
marketshare formdonesia, lower foreign eXchangeeamin s I
income, royalty revenues for logging and economic rent to forest I d. O
other hand, therestrictionslead to lower domestic rices ai b f
Indonesian consumers, to higher profits in the processin ind in
forest land harvested. Imposing harvest restrictionsas well Id '
matters, as employment would decline less even less forest land to
harvested andeconomicrenttoforestlaridwouldincrea th
more revenues ifthe Golincreased rent capture.

A 10% currency devaluation by the Golcoupled with resulti h
policies will lead to the conservation of the resource and r to
from forest land, but at the expense of higher domestic rices d I
employment, value added, foreign eXchange earnin s and ro alt
would suggest that some increase in forest land harvested in
currency devaluation would be preferred.

The impacts of a 10% Us import tariffon tropical I wood i d'
ifitis imposed on allexporters and notjustlndonesia and ifth I'
substitution between tropical and temperate plywood. Formdonesi th
effects are a decline in total plywood exports a smaller inc
exports, and increased domestic consumption and trade diver ' t th
for both products. itharvesting restrictions are jin sad
more, but employment, capital, foreign eXchange earnin s and vat added
decline less.

The following simulation modelis an additional attom tt
betweenpolicyinterventions, tropicaltimberproducttradeanddef .

Timber Trade and Deforestation Model of Indomesi

The simulation model employed to examine timber trade and tr 'cal d f
Indonesia is a static (single-period), partial equilibrium model of the roducti
consumption and trade of forest products that is related to the jin act fl h
forested area. Themodeliscomprisedoftwocomponents: a I
sys!em determining supply and demand in the logging sawnwood and I cod
Indonesia, and a recursive rel@!to, ashjp determining tro ical defor tati
component was estimated separately over the period 1968-1988 before th 1989
on Indonesian sawnwood exports. The resulting estimated relation h'
together in the simulation model using 1988 data ' The model w th
the varying impacts on Indonesia's timber markets and tropical forests f th 19
sawnwood export tax policy and other policy interventions.

The simultaneous equation system of the supply and demand for Ind ' '
qog), sawnwood and plywood markets was estimated using two-sta e least s
employing linear functional relationships(SeeTable5). Aslndonesiaessentiall h'b'
competing foreign timber productimports, supply comes solel from do ti
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production. in all three markets, demand is assumed to consist of both domestic
consumption and foreign demand for Indonesian exports. Separate relationships for
domestic production, consumption and import demand for each of the three products
were then estimated. All values were based on 1980 real prices.

in the case of the log market, domestic consumption was assumed to be equal to the level
of sawnwood and plywood production, multiplied by the respective wood recovery rates
plus any local residual demand. Log export demand was considered to be influenced by
log export unit values relative to the price of substitutes in world markets and by macro-
econorntc factors affecting final demand in those countries importing Indonesian logs.
Due to insufficient data on domestic log prices, roundwood production 01arvesting) was
related to log export unit values, net of log royalties and export taxes, and the costs of
harvesting. Domestic plus foreign log demand was therefore assumed to equal total log
production. However, because the log export ban in 1985 effectiveIy reduced Indonesian
export volumes and unit values to zero, estimation of the log supply and foreign log
demand relationships was only possible for the period 1968-84. As a check on the
recovery rates used as coefficients in the domestic log consumption equation employed in
the simulation model(see below), a regression representing this demand was run for the
entire 1968-88 period.

In the sawnwood and plywood markets, domestic consumption was assumed to be a final
demand, determined by the respective product prices and Indonesian macro-economic
factors. Again, as domestic price and taxation time series data were scarce, plywood
and sawnwood export unit values were used as proxies for domestic prices for these
products. ' Plywood export demand was considered to be influenced by its export unit
value relative to the international price of a substitute (i. e. Philippine Innri), but in the
case of sawnwood export demand, only the export unit value alone proved significant.
Both plywood and sawnwood exports were influenced by macro-economic factors
affecting final demand in the main importing countries for each product. Sawnwood and
plywood production in Indonesia were determined by their respective prices (as
represented by export unit values), processing capacity and costs - including the price of
logs. ' In the sawnwood market, domestic production and consumption was estimated for
the entire 1968-88 period; however, as sawnwood was not exported significantly until
after 1973, foreign demand could be estimated only for the 1974-88 period. As plywood
production did nottake off in Indonesia untilafter 1974, the demand and supply
relationships for this market were estimated over 1975-88 only.

The separate recursive relationship linking tropical deforestation to log production
01arvesting) was estimated using a logit equation for pooled cross-sectionat and time
series data across the principal tropical hardwood forest provinces of Indonesia. The
relationship estimated the probability of forested relative to non-forested area as a
function of log production per square kilometer (kin'), population density and GNP per
capita for each province and time period. A dummy variable for 1988 was also
employed, as the inventory methods for provincial forestry statistics were modified in this
year leading to revisions in the estimates for total forest area.

The results of the estimation of the simultaneous equation system for the three timber
product markets and of the deforestation equation are presented in Table 5. The twelve
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endogenous variables of the timber trade supply and demand system are the prices (ex rt
unit values), production levels, domestic consumption levels and export levels for
roundwood, sawnwood and plywood respectively. The remaining variables used to
estimate the supply and demand equations are exogenous ' In Table 5 t'statistics ar
displayed in parenthesis under eachcoefficient andotherre ression statisti Iced
to the right of each estimated equation.

The deforestation regression indicates that increases in population densit hav
significantimpact than log production in terms of changes in forested area in Indo ' '
forested provinces. For every cubic meter (in') of timber extracted per kin' the
proportionate change in forested to non-forested area is - 0.6%. For eve additional
person per kin', the proportionate fallin forest area is -1.3%. In contrast a rise '
incomes of Indonesian Rupiah (Rp) 10,000 per person, approximately Us$6.00 in 1988
would counteract deforestation at a rate of 0.4%.'

However, the deforestation equation in Table 5 may over-estimate the contribution of I
extraction alone to regional changes in forest area in Indonesia. First there is th at
problem of reliability and accuracy of data. More importantl however is th t data
limitations prevent distinguishing in the regression between log roduction from
permanentproduction forests as opposed to conversion forests. If 10 roduction is
mainly from conversion forests, then timber extraction is essentially a recursor or b -
product to agricultural conversion, which is the principal factor in the resultin
deforestation. As indicated in Table 3a close to 50% of Indonesia's total rod tiforestscon'tf f P nforests consist of conversion forests, and anecdotal evidence suggests that a cod deal of
the log production during the period 1973-88 came from the latter forests (Bur ess 1989).
To the extentthatthis is the case, then the deforestation equation ina be reflecti
mainly the impact of agricultural conversion rather than the initial 10 in o rati
changes in forested area. This is supported somewhat by the evidence resented in T bl
2, which shows logging much more responsible for 'opening up' the forest rather th
outright forest conversion.

On the other hand, in the 1980s Indonesia's permanent production forest be an
contributing an increasingly larger share to overalllog production - and is ex red to be
the main source of tropical hardwood logs in the future. Although forest re ulati n f
this permanent forest estate are increasingly requiring concessions to harvest timber on a
sustained production basis, clear cutting is allowed under certain conditions. M
problems of implementing these regulations and policy failures in forestry management
also contribute to over-harvesting and clear-cutting of permanent production forests
well as illegal felling of non-production forests (Barbier 1987. Burgess 1989. Gra and
Hadi 1990; Sadj0 1987; World Bank 1989). Evidence for the 1980-90 period an est itIt
logging damages alone contributed directly to just under 10% of the annual avera e to
of deforestation in the Outer Islands of Indonesia (Pearce Barbier and Markarid a 1990
ch. 5). Moreover, if timber operations in Indonesia are also 'opening up' permanent
production and virgin forests to subsequent encroachment and deforestation then 10
may have a major role in indirec!b, furthering the deforestation process of these forested
areas.
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In short, it is difficult to determine the extent to which the deforestation equation in Table
5 over-estimates, if at all, the impact of log production on tropical deforestation in
Indonesia. The available evidence would suggest that arthe very least the equation is
correct in indicating that this impact is significantly greater than zero and positive.

The key relationships in the simultaneous equation system of the three main timber
markets of Indonesia are for price and quantity. Table 6 compares the price elasticity
estimates for each of the supply and demand equations of the model with other recent
estimates for the South East Asian region. In general the elasticity estimates compare
favorably. According to our estimates, the supply of timber products in Indonesia
appears to be fairly price melastic. In the case of the processed products this may reflect
the Indonesian policy of expanding sawnwood and plywood capacity over the 1968-88
period. in our regressions, export demand for sawnwood seems slightly more elastic than
domestic demand, whereas for plywood the opposite seems to be the case. A similar
result was obtained by Vincent (1989) for all South East Asian exporters.

The simultaneous equation system and the deforestation regression are combined to form
a simulation model of timber trade-deforestation linkages using data for 1988. The
results are displayed in Table 7. Given the Indonesian policy of banning log exports the
export log demand equation from Table 5 was notincluded in the model. It is assumed
the total log production in Indonesia supplies domestic log demand. The latter is again
related to sawnwood and plywood production although in the simulation model actual
recovery rates for the inid-1980s were used as coefficients rather than those generated by
the regression for the entire 1968-88 period. "

Table 7 compares the results of the base case scenario with the actual values of key price
quantity and deforestation variables for Indonesia in 1988. The model appears to be a
reasonably good simulation of these variables. The impacts of Indonesia's forest
industries and log production on the tropical forest are indicated by effects on forest cover
and the annual rate of deforestation. The latter indicator was not simulated by the base
case scenario; instead, the most recent FAO estimate of annual deforestation in Indonesia
was used.

The following sections compares different policy scenarios to the base case focussing
particularly on the sawnwood export tax intervention the imposition of animport ban the
use of revenue-raising import surcharges and the implementation of improved sustainable
timber management practices. There are, of course, a number of importantlimitations on
the use of the simulation model for these policy scenarios.

First, as discussed above, the linkages of the impacts of log production on tropical
deforestation do not take into account changes in the type of forests being exploited ( i. e.
permanent production forests, conversion forests or new forest areas) or in the
production management regime (i. e. selective cutting or clear cutting). The deforestation
equation also cannot distinguish between the direct versus indirectimpacts of logging on
the forest.

Second, although the modelis well suited to examining the effects of a particular policy
intervention on the in!err, o1 diversion of timber product flows in Indonesia i. e. between
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export and domestic markets for sawnwood and plywood the model does not ex ItsitI
indicate the effects of an intervention in terms of erren, @! diversion of timber od ts
i. e. between differentimport markets for sawnwood and plywood. That is elasticitie f
substitution by product or by sources of origin in existing importing markets are not
explicitly modelled, and the possibility of new import markets opening u as a result of
themtorventionisnottaken into account. Inaddition 'leakages' ortheabilit t d
any restrictions imposed by an intervention are also not shown.

Finally, the modelis capable of only showing 'static' orone-period artial un'bri
effects of a policy intervention. Many of the impacts may have econom -wide or
general equilibrium, impacts that feedback to effect the timber product markets and
deforestation. In addition, the impacts may have lag or dynamic effects that man'f t
themselves over a medium or long term horizon. Some of the policy interventions
themselves, such as the implementation of sustainable management practices would
realistically involve a longer process of implementation than a single period (i. e. one
year). ..

Keeping these obvious limitation in mind it is nevertheless useful to use the sim Iati
model to obtain an approximate indication of the relative impacts of differenttrade and
forest sector policy interventions on Indonesia's timber product markets and forest
resource base.

Sawnwood Export Taxes

As indicated in Table 4 and discussed above in 1989 Indonesia jin sad substantial tax
on sawnwood exports in an effort to shift processing activities to plywood. A secondary
objective of the policy is to improve competitiveness and overall efficienc of sawmills.
However, the implications of the policy for wood recovery log demand and thus tro ical
deforestation in Indonesia is less clear.

Table 8 displays the results of imposing varying levels of sawnwood export taxes in the
simulation model of Indonesia's forest sector. The results coin are the chari es i k
price, quantity and deforestation variables to the 1988 base case scenario.

In the model, the sawnwood export taxes appear to have the effect of reducing ex rt
demand for Indonesian sawnwood, thus lowering the export price received and the
quantity exported. The price effects appear to be outweighed by the quantity effects.
Although some sawnwood production is diverted to domestic consum tion it is not
sufficient to overcome the fall in export demand. Thus overall sawnwood production
falls. The impacts on Indonesia's sawnwood markets are more severe the Teatsr the tax.
As indicated in the model, a tax rate of 700% imposed in 1988 would effectiveI choke
off sawnwood export demand. With proposed taxes of Us$250- 2 4000 per in' actual
government policy would be represented by the higher range of sawnwood export taxes
shown in Table 8.

Significantly, the imposition of a tax on sawnwood exports does not appear to insti ate a
major shift of processing capacity to plywood - at least notin the one-period duration of
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the simulation model. Only at extremely high rates of taxation does this occur even
slightly, and it appears that increased domestic plywood consumption is the most
noticeable effect. Evidence would suggest that there are several structural factors limitin
diversion of production between Indonesia's sawnwood and plywood industry in the short
tern, such as the much newer vintages of capital in plywood milling and its export
orientation that requires higher production and possibly access to better quality logs
(Constanfui0 1990). The simulation model therefore confirms that, if a sawnwood export
tax is to shift Indonesian processing capacity towards greater plywood expansion then it
will be a long term process. Unfortunately, the economic costs of reduced sawnwood
exports and production appear to be severe from the outset.

Only at high rates of taxation does the sawnwood export tax have a modest jin act on
deforestation. The inability of the policy to increase plywood output in the short term
means that the net reduction in sawnwood production translates into less log extraction.
At higher rates of taxation, the fall in log production is much larger thus resulting in a
lower rate of deforestation. However, as rioted the economic costs particularly in terms
of lost eXchange earnings of a prohibitive sawnwood export tax are severe. Moreover
if the policy is successful over the long run in shifting processing to plywood production
then one would expectlog demand, and thus deforestation rates also to be revived.

in sum, a prohibitive sawnwood export tax in Indonesia appears to be a high cost share
for shifting processing capacity to plywood production and export which may only be
successful - if at all- over the long term. In addition the policy does not appear to be an
effective approach for reducing timber-related deforestation in Indonesia. Only modest
reductions in deforestation may occur and these will be short-lived if plywood production
begins replacing the lost sawnwood output.

import Ban

Some environmental pressure groups in Western tropical timber importing countries have
been urging their governments to ban the import of tropical timber or at leastimports of
timber that is 'unsustainably' produced. Consumer-led boycotts againsttropicaltimber
products have also been instigated. The presumption is that an import ban is the most
effective way of ending timber-related deforestation in tropical forest countries. Des ite
the various economic and legal implications of such a move as well as questions aboutits
effectiveness, an import ban on tropical timber is a realistic possibility in the near
future. "

The first column of Table 9 indicates the effects of a total import ban compared to the
base case scenario, in the timber trade-deforestation model of Indonesia. In order to
simulate animport ban in the model, large price changes were used deliberately to
constrain sawnwood and plywood exports to zero. Timber product prices are therefore
no longer endogenously generated by the model, and as a result are not shown in Table
9. Also, the functional form of the deforestation equation and its estimation using
regional panel data imply that the large changes in log production associated with the
import ban scenario cannot be used to predict Tenably the effects on forest cover and
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deforestation. Thus the impacts on deforestation are also not re rted for th' I'
scenario simulation.

As shown in Table 9, an import ban would have a devastating jin act on Ind ' '
forest industry in the short term. Although there would be significant diversion of
plywood and sawnwood exports to domestic consumption this would be in ff '
compensate for the loss of exports. Net production in both processing industries wo to
fall. Given its export orientation, the plywood industry would be pantcularl hurt -
reducing its output by over 40%. Net production losses in the sawnwood industry would
be closer to 10%. Tile overall effectis to lower domestic log demand in the h it to
by around 25-30%.

The policy scenario is of course assuming that the import ban is 100% effecti . It'
unlikely that animporters of Indonesia's tropical timber products - man of which
also newly industrializing or producer countries with processing ca acities - wo to
along with a Western-imposed ban. In any case one would ex tthat over the I
term there would be some diversion of Indonesian plywood and sawnwood ex rt to
either new import markets or existing markets that prove to be less sinn entin a I in
the ban. As discussed above, these effects cannot be captured in our model.

In addition, the long-term implications of an import ban on tropical deforestation al
uncertain. Even if the ban isloo% effective in the shortterm an resultin ed ti
tropical deforestation is likely to be short-lived. There are several reasons for th'

First, asindicatedin themodel diversionoftimberproductstosatisf do ti d d
is likely to continue as Indonesian population and economic activity expands (see Table
5). Thus one can expect the wood processing industries to recover somewhatthrou h re-
orientation to meetlocalconsumption of timber products. Moreover art evidence
suggests that domestic-oriented processing in Indonesia is less efficient than ex it-
oriented processing, implying poorer wood recovery rates and greater log demand
(Constantin0 1990). Pressure on the tropical hardwood forests may therefore increase
after the initial'shock' of a ban.

However, it is unlikely that the domestic market in Indonesia will enerate the sam
demand for higher valued timber products astheintemationalmarket. Instead d ti
demand is likely to be strongest for high-volume but lower valued wood rod cts. A
consequence, it may be difficult for Indonesia to justify holding as large a ro mori of
its tropical forests as permanent production forests if the expected economic return f
sustaibl dl' sromsustainable management decline as a result of the ban. More of the resource ina be
shifted to conversion forests, and timber production will become residual to satisf ' th
growing demand for agricultural land. In short without the timber trade rovidin
increased value added in the form of external demand for higher valued roducts th
may be less reason for Indonesia 'holding on' to these forests as opposed to convertin
them to an alternative use, such as agriculture (Barbier 1992; Vincent 1990).

To summarize, a total import ban would cause a major diversion of Indonesian timber
products to meet domestic demand. Although in the short term net production of wood
products, and thus log demand, would fall this situation would not necessaril be
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sustained over the long run. Even if this is not the case the ban may be ineffective in
permanently reducing tropical deforestation because, in the first place, timber production
is not the main source of deforestation in Indonesia, and secondly as the value of holding
on to the forest for timber production decreases the incentives to convert more of the
resource to agriculture will increase.

Revenue-Raising import Tax

International cooperation and compensation to assist developing countries in achieving
sustainable management of timber production forests have also been discussed in recent
years' For example, the International Tropical Timber Council(Inc) unanimously
adopted a "Year 2000 Target" that encourages "InO members to progress towards
achieving sustainable management of tropical forests and trade in tropical forest timber
from sustainably managed sources by the year 2000" (Decision 3(X) Inc 1991). One
suggestion for raising additional funds for this strategy is for importing countries to
impose a smallimport surcharge on tropical timber, which is then directed to tropical
forest countries that have shown "demonstrable progress" towards achieving the Year
2000 Target.

A recent study has indicated that I-3% surcharge on the tropical timber imports
(excluding plywood and based on 1986 trade levels) of the EEC, Japan and USA would
raise approximatoly Us$ 31.4 to 94.1 million with lime additional distortionary effects
01E11989). Buongiomo and Manurung (1992) also examine the scope for a 5% revenue-
raising importlevy on tropical timber by the Union pour Ie Commerce des Bois
Tropicaux rocBT) or the EEC. " The results indicate that tropical timber exportsrs
would lose around Us$44.8 million in trade earnings with Indonesia and Malaysis
suffering the worse, but importing countries would earn Us$87.7 million in additional
revenues. Thus, if the funds raised by the tax were rebated to exporting countries they
could be made better off by over Us$40 million.

The final two columns of Table 9 show the impacts of a I and 5% revenue-raising import
tax on Indonesian tropical timber exports in the simulation model. In the case of a I%
surcharge, a total of Us$23. I million (1980 prices) in revenue would be raised, with
Us$5.8 million and Us$17.3 million from Indonesian sawnwood and plywood exports
respectively. For the 5% surcharge, a total of Us$113.9 million (1980 prices) in
revenue would be raised, with Us$28.5 million and Us$85.4 million from Indonesian
sawnwood and plywood exports respectively. When compared to the revenue estimates
from the NE1(1989) study, the above figures would suggest that, in the case of
indonesia, applying the import surcharge to plywood would significantly raise the total
amount of financing appropriated.

The results shown in Table 9 confirm that a smallimport surcharge would have very little
distortionary effects on Indonesia's timber product flows and prices. There would also be
a negligible directimpact on deforestation. However around the 5% level the impacts
of the surcharge on exports in particular would become more noticeable. Thus from the
standpoint of minimizing additional distortionary effects, the policy scenario confirms that
an import surcharge of less than 5% would be optimal.
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A more pertinentissue is whether it is worth imposin an '
revenueforsustainablemariagementoftropicalforests. Inth I
sameresult, andthusthesameamountofrevenue could be h' ed' '
the money for its own "sustainable management" initiatives b
raising exportsurchargeof1-5%. TheNElstudyar ues th tth fj
levybyproducingcoUntieSthemSelveshastheadvaritae fd' tj PO
management systems of these countries as wellas avoidin th trari
in international transfers, but prevents obvious problems of
success in achieving sustainable management. The counter-
surcharge not only has problems of transaction costs and ad
possibly discriminatory ifitislimitedonlytothetro ic@Iti b '
importsurcharge-cum-internationaltransformechariismwoldtill '
of producer countries, as well as raise similar problems of
whetheth expenitures. Finally, thereistheissueof

scalf appropriateavenueforraisingadditionallarge-

In sum, it is possible to raise revenue through an import surch f I
minimal distortionary effects on Indonesia's timber trade and od
is whether this is the most efficientand appropriate means of " f
improved sustainable management of production forests.

Sustainable Timber Management

Analtemativetotheabovetradeinterventionswouldb "
Indonesiatoimprove'sustainable'managementof itsreinai' '
discussed above, several studies havepointed to considerabl bl
in Indonesian forestry management that are conttibutin to o -h
cutting of permanentproduction forests as wellasille alfell' f
(Barbjer1987;Burgess1989;GrayandHadi1990;Sad'o1987. w I, Orests
Correcting thesepolicyfailureswouldimprovesustainablemaria e t f I "
remaining tropical forests, and thus reduce timber-related def
mean higher harvesting costs per cubic mere of wood extracted.

Table 10 indicates the most likely effects of such a 'sustai bl '
scenario, which is represented by an increase in harvestin co t . A h
data to determine the extent to which costs would rise itsuch I'
implemented in Indonesia, we have arbitrarily chosen a 259' d 509'
increase for comparison.

A surprising feature of the scenario is that although log rices are ff red
by themcreased harvest costs, anyresultingimpactsontherest fid " '
sector seem to be somewhat dissipated. There appears to be several fa t
First, the price-elasticity of log supply for Indonesia is ve mala ti
Tables 5 and 6). This is riotsurprising given that Indonesian Iic h b
logproduction solely to supplying domesticprocessin co acit h' h f
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expanded considerably over the 1968-88 period. Second, increased log costs are only one
component of the total factor costs of Indonesia's processing industries, and have
increasingly become the leastimportarit componentin recent years (Constantin0 1990).
Finally, Indonesia's sawnwood and plywood exports seem to be the least affected by the
increased harvest costs, which would suggest that external demand factors exert an
important counter-acting influence.

There is reason to believe that the impacts of the sustainable management scenario on
reducing timber-related deforestation may be underestimated in Table 10. As discussed
above, the deforestation equation in the model can only record changes in forest cover
due to changes in overalllog production rates. It cannot distinguish between quolit@tire
changes in the management of log production that may also affect timber-related
deforestation more indirectly, such as controlling residual stand damage, improved
replarifuig and reforestation, reduced high-grading of stands, limiting trespass, improving
the incentives to controlstand abandonment and encroachment, and so forth. These
latter factors may be more important in timber-related deforestation than log extraction
alone. In addition, some sustainable management techniques, such as utilizing lesser
known species and improved harvesting techniques, may actually increase the amount of
logs produced from a given timber stand, thus simultaneously limiting harvest costs and
reducing the pressure to exploitthe remaining tropical forest.

Finally, it is unlikely that the implementation of any sustainable management techniques
would occur in a single year, as implied by the simulation scenario. A longer lead time
for implementation would mean more time for the Indonesian forest industries to absorb
the increased costs, but it would also imply a longer period before the effects on reducing
deforestation would be fully felt.

In sum Indonesia's timber industries may not be badly affected by the higher harvest
costs associated with implementing sustainable forestry management policies. Although
there would be some reduction in tropical deforestation due to reduced log production,
this direct effect may be less significantthan the improvement in forest management and
protection resulting from qualitative changes in timber stand management practices and
ownership.

Conclusion

The simulation model developed to examine the relationship between Indonesia's timber
trade and tropical deforestation has provided some importantinsights into this linkage as
well as the scope for the use of trade policy instruments to limit deforestation. As
discussed throughout, there are obvious constraints on the use of such model to examine
such dynamic, complex and pervasive effects. Nevertheless, the model and the policy
simulations would suggest extreme caution in the use of broad trade policy interventions
as a means to affect timber-related deforestation in Indonesia, and in some cases even as
an economic tool to develop further Indonesia's timber processing capacity.

First it is clear that timber production is not the major cause of tropical deforestation in
Indonesia. Even where timber production is a factor in deforestation, most timber-related
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deforestation, including subsequentdeforestationbyagriculturalencroachment h
more to do with the management and regulation of the timber stand than w'itI th
of logs extracted from the stand per se.

Second, extreme trade interventions, such as the current Gol Iic of rohib'ti
sawnwood export taxes and the imposition of a total import ban on tro icaltimbe
products, may have an initial'shock' impact on tropical deforestation in Indon
However, this may be short-lived as dynamic factors in the econom - notabl th h'f'
of processing capacity or the transfer of permanent production forests to conversion
forests - may take hold. Both forms of trade intervention clearl jin se hi h
costs on indonesia's forestry industries. SurprisingIy, a high sawnwood export tax would
appear to make little headway in the short run in achieving its stated ob'ective f
development of Indonesia's plywood sector.

Third, an import surcharge on tropical timber imports would have minimal distortion
impacts on Indonesia's timber trade - provided that it was imposed at a level of less th
5%. A more pertinentissue is whether this policy is the correct means for raisin f rid
for sustainable management of production forests and whether the financin rated to
be sufficient for the task.

Finally, improvements in sustainable timber forest management and re ulation b
Indonesia could raise log harvesting costs but there may not be such si nificant' t
on Indonesia's processed products and trade. The reduction in timber-related
deforestation in Indonesia resulting from the policy may not be full co tured b the
model.

In sum, there seems lime scope for the use of trade policy interventions as a mean to
reducing tropical deforestation in Indonesia. If there is concern over timber-rel red
deforestation, a more appropriate approach may be to deal more directl with the roblem
by improving sustainable production forest management and regulation at the timber und
level. However, a key factor is whether the Gol has sufficientincentive to ensure th t
better forest management policies are implemented and enforced. B ensurin access f
sustainably managed timber to import markets and by providing financial assistan f
Indonesian policy efforts, the ina, jor tropical timber consumer countries could o a 10
way toward encouraging the appropriate incentives for action by the Indonesian
government.

,
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Table I. Tropical Deforestation in South East Asia and Other Regions 11

SE ASIA msuLAR

Indonesia

Papua New Guinea
Malaysia 21
Philippines
Brunei

OTl{ER SE ASIA 31

Total Forest

Area

(inn ha)

Undisturbed

Operable
Forest

(inn ha)

167.3

Myanmar
Thailand

TOTALSEASIA

AM^ONIA

CENT^AFRICA

OTllER REGIONS

WORLDTOTAL

108.6
33.5

18.4

6.5

0.3

39.3

72

Annual

Deforestation

('000 ha)

31.2

8.1

206.6

613.6

167.1

58.4

1045.7

1707

Total'IMF
area

derorested

(inn ha)

Notes: 11 Unless indicated, 1990 estimates based on R. Schmidt, "Sustainable Management
of Tropical Moist Forests", Presentation for ASEAN Sub-Regional Seminar,
Indonesia Forest Resources Division, Forestry Department, FAO, Rome, January
1990. Note thattropic@! moist forests are defined as broadleaf high closed tropical
forests, including wetland and mangrove forests but excluding the deciduous dry
forests of South Asia, sub-Saharan Africa and sub-tropical South America. in
1988, the FAO estimated the total area of antropic@! closed forests (including
deciduous dry forests) to be 1269.6 million ha.

21 includes forests from Peninsular Malaysia.

31 End of 1980 revised estimates based on Forest Resources Division,
Forestry Department, /In Interim Report o11 the St@te of Forest Resources in
the Developing Countries, FAO, Rome, 1988.

41 May indude estimates for Thailand and Myarunar.
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22

255

110

5

34618

117

90

453

107

<10

652

102

244

2053

4/29

325

1900

8480

NA

>117

100

30

177 41

424



Table 2. a. Sources orDeforestatio" in Tropical Countries, 1981-1988 at

Forestry

Agriculture

shifting antivaiors d

permanent agriculture:
- pastures
- permanent dolls
- arable land

Mining and related industries

Hydroelectric muchdion

Residual 81

Brazil

2 d/

89

13

(23)

Notes:

Indonesia U

76

40

4

32

<3

9

at Percentage shares in deforestation refer to averages for the respective period.
U Data refer to the 1980-1990 period.
d Figures in parentheses show the results of the FAO for 1980. These data include also market oriented farmers who
produce cash and export dons and engage only partly in shifting @1nvation.
or Deforestation due to logging is due to charcoal podudion.
of The figure in parentheses refers to the estimation of Enquete-Koninission am Schutz der Erdatrnosph5re Scfo"^ der
troyiche" W61der, Deutscher Bundestag 11, Wabiperiode, Drucks"be 11n220 24.05.1990 Bona 1990. The catsulation
includes only Indonesia and Brazil, since these countries cocm, nt for the largest chare in dear cotling by the forestry ^clot.
ff This percentage rate is based on the assumption that the percentage share calculated for shifting coinvators can be taken as
an average for the 1981-1988 period
81 This includes other industries, housing, infrastrudure services and fire loss.
b/ The residual has been calculated from the data in this column which includes data horn different periods.

80

59

(67)

Calmercon

4U

2

o

21

o

2

19

100

All Major
Tropical Forest
cointries

92

(95)

<0.3

2

(10) of

(83) ,

o

Table 2. b. Sectoral Share in Forest Degradation and Forest Modification 1981-85 at

Percentage Share in Biomass Reduction roegradation) Percentage Share in Forest Modification

Total U

8

o

5

3

11

Sector

un

(47)

o

o

Forestry 6

Agricultured/ 85
01hers of 9

36

17

3

16

o

Brazil mimesia

ina

Notes: allaor the definition of modification and biomass reduction (deeradation) see FAO, Tropical Fore, , Resouce, , FAO Forestry
Paper 30, Rome, 1982.
U Total refers to all major rain forest countries.
of Following FAO statistics, deforestation in virgin forests is O, since daring by agriculture and other sectors concentrates on
disturbed forests. Even though some daring occurs in virgin forests, there is reason to assume that the bunk of deforestation is
due to forests that have been logged over prior to the clearing of the respective areas.
d/ These figures have been derived from Table 2. a and reflect averages for the 1981-1988 period or in the case of Indonesia,
the 1980-1990 period.

T. Amelung, 'Tropical Deforestation as an International Econm, "c Problem", Paper presented allhe Egon-Sohnen
Fin, ridation Conference on Economic Evolution and Environmental Concerns, Unz. Austria, co-31 August, 1991.

2U

(13) h/

Calmero0n

44

49

7

Source:

10

90

o

10

76

13

Brazil

(100) d
o

o

Indonesia

(100) d
o

o

Carriercon

98

2

o

Total U

71

26

4



3. a. Forest Areas in M^jor South East Asian Tropical Timber Countries (sq km) at

Thailand

Malaysia
Peninsular

Sabab
Sarawak

Total

Land Area

Philippines

Papua New Guinea

513,115

Total

Forest Area

indonesia

131,596
73,711

123,253

300,000

Total

Notes: at Based on P. F. Burgess, "Asia", Chapter 5 in D. Poore a al. , No timber Mrfoo"t frees: &, stain@binty, in Ihe 77^foal Fore, ,
^Itscan Publications, London, 1989.

142,958

Permanent

Protection

Forest

468,860

1,930,270

63,532
44,869
94,384

3. b. Production and Yield Potential in M^jor South East Asian Tropical Timber Countries at

NA

3^40,805

Permanent

Production

Forest

63,830

359,000

10,679
6,000

24.21iO

1,439 700

NA

2209,173

Conversion

Prodiretion

Forest

Malaysia
Peninsular

Sabah

Sarawak

16,000

34,507
29,984
32,400

NA

490,410

548,089

NA

Philippines

Total

Production

Forest

44,030

Permanent

Production Forest

(withon ha)

indonesia

9,100
4,080

37,784

NA

Total

338,666

NA

Remaining
Virgin
Forest

479,587

Notes: at Based on P. F. Burgess, "Asia", Chapter 5 in D. Poore a al. , N@ limber mrho", Trees: &, sigmability in Ihe Tr^teal Forest
Earthcoan Publ^lions, linchn, 1989.

o

2.85 W
3.00

3.24

43,607
34,064
70,184

NA

305370

NA

356,334

4.40

44,030

Sustained Yield

at 1.5 in' per year

U The author does not explain the discrepancy between Tables 3. a and b over the size of the permanent produafon forest in
Peninsular Malaysia.

33.87

9,600
7,815

50,387

NA

4736

644,036

4,275,000
4,500,000
4,860,000

6,600000

50,805 000

71,040,000

835,921

10,420

NA

524,000

Sustained Yield

at 2.0 in' per year

602,222

5,700 000
6,000,000
6,480,000

8,800,000

Annual Timber

Harvest (in')

67,740 000

94,720,000

7,914,328
11,739,262
11,470,000

3,433 774

28,500,000

63,057,364



3. c. Production and Trade of Wood Products in M^jor South East A ' T
(1989 '000 in')

Indonesia

Malaysia

Products

logs
sawnwood

plywood
veneer

Papua New Guinea

logs
sawnwood

plywood
veneer

Production

Philippines

23,684. O
10,546. O
8,500. O

53.9

logs
sawnwood

plywood
veneer

Thailand

38,000. O
7,660. O
1,001. O

445.0

imports

logs
sawnwood

plywood

Total SE Asia
Producers

0.0

0.0

0.0

00

veneer

1,700. O
118.0

18.0

00

logs
sawnwood

plywood
veneer

Total rrTO

Producers d

Exports

10.0

197.0

15.0

5.3

2,773. O
975.0

3410
75.0

0.0

2,692. O
8,040. O

29.0

logs
sawnwood

plywood
veneer

Total World

Producers d/

0.0

0.0

00

00

1,770. O
1,160. O

185.0
60.0

21,100. O
5,134. O

915.0

248.7

ADCU

bys
sawnwood

plywood
veneer

Notes: at Based on international Tropical Timber Council, Elema, tsjbr Ihe 1990^, muglR d,
foberSit""t, 0", Tenthsession, Qinio, Ecuador, 29May-61une, 1991 "
U ADC = Apparent domestic consumption.

of rTro = International Tropical Timber Organization.

or NIIropical and temperste timber producers derived from FAO, Fores, Aod"CIS Ye@, book 1989 Rome 1991.

dindudes veneer sheets, plywood. particle board and fibreboard (compressed and non-coin essed .

23,684. O
7,854. O

460.0

24.9

393.5

12.0
3.0

0.0

68,827. O
20,459. O
10,045. o

633.9

1,260. O
30

00

0.0

logs
sawnwood

wood panels d

1,135. O
744.0

4.0

2.0

17,810. O
2,723. O

101.0

201.6

126,967. O
48,846. O
12,115.6
1,057

60

438.1
130.9

53.1

I^385
953.0

22.0

73

440.0
115.0

18.0

0.0

1,677,454
000,685
129 108

00

300

35.0
5.0

2536.7
1,0835

592

425

3,160.5
548.9

213.1
21.9

22,366. O
8,297. I
9,120.9

335.8

130,230
100,231
28,692

2,905. O
1,874. O

154.0
57.0

25,749.2
9^18.1
9^652

5555

47,999.5
13,114.9

946.1
305.4

124,846
99,088
28,443

103,545
40,114
2,609.6
1,927

1,682,838
501,828
129,357



Table 4. Export Taxes and Bans on Tropical Timber, South East Asia, 1989

Country

Lidonesia

Malaysia:

Tax RatelExpor, Policy

20% @d relora, , on logs

Specific exporttaxes on sawn
timber, ringing from Us $250-2400
per in .

Peninsular

Papua New Guinea

Sabali

Log export ban since 1971.

No specific exporttax or ban but see The Sabalitimber royalty has a strong orport
tax feature: the royalty rate for log exports isremarks.
almost 10 times the rate for logs used
domestically.

Tax applies to one hardwood species only.

Tax reported to have been widdy evaded
tlirouglitransfer pricing. Log export ban
proposed.

Philippines

Remarks

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

Spedfic exporttaxes on sawn timber
introduced in 1989; plywood exempt from all
export taxes.

SanawalE

Source:

15% @d unlore", of f. 0. b. log values

10% of f. ob. log values

Gi"is (1990).

Logorportsrestridedt025%of Ostensibly to controldeforestation.
annual allowable cot since 1979.



Table 5. Indonesia - Timber Trade Simultaneous Eq, ,ation System and Deforestation Eqi, ation

I. Roundwood Market

QL1 = 30868.4 + 0,172*(RFXLl-XIT. ,I-ROYL1) - 0,433*CSTLl
(2.43) (2.59) (-1.1)

^, I - 165246.2 - 34562.3*(RFXu/(PLTENc'BER)) - 4.74*YPCML+ 1,397*popML
(-2.64) (-2.03) (-151) (2.83)

CONL1= 2513.5 + 2.09*OSW1+ 1.43*OFWi
(0.96) (2.08) (1.43)

2. Sawnwood Market

QSW1 = 776.3 + 0,011*RFXSW1 + 0,427*CAPSW1 - 0,021*(CSTSWl+RFXLl-xiLl)
(1.32) (2.00) (3.94) (-1.41)

XSW1= - 2149.3 - 0,029*(IEXR*RFXSWD + 68.27*JAPn, ID - 0,201*YPCMSW
(-2.24) (-1.96) (5.66) (-0.98)

CONSW1= - 5914.5 - o. 106*RFxswi+ o, 000077*popi+ 34.6*GDFi- o, 209*inDVA
(-0.89) (-2.43) (1.19) 0.90) (-1.82)

3. Plywood Market

QPW1= 537.8 + 0,0042*(RF>^un + 0,706*(CAPPW1) - 0,008*(CSTPWl+RFXLl-xiLl)
co. 73) (1.41) (5.45) (-1.48)

>^W1 = - 43836.4 -1537.9*(RFXPwj/(PHIPw*ExR)) + o. 943*YPCMPw
(-9.45) (-2.34) (4.71)

+ 0,148*popMPw - 104.2*MFXU\/

(8.33) (-6.65)

CONPW1= -7014.6 - 0,0033*RFXPW1+ o, 000055*popi

(--3.96) (-2.59) (4.16)

t = 1968-84

SE = 5534.3
DW = 0.76

Deforestation Equation

LNG, /A. ) - LN(I-FA) = 0,875 - 5,695*LOGA - o, 013*popD + o, 00037*GDPA+ o, 997*088
(4.45) (-1. '" (-5.82) (2.84) (4.40)

t = 1968-84

SE = 6131.6
DW = 0.89

t = 1968-88
SE = 3679.5
DW = 0.86

t = 1968-88
SE = 702.8
DW = 1.53

t = 1974-88
SE = 315.5

DW = 2.13

t = 1968-88

SE = 452.8

DW = 1.63

t = 1975-88

SE = 371.3

DW = 1.75

t = 1975-88
SE = 370.9
DW = 1.97

t = 1975-88
SE = 219.7

DW = 1.75

R2 , o. 51
SE = 0.82

DW = 1.57



Table 5. Indonesia - Timber Trade Simultaneous Equation System and Deforestation Equation (cont. )

Dependent Variables

QU
XLl

CONU

Qswl
XSWl
CONSWl

QPWl
XPWl

CONPWl

F1A

industrial roundwood produdion ('000 in')
Industrial roundwood exports ('000 in')
Apparent domestic log consumption CooO in')
Sawnwood and sleeper production ('000 in')
Sawnwood and sleeper exports ('000 in3)
Apparent domestic sauniwood and sleeper consumption ('000 in')
Plywood produdion ('000 in')
Plywood orp. rts ('000 in')
Apparent domestic plywood prod"dion ('000 in')
Forest area(F) per total land area (A), kin2

Independent Variables

RF>Q. ,I
xiU

ROYU

CSTU
PLTENC
ERR

YPCML
PopML
RFXSWl

CAPSWl
CSTSWl
JEER

JAPIND
YPCMSW
popi

GDFl
11^DVA
RF><FWl
CAPPWi

CSTPWl
PHIPW

YPCMPW
popMPw
MFXU\r
LOGA
PopD
GDPA
088

Log export prices (unit values) in domestic currency (Rp/in')
Log export taxes (Rp/in')
Ing royalties and other taxes (Rp/of)
Logging and log transport costs (Rpini')
Average world price of temperate non-coniferous logs cos$/in')
EXchange rate, hidonesian Rupiah (Rp)/IIS$
Average GNP per capita of Indonesian log importers cos$)
Average population of hidonesian log importers
Sawnwood and sleeper export prices (unit values) in domestic currency(Rpftii')
Sawmill capacity ('000 in')
Total input sawmill costs (Rp/in')
EXchange rate, Japanese yen (\)/R. p
Japan - industrial production index 1985 = 100
Average GNP per capita of Indonesian sauniwood importers cos$)
Indonesia - population
hidonesia - GDP deflator index 1980 = 100

Indonesia - industrial value added, Rp binlion
Plywood export prices (unit rel"es) in domestic omency (Rp/in')
Plumill capacity ('000 in')
Total input plyinill costs (Rp/in')
Export wholesale Tokyo spot price of Philippine (Iuan) plywood cos$in')
Average GNP per capita of Indonesian plywood importers cos$)
Average population of indonesian plywood importers
Average world manufadures export unit values index 1980 = 100
Roundwood production per total area ('000 in311<In2)
Population density (^er kin2)
GDP p^, copit^ ('000 RPA, ,,,')
Dummy variable for 1988

Statistical Data

Time period of the regression
Standard error of the regression
Durbin-Watson statistic

R-squared statistic

Notes All values are in constant (1980) prices; t-statistics are indicated in parentheses under the relevant
coefficients.

SE
DW
R2

,



Table6. Comparative PriceElasticityEstimatesf SothEa ' ' '

I. This Study
Indonesia - log supply
Indonesia - log export demand a/
hidonesia - sawnwood supply
Indonesia - sawnwood domestic demand
Indonesia - sawnwood export demand
Indonesia - plywood supply
hidonesia - plywood domestic demand
hidonesia - plywood export demand b/

2. Constantin0 (1988a) cl
Indonesia - sawnwood export demand or
Indonesia - plywood export demand
importers-elasticity of subst. ,tropical andtem ratesa d
importers -elasticity of subst. tropical andtem Grate I d
World - elasticity of substitution source of onin sa cod
World-elasticity of substitution source of on in I d

3. Vineent(1992) e/
Peninsular Malaysia - log supply
Peninsular Malaysia - sawnwood supply
Peninsular Malaysia - sawnwood domestic demand
Other tropical exporters - log export supply
Other tropical exporters - sawnwood ex rt su I
importers - tropical log demand
importers - tropical sawnwood demand

4. Vineent(1989) ^
Malaysia - log supply
Malaysia - sawnwood supply
Malaysia - plywood supply
Malaysia - sawnwood domestic demand
Malaysia - plywood domestic demand

Other SE Asia exporters - log supply
Other SE Asia exporters - sawnwood sup I
Other SE Asia exporters - plywood supply
Other SE Asia exporters - sawnwood domestic dem d
Other SE Asia exporters - plywood domestic demand
importers - SE Asian and Malaysian sawnwood demand
importers - SE Asian and Malaysian plywood demand

Time

Period

1968-84
1968-84
1968-88
1968-88
1974-88
1975-88
1975-88
1975-88

Short Long
Run Run

0.20

- 1.51

0.27

- 0.36
- 0.68

0.31

- 0.91
- 0.46

See note - 0.08 - 0.21
1975-85 - 0.26 - 0.58
1975-85 1.30 2.11
1975-85 0.75 1.23
1979-85 2.50 4.39
1979-85 4.56 12.3

1973-89
1973-89
1973-89
1973-89
1973-89
1973-89
1973-89

1.1

1.7

- 0.55

2.7

0.7

- 1.59

- 5.67

1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85
1960-85

0.64
1.00

1.00

- 0.27

- 0.94

0.46

1.00

1.00

- 0.53

- 0.85

- 1.22

0.46



Table 6. Comparative Price Elasticity Estimates for South East Asian Tropical Timber (cont. )

Notes at Export price of hidonesian logs relative to average world price of termperate non-
coniferous logs.

b/ Export price of Indonesian plywood relative to export wholesale spot price of Philippine
(Iuan) plywood.

c/ Elasticity of substitution between sources of origin is defined as the percentage reduction in
the ratio of imports from two different countries if the ratio of import prices of the two
countries increases by one percent.

or Based on Buongiom0 (1979) for coniferous sawnwood.

e/ Elasticities based on Cardellichio at o1. (1989). Note that in the latter study, Indonesian
sawnwood and plywood supply are both estimated to have elasticities of 0.7, and hidonesian
sawnwood and plywood domestic demand have own-price elasticities of - 0.92 and - 1.55
respectively.

ti" Elasticities for sawnwood and plywood supply were assigned a value of one in the analysis.



Table 7. Indonesia - Timber Trade and Tropical Deforestation Simulation Model

Key Variables

I. Prices (Rp/in3)

Log border-equivalent price (unit value)
Sawnwood export price (unit value)
Plywood export price (unit value)

2. Quantities ('000 in3)

Log production
Log domestic consumption
Sawnwood production
Sawnwood exports
Sawnwood domestic consumption
Plywood production
Plywood exports
Plywood domestic consumption

3. Deforestation Gun2)

Base Case (1988)

Base Case 1988 Values Actual 1988 Values

Total forest area

Armual rate of deforestation at

36,714
333 930

458,179

Notes: at No data available

b/ Not calculated in simulation model but based on Schmidt (1990). See Table I.

28,766
28,480

9,351
2,923
6,427
7,770
6,383
1387

NA at

262,013
464,124

29,819
28,887
10,290

3,083
7,207
7,733
6372

1,361

1,401,163
13,150

1,401,144
13,150



Table 8. Indonesia - Timber Trade and Tropical Deforestation Simulation Model

Policy Scenario - Sawnwood Export Tax (% Change over Base Case)

Key Variables

I. Prices (Rp/in3)

Log border-equivalent price (unit value)
Sawnwood export price (unit value)
Plywood export price (unit value)

2. Quantities ('000 in3)

Log production
Log domestic consumption
Sawnwood production
Sawnwood exports
Sawnwood domestic consumption
Plywood production
Plywood exports
Plywood domestic consumption

3. Deforestation Gun2)

Total forest area
Armual rate of deforestation

10% Tax 50% Tax

0.70%

0.98%

0.05%

100% Tax

Notes: at A negligible increase over the base case forest cover of 44 sq kin.

3.35%

4.72%

0.23%

0.16%

0.15%

0.33%

2.26%

0.55%

0.01%

0.01%

0.05%

250% Tax

6.39%

9.01%

0.44%

0.77%

0.74%
1.58%

- 10.89%

2.66%

0.07%
0.03%
0.25%

700%

Tax

- 14.07%

- 19.84%

- 0.97%

- 1.47%

- 1.42%

- 3.01%

- 20.79%

5.07%
0.13%
0.06%

0.48%

29.03%

- 40.93%

2.00%

0.00% a/'
0.3%

3.23%
3.12%
6.64%

- 45.79%

11.17%
0.29%
0.13%

1.06%

0.02%

1.60%

6.66%

6.44%

13.69%

94.47%

23.06%

0.60%

0.26%

2.18%

0.03%
- 3.06%

0.06%

6.73%

0.13%

13.88%



Table 9. Indonesia - Timber Trade and Tro icalDefor tat' S'

Policy Scenario - Import Ban and Revenue Raising Taxes (9 Ch

Key Variables

I. Prices (Rp/in3)

Log border-equivalent price (unit value)
Sawnwood export price (unit value)
Plywood export price (unit value)

2. Quantities ('000 in3)

Log production
Log domestic consumption
Sawnwood production
Sawnwood exports
Sawnwood domestic consumption
Plywood production
Plywood exports
Plywood domestic consumption
3. Deforestation Gun2)

Total forest area

Annual rate of deforestation

Total Import
Ban a/'

I% Revenue

Raising Import
Tax by

Notes: a/ Largepricechangeswereused deliberately to constrains d
zero in this simulation and therefore areno longer endo enousl t db
Also, the functional form of the deforestation e uation and its t'
dataimplythatthelargechanges in logproductionassociatedwithth b
cannot be used to predict reliableIy the effects on forest cover and d f t
priceanddeforestationeffectsareeliminatedfromthis o1ic sce I

b/ A total of Us$23. I million (1980 prices) in revenue would be raised, with Us$5.8
million and Us$17.3 million from Indonesian sawnwood and I o0d
respectively.

of A negligible increase over the base case forest cover of 53 sq kin.

or A total of Us$113.9 million (1980 prices) in revenue would be raised, with
Us$28.5 million and Us$85.4 million from Indonesian sawnwood d I'
exports respectively.

28.33%
27.37%
10.64%

- 100.00%
30.01%
43.84%

- 100.00%
214.51%

5% Revenue

Raising Import
Tax or

0.17%

0.11%
0.21%

0.04%
0.04%
0.03%
0.23%
0.06%
0.04%
0.10%

0.23%

0.82%
0.54%
1.03%

0.19%
0.18%
0.14%
1.12%

0.30%
0.22%
0.51%

1.12%

0.00% c/
0.41%

0.01%
0.72%



Table 10. Indonesia - Timber Trade and Tropical Deforestation Simulation Model

Policy Scenario - Sustainable Timber Management(% Change over Base Case)

Key Variables

I. Prices (I^. PIm3)

Ing border-equivalent price (unit value)
Sawnwood export price (unit value)
Plywood export price (unit value)

2. Quantities ('000 in3)

Log production
Log domestic consumption
Sawnwood production
Sawnwood exports
Sawnwood domestic consumption
Plywood production
Plywood exports
Plywood domestic consumption

3. Deforestation Gun2)

Total forest area

Aimualrate of deforestation

25% Rise in
Harvest Costs

41.59%
4.04%
2.86%

50% Rise in
Harvest Costs

0.94%

1.37%

1.89%

1.03%
2.28%

0.87%
0.38%
3.12%

83.06%
8.09%

5.72%

1.87%

2.73%

3.77%

2.05%

4.55%

1.73%

0.75%

6.24%

0.02%
2.28%

0.04%
4.23%



I. Barbier (1987) points outthat much of the reported decline in log production over th
initial period 1979-82 can be attributed to depressed world rices for anti be od
and therefore, was not necessarily attobutable to less exploitation because of in eased
processing activities. Moreover, there has always been a discreparic between offi'all
reported harvesting levels and rates based on processing industry output. For exam I
official logging statistics suggested that total log production peaked before the ban in '
1985, at around 25.3 million in' per year and declined initialI with the ban. I
estimates of log demand based on processing industry output capacity and conversion
rates indicate that log demand reached 27.3 million in' per armum soon after th b d
of course continues to increase as capacity and output expands.

2. The time series and cross-sectionaldataused in estimatin theserelation h' d
constructing the model came from a variety of sources including World Bank FAO
IMF and Gol publications, and previous studies on the Indonesia forestry sector cite(I'
this paper.

3. The main importers of Indonesian logs over 1968-84 were China Hon K I
Korea and Singapore.

4. Given that Indonesian sawnwood and plywood are tradeables the assum tion th t
domestic and export prices of these product are highly correlated over time seems
reasonable. This is confirmed by thenmited time series dataavailableon both rt d
domestic prices.

5. The main importers of Indonesian plywood over 1975-88 were China Hon K
Japan, Singapore and USA. The main importers of Indonesian sawnwood over 1974-88
were China, Hong Kong, Italy, Japan, Korea Malaysia the Netherlands Sin a r
Thailand and UK. Given the predominance of Japan and its main South East Asi I
industrializing competitorsamong theseimporters the Japanese/Indonesian exchari to
and Japanese industrial activity proved to have strong explanatory werin the d d
for Indonesian sawnwood exports (see Table 5).

6. However, because the price of logs was represented by log export unit values iti
only included in the estimation for the period before the ban 1968-84.

7. Twenty provinces selected, spread over the Indonesian islands of Sumatra
Kanmantan, SUIawesi, Maluku, Inari Jaya and Nusa Tenggara. Data were avail bl f
the years 1973, 1979, 1981, 1982, 1984 and 1988.

8. As some of the instrumental variables were highly correlated the list of instrume t
included in each two-stage regression was sometimes modified.

9. Indonesia's real GNP per capita in 1988 (1980 prices) was approximately Us$230. A
rise in income reflects economic development and may be associated with reduced
pressure on deforestation in a number of ways: i) through animcreasing concentration of
the population in urban centers which reduces the direct pressure of rural ulations on
tropical forests; it) through changing the composition of the economy from being based
on primary extractive industries (i. e. timber, agriculture, etc) to industrial processin and

Notes



service based industries; and in) through improved efficiency and management of
resource use which may accompany economic development, again reducing the indirect
pressure of natural resource consumption on tropical forests.

10. in the simulation model, the log domestic demand equation is therefore COM, I =
77.95 + 1.5*QSW1 + 1.85*QPWl. A comparison with the regression for CONLl of
Table 5 indicates that, by the mm-1980s, recovery rates for sawmiUs in Indonesia had
improved slightly, whereas they had deteriorated somewhat for plymills. This seems
reasonable intuitively, given that by the 1980s the expansion in sawmill capacity as the
Gol attempted to improve efficiency and quality, whereas plymill capacity was
deliberately encouraged to expand.

11. For a review of the arguments, see Barbier at o1. (1992).

12. The UCBT countries are Belgium Denmark France Germany Luxembourg the
Netherlands and the United Kingdom.

13. One problem is that the scale of financing required may be well beyond what can be
raised from either an import or export surcharge levied on the trade. For example
Agenda 21 of the UN Conference on Environment and Development has estimated that
international of over Us$1.5 billion annually will be required by tropical forest countries
to reduce deforestation (Inc 1992).

14. Tre. SPC^$3 is a forestry term that refers to losses due to logging theft, which could also
be extended to include losses due to graft. High-grading refers to the removal of high-
valued timber and leaving a degraded timber stand.
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I.

One of the main objectives of this study was to evaluate alternative timbe trad I'
options through comprehensive analysis of the economic gains and losses for rod
and consumer countries. ' This requires the development and a liontion of on
formal analytical models to test alternative policy options in a consistent framework d
using standard economic criteria, to provide coinpa^ble quantitative measures.

Formal analysis of tradepolicy options at ag!ob@!levelis necess fortwo r :
firstly, the mandate of ITTO and the scope of this study are lobal' secondl
international marketsfortimberproductsarerelativelywell-into rated with d bl
scope for substitution among alternative species and sources. Hence virtualI an
intervention affecting the tradein tropical timber products can beex red to h I bal
impacts, both direct and indirect, on the level and patterns of trade in timb r od
Early workfbrthisstudythereforeincludedareviewoftheleadin eco d I f
global forestsectorttade, in order to to determinetheir tentialfbranal b d
trade flow impacts and the aggregate wentire effects of trade coli interventions.

Any modelling exerciseinvolvessomecompromisebetweenthedesireto tf all
relevantvariables with the minimum of assumptions and the uall jin wilt eed f
clarity, as well as constraints imposed by data computing power and time. One of th
weaknesses of global economic models arises from themevitable sim I'fi t' d
generalization of markets. Aggregation of product categories and markets can I' 't th
sensitivity of global models, hence the reliability of results.

A specificaimofthisstudywasto analyzealtemativetrade it o tionsi to f h
economic gains and losses for different producer and consumer countries. This jin I'
modelwithareasonabledegreeofgeographicdetail to distinguish ina'or rod d
consumer countries, as wellas product detailto distinguish hardwoods from soft d
and raw materials from finished goods. At the same time because internationalti b
markets are relatively wellintegrated, policy interventions in one market (product or
country) can be expected to affect other markets (products or countries). Hence an
appropriate model must not only be able to distinguish individual countries but it t
alsobeabletodescribetheeconomiclinksbetweenthemand in adjcul th I f
prices in determining the patterns of trade. This is necessary in order to account f
shifts in trade arising from policy-induced changes in demand or suppl at a coun
level. Thus two criteria used to assess alternative modelling a roaches were th I I f
geographic and product detail possible and the sensitivity of links between mark ts.

introduction

See ITIO Activity Progress Report(PCM(IX)/4, 24 October 1991).
G. 2



2.

Having determined the kind of modelling approach required to achieve the aims of this
study, the next step was to identify what kind of models actually exist or are possible to
construct with the available data and knowledge. An initial review of previous efforts and
publications in forest sector trade modelling helped to define the analytical options and led
to a number of valuable contacts. LEEC received considerable assistance in this regard
from the staff of the UsDA Forest Service the United Nations Food and Agriculture
01ganization (FAO) and from faculty at the Universities of Melbourne, Maryland and
Kid. Based on this information, LEEC attempted to assess the strengths and weaknesses
of the differenttypes of models. The decision quickly reduced to a choice between using
an existing model or developing a new model from scratch.

A good representation of the state-of-the-art in forest sector and trade modelling is
contained in three CIN'TRAFOR publications: Cardellichio et a1. (1987), Haynes et at.
(1992) and Adams'at at. (1992). Probably the most sophisticated model of the global
forest sector that LEEC considered for use in this study is the Global Trade Model
(orM), developed by the International Institute for Applied Systems Analysis (11ASA)
under the Forest Sector Project (1981-85). The orM is a sophisticated model designed
to make long-run projections of international trade in a variety of forest products
(excluding pulp and paper). Although not explicitly intended for use in comparative
statics exercises, i. e. the analysis of alternative trade policies the GTM can be used to
illustrate how different policy assumptions affectthe industry over the long-run. A major
strength of the orM is endogenous price estimation. This means that prices will adjust
to accomodate changes in costs or in demand, as they do in the real world. The market
equilibrium is calculated through an iterative algorithm based on timber harvest and
delivery costs, processing costs, international transport costs, trade barriers and product
demand in all regions covered.

Although LEEC did not adoptthe orM for policy simulation analysis, the modelthat was
used eventually (see below) is itself a version of the orM and shares many of the same
strengths and limitations. Some description of the original modeltherefore may be
helpful. The orM is fully described in a book by Kanio et a1. (1987). The following
description and critique of the Gl'M is based largely on a paper by Cardellichio and
Mains (1988).

Review of Existing Economic Models of the Global Forest Sector

The Structure of the 11ASA Global Trade Model

The MASA Global Trade Modelis a $patrol equilibrium market model. In other words
supply and demand are balanced at a global level by allocating excess demand or surplus
in particular regional markets to trade. An iterative algorithm ensures that prices and
trade flows will adjust so that no excess demand or supply remains in any region. The
Gl'M is also a portiol equilibrium model, in that it describes only the forest sector
although some information from other sectors is incorporated in exogenous variables
affecting demand, eg. building and construction. The objective function of the orM is to
maximize global producer and consumer surplus, i. e. maximum producer profit and
minimum consumer cost.

G. 3



The orM includes 16 forest product categories of which 9 final 3 '
primary. The entire world is divided into 18 regions. The orM h f
modules: Timber Supply; Processing. Demand. Trade and Tnn rt. Th
for5 yearperiods, andreports the following results:themInual t' f
pulpwood removals, the volumeoftradeand conversion of I d I
and withinregions, the quantity of final productswithineach re ion the I f
in final products, and the marginal prices of raw materials and Ii al
typical planning horizon is ten periods, i. e. 50 years' The base ear ' 1980.

The principal exogenous variables in the orM are: rowth in
and price elasticities (a function of per capita GDP), the population rowth to' real
exchangerates, import tariff's, timber removalsin the USSRandEa t E '
(assumed to be setadministtatively, notmarketdriven), pollution and I' h
(assumed to havenoimpactinthebasecase). '

Criticism of the 11ASA Global Trade Model

Like any empirical model, the Gl'M suffers from man sim I'fi
generalizations which no doubt seemed unavoidable when the mad I
toneorunderstandingoftheeconomict^ICtorswhichdetermin I '
forest products or a lack of su^ciently detailed or reliable in t d ta. Th'
describes some of the major weaknesses of the GIM for use in f t
policy analysis, based again on Cardellichio and Adams (1988).

In terms of the model's specification one of the most fundamental 'ti'
is an absence of optimal controlfeatures i. e. the lack of inter-tern rel
other words, the solution of the modelin period rwillinftuenc th I
but notviceversa. The implication is that forest productmarkets I '
whichseemsunlil:elygiventherelativelylongplanninghorizoninherent(tl '
supply side) to the forest industry.

Cardellichio and Adams make detailed criticisms of the timbe d od
modules in the Gin, signalling in particularproblemsrelated to th ^
investment. On the demand side, they pointoutthattheGIM uses o I b
indicatorstodeterminefinalproductdemandwithineachre i '.. I
and per capita GDP. However, movements in these variables in b
underlying I^ICtors which affectthe demand for particular roducts . h
industrial activity driving demand for solid wood products. Dem d
include an interaction term (i. e. the product of population growth and income rowth .
Moreover, the orM relies on a linear approximation of a non-linear (constant I ' '
demand function, which is increasingly unreliable as one moves f rth f
year equilibrium, i. e. demand becomes more elastic as rices rises.

A more fundamental problem with the specification of demand in the orM ' h
to account for substitution across product categories orbetween fore t d f
products(i. e. cross-priceelasticityequalszero). In other words, themodelas h
consumers confronted with a change in relative prices will neither subst't to h
materials (eg. metal or plastic) for timber products nor substitute soft^Dad for h d d.

.
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At the same time, the model assumes that the elasticity of substitution within product
categories is infinite (eg. that all non-coniferous sawnwood is perfectly substitutable,
wherever it comes from). Recent empitical studies of substitution between tropical and
temperate timber, and between timber and non-timber products, indicate that these
assumptions may be simplistic (see for example Vincent at a1. 1991, Alexarider and
Greber 1991). In other words, the orM may not be very reliable in analyzing the impact
of trade policies which affect certain product categories or countries and not others'

The trade module of the orM also suffers from a number of technical flaws. Because
the modelfails to reflect eXchange rate fluctuations in capital and transport costs, both
price and quantity predictions are susceptible to dramatic shifts. In other unrds,
eXchange rate fluctuations will have a larger impact on demand than on supply

There are also problems with the formulation of transport costs. The omission of intra-
regional transport costs results in fillse price estimates, since the supply price is cost at
the mill while demand price is at the point of consumption. Another problem arises from
the calculation of inter-regional tnnsport costs as a declining function of the previous
period's trade volume, which creates an artificial barrier to entry.

In terms of its performance, the Gl'M is deemed to be a relatively unreliable predictor of
real bilateral trade flows. This is attributed to a high level of regional and product
aggregation, a simplistic objective function (other factors influence the trade besides
producer profit maximization and consumer cost minimization, eg. trading agreements,
relationships, perceptions, etc. ) and data problems (inadequate, unreliable, inconsistent
and out-of-date (1980)).

Price predictions with the orM are also considered unreliable, due to the foilure to
include intra-regional transport costs, I^. ilure to distinguish quality differences within each
product category, and the I^ICtthat after period I the orM uses long-run prices which
include the cost of capital, thus ignoring short-term fluctuations in the business cycle (eg.
temporary excess profits or variable cost pricing).

Sensitivit anal sis with the 11ASA Global Trade Model

The orM includes three types of trade barrier: bans, quotas and tariffs. Many so-called
bans are used to simplify computations, by setting low levels of trade to zero. Lifting
these bans in model simulation runs results in little change in total output but some
increased trade volume, with a few products affected significantly. However, the total
effect is limited by the recursive specification of the tnnsport cost function. Tiade quotas
are specified as fixed flows (eg. between USSR and Eastern Europe), or as an 'inertia'
constraint to reflect short-term trade rigidity. The latter feature results in some
anomalies, such as imports priced above domestic products, but has no effect on demand
due to the specification of the demand function. Relaxing the inertial constraint has little

' effect on total output predictions, but significantly alters levels of trade.

Other sensitivity analysis carried out with the orM included simulation of general trade
liberalization (tariffs set to zero). Effects are mixed, but generally result in increased
trade for final products but little impact on total output and prices, due to other non-tariff
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barriers (i. e. bans, inertial
function).

Simultaneoussimulationofrelaxed inertial constraints elimi t' f
currentperiodtrarisportcosting(butnochangeintaritfs)hasmixedb td :
output and trade volumes are affected both positiveI and ne t' I d
region, butthere is an overallconcentration of trade (i. e. a reduct' ' h
of trading'arcs'), andrGduCedPriCevariationacrossrejons Gr

The CmTRAFOR Global Trade Model(CG'IM)

The model used in this study to analyze the global jin a ts f '
interventionsi, theCiNTRAFORGi, baiT, ,d, Model(CorM). Th' '
of the global forest sector is maintained by the Center f I
Products (CINTRAFOR), part of the University of Washin ton, S I.
selected largely on the strength of its coverage of tro ical t' b
price-endogenoussimulation of supply and demand for hardw d d
producer and consumer countties, as wellasits detailed des t' f
relative ease of implementing policy scenarios in the model. Of
has some significantlimita. tions, many of which it shares 'th th
TradeModel. Thesemeanthattheresultsof To'coti d
out with the CorM must be interpreted with caution.

The CorM shares many features with the onina1 11ASA Gl
whichitisderived, but alsoincorporatesanumberofs' 'Ii '
particular, the latest version of the CorM is based on data t 199 .
described in three CINTRAFOR publications: Cardellichio et a1. 1988 d
describe previous versions of the CGI'M while Annex K of this re rt d b
recent revisions and up-dates. The following is a briefsumm fh
differs from the orM and the majorstrengths and weakrie f h
Like the original orM, the CIN'TRAFOR model has f
Supply; Product Supply; Product Demand and Trade. A b
between the two models, however is the level of detailin od
specification. CIM'RAFORreduced thenumber of rod t t
The seven separate pulp and paper categories of the 11ASA orM
while fuelwood was dropped altogether. New cate ones were red
coniferous from non-coniferousplywood. In addition thenurnb f
increased substantially, from 18 to 40. Most of the addition I
countties of the Pacific Rim, especially North America and S th A '

While most regionshavefully specified endogenousdemand rid I
regionsareexogenouslyspecitied, duetodataproblems lowlevel ft d '
spe(:ianzed products. Exogenously determined re ionsinclud it f
except Chile, the USSR, E. Europe and all of Africa. For th
provide output and consumption levels; trade is allocated automaticall b h
Pulp and paper production are also determined exogenousl .

3.

constraints and rigidity resulting from the trans on c t
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Like the orM, the CorM objective function maximizes producer and consumer surplus
and there are no inter-temporal optimization features. Timber supply is improved,
conceptualIy, with a conventional stumpage supply model, but data limitations still require
simplistic assumptions about harvest and delivery costs - in some cases CIM'RAFOR had
to adopt delivered log cost models, due to lack of data to distinguish stumpage values
from harvest and delivery cost. As before, timber supply elasticity with respect to
inventory is assumed to equal one' Thus timber age-class is notincorporated in inventory
dynamics despite considerable criticism of the original orM in this regard. The
breakdown of timber harvest between sawlogs, pulpwood and fuelwood is only partly
endogenous' fuelwood is essentially ignored by the CorM.

The product supply module is improved by using a new smooth function, instead of the
11ASA 'stepped' function with three levels of technology. Product supply in the CorM
is a function of variable production costs and capacity utilization, based on statistical
estimation.

The product demand module includes limited end-use influences for some products and
regions but there are still no cross-price elasticities (either for other forest products or for
non-forest products). The demand function uses a non-linear, constant elasticity form. In
some cases CIN'TRAFOR use elasticities taken from other studies.

Trade calculations are simplified, as under the orM, by 'banning' trade on many 'arcs'
where there is little current or anticipated trade volume. However, there are no inertial
constraints on trade and the CorM uses a much simpler specification of tnnsport and
tariff costs than the orM. The new modelsimply takes the difference between export
and import prices as the gross 'tnnsfer cost, ' thereby confounding transport costs with
other 'value adjustments' (i. e. tariff and non-tariff barriers).

Limitations of the CorM

For the purposes of this study, the major limitations of the CorM are the following:

. Lack of sensitivity to substitution across product categories or competition from
non-forest products;

. High degreeofaggregation across non-coniferous(hardwood) products and across
tropical producer countries;

. Exogenous simulation of supply and demand for allof Africa and all of Latin
America outside Chile.

The first point means that the CGI'M cannot accurately predictthe demand response to
price changes within any given product category, since it foils to reflect the way in which
consumers will substitute soft000ds for hardwoods, or reconstituted panels for solid wood
products or plastic and aluminum fittings for wood equivalents, for example. The
second problem has a similar effect, since the model does not account explicitly for
quality differences between products obtained from different sources or other tnnsactions
costs which constrain consumers' ability to change sources of supply at will. Both of
these problems arise from a poor understanding of consumer behavior and a lack of
reliable information on cross-price elasticities of substitution.
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The f^. ctthat many tropical producer regions are exogenously determined also unde
thereliabilityoftheCGl'M. According to themodd'sdevelo rs this was 'd bl
in many cases (Cardellichio at a1. 1989). While there is no lack of statistical information
for tropical producers, much of the a^ilable data is contradicto and unreliabl. A
result, attempts to estimate timber supply functions for these regions ield rice
coemcients that hiltopass the test of statistical significance. A ssible ex I t'
that timber supply from tropical countries is, in I^ICt not price-sensitive and that ou ut
must beexplained by other toctors. According to one argument tro icaltimber I
may be best described, at least in the short run in terms of the maximization f
rents (Vincentin Adams at at. 1992). In any event for a number of tropical re ions,
future timber supply and product demand in the CorM are simpl extra lated f
historical trends. The user is asked to believe that these re ions do not r d
changes and thus, while they may import and/or export timber products the do not
compete in any real economic sense.

Despite these weaknesses, LEEC concluded that the CorM offered the best 'I bl
framework for global trade policy simulations. Specialists in the field with whom LEEC
staffconsulted, generally concurred with this appraisal. Clearl onI a lobal od I
adequately assess the long-run, world-wide impacts of multilateral coli interventi n .Coinrehensiveco fid 00'cy ions.Comprehensive coverage of world markets for forest products in the CGI'M mat
possible a number of important analytical tasks. Detailed geogra hical s incat'
permits analysis of policy impacts on a country-by-country basis. Spatial uilibrium
with endogenous price estimation means that the CorM is particularl well-s 'red t
tracking the effects of policy on prices and competitiveness illustrutin ex Iicitl
resulting change in market share within product categories. In addition a lobal mad I
can help to evaluate the potential of global revenue-raising mechanisms b illust t' th
resulting distortion of trade. Most importantly other models are even less detailed than
the CGI'M in their treatment of tropical hardwood producers and markets.

POli

Work coined out with the CorM for this study can be divided into two broad areas: ('
updating the underlying statistical database to incorporate information up to 1990, re-
estimating structural equations and generating new baseline projections of timber
production, consumption and trade in the short-run (to the year 2000) and in the 10n -run
(to 2040); and (ii) generating and interpreting a certain number of policy scenarios over
the same period, to illustrate the economic impact of policy interventions affectin
tropical timber markets. This work is fully described in Annex K.

Regarding the policy scenariosimplemented on the CorM LEEC and CIM'RAFOR
decided to explore policy changes at !he incl;gin rather than extreme simulations for th
simple reason that radical changes tend to push the model beyond the bounds of red' ti
reliability. Marginal policy adjustments were also considered to be more relevant in
political terms. The types of policy scenarios considered included:

IIOPic@Ittinber !rode cons!rotnrs modelled as an exogenous 10% increase in the
import prices of tropical products.

Simulation with the CorM

.
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. tmpic@Ininbers"PPIy co, astroi"!s in the form of an exogenous 10% reduction in
the available timber inventory in tropical producer countries.

. trade fiber@Jizo!ion modelled as a 10% reduction in tnnsfbr costs and elimination
of log export bans

For each of these policy simulations, CIM'RAFOR was asked to compare the output of
the CGIM to the base case projections. The main quantitative criteria used for
comparison were: volume of hade, prices, output and consumption; economic welfare and
industrial competitiveness. In their interpretation of the model projections CIM'RAFOR
also discussed, in qualitative terms, issues involving product substitution and technolo ical
change which are not formally incorporated in the model.
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Terms of Reference

LONDONENVIRONMENTALECONOMICSCENTRE

These Terms of Reference relate to a sub-contract for cons It t
partofthellTOActivityentitled17ieEco"QinicLi"kg e B It
in Tropical Timber ond the S^st@moble M@,, ageme, ,t of Tropical Forests A t'PCM(I>q14). Under thes^TenrisofRef, Tenc, the Innd, ,E, ,j, , ,,,, 'y O-
hereafter referred to asU3EC, agrees toengagetheservicesofth CG '
Trade in Forest Products, hereafter referred to as CINn^. AFOR
followingconditions: ' e

CIMRAFOR will provide LEEC with a microco t d' k
existing database used with the current version of the Global Trade Mad I GTmaintainedbyCINTRAFOR. '

Cn^IRAFOR will inform LEEC of the additional st t' t' I' f
order to update the existing data base used with the GTM. Wh
is presently available to LEEC, it will be provided to CDq'IT^OR fr f h
in a timely mariner.

Subject to the availability of sufficient data and b f
difficulties, CINTRAFOR will update calibrete and debu
based on datat0 1990, generating aBaseCaseScenadowith d
global supply of and demand for timber products up to the ear 2040 AD.
OMRAFOR will compare theresults of this new sce t
with the previous version of the GTM based on data to 1987. S 't' '
the BaseCaseScenarioprojectionswillbeimplementedasa d bCIM, ,,," '

CINTRAFOR will generate additional scenarios with th GTM
policy interventions outlined in points 5 to 8 below. These s' It'
implemented separately, on the existing version of the GTM based d
or if possible on the new version of the GTM based on data to 1990. 111
CINn^AFORwillcomparetheresultsofpolicysimulationst th B '
in tenns of regional and global changes in the resource base (invento ); sh'ft
forest sector output, consumption and trade flows. trends in forest od t
competitiveness; and changes in producer and consumer su jus.

For modelu datin and o1ic simulations usin the
Cl OR Global Trade Model

I.

2.

3.

4.



5. Tropical timber trade constraints: To simulate the effect of additiona tan a
being raised againstthe import of "unsustainable tropical timber pro uc s y
consumer countries CINTRAFOR will estimate the impact of a margina exog
changein "transfer costs" betweenselectedregions-- i. e. an increase in g
between export and import prices. This simulation would affect on y re ing
between regions which include major producers and importers o .p'
nonconiferoustimber products. As part of this scenario, CINTRAF wi esi
the potential gross revenue which could be obtained from such interven ion.

Tropical timber supply constraints: To simulate the poenia
implementing sustainable forest management regimes or other cons rain
harvest in tropical regions, CINTRAFOR will estimate the impact o an exog
marginalshift in the supply curve for nonconiferous sawogs an ven g
nonconiferous roundwood pulpwood from relevant regions.

Global trade liberalization: To simulate the likely effect of removing exising
barriers to trade in antimber products, CINTRAFOR will estimate the impact o an
exogenous reduction in price differentials for all products traded interna iona y,
to reflect only average transport costs rather than transport p us va ue a j
This scenario will include removal of existing quantitative an non- an re
on exports and imports and the opening of new trading arcs to re ec p
diversion of trade to new sources (eg. outside the Pacific Rim). LEEC will attemp
to assist CINTRAFOR in the evaluation of existing tariff an non-an
restrictions.

The whole contract period covering the tasks described above is om une
October 1992. During this period CINTRAFORwillprepare a report escriing e
methodology employed and results obtained in carrying outthe tas s escri
This report will be submitted to LEEC not later than I Septem er
CINTRAFOR will revise or amend this reportto reflect written coinmen s r
from LEEC within six weeks of submission.

6.

7.

8.
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impacts of Tropical Timber Supply Constraints,
Tropical Timber Trade Constraints and

Global Trade Liberalization

EXECUTIVESU^IARY

Global competitiveness determines the impact of policy alternatives: Sustainable tropical
timber management is made economicalIy possible by higher timber prices. Various
trade, environmental and timber supply policies will impact regional and global wood
supplies and demands affecting timber prices. To evaluate the potential impact of various
policies on the setting for tropical timber management it is necessary to evaluate the
impact of changing trade flows from a number of different supply regions to consuming
countries, in effect evaluating the changing competitiveness of global trade. The
CINTRAFOR Global Trade Model(CGTM) for forest products was used to construct a
short-term baseline projection and then examine the impacts of changes from baseline
conditions by (i) constraining supply, (ii) introducing trade constraints, and (in) reducing
tariffs and trade barriers as a move toward trade liberalization. A long-term policy
scenario was also constructed to illustrate possible implications for sustainable
management.

John M. Perez-Garcia

Bruce R. Lippke

October 10, 1992

Baseline conditions in the short tenn show:

a. Shortages exist in tropical timber, not temperate hardwoods: The decreasing
inventory of tropical timber is beginning to constrain harvests significantly particularly in
Malaysia. There is no coinparable shortage of temperate hardwoods which supply large
consuming country markets, particularly in the Us, Europe and other non-Asian markets.
Even with increased sawlog production in Indonesia and Brazil the two tropical
hardwood suppliers with a large inventory, the tropical hardwood share of all hardwoods
begins to decline. Tropical hardwood sawlog prices rise steadily reaching levels 60 to
80% above 1990 levels by the year 2000' most of this price increase occurs in SE Asia.
Prices in countries with adequate temperate hardwood sources remain more stable.

b. Strong demand in tropical hardwood producing countries shifts markets away
from exports: The expected strong economic growth in tropical timber producing
countries without strong demand growth in other consuming countries in conjunction with
the declining supply of tropical hardwood logs produces a substantial shift away from
export to domestic markets by the tropical hardwood suppliers. Malaysia West becomes
an importer; Malaysia East augments processing capacity and decreases log exports to
replace markets once held by Malaysia West. Log exports trend downward and are
partially replaced by product exports.
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hih-valued d yemaincompetitivelogpurchasers:Japan's
competitiveConsumerCountries toreducelog urchas H' ' geSS
haslostmuchofjtsprocessjn coin t. - '. P"'ayinKorea, whichaslostmuchofitsprocessingcompetitiveness. w'th ,Wichoitsprocessingcompetitiveness. Withver hihl '2000 Jamjd P "Veness. With veryhighlogpricesaftertheyear

d. Productpricesareconstrainedinconsumer ' :
develoed ,. atajityofothersupplysourcesinthemore
tejrproductpriceincreaseswhichintumsqueezesth f -- ' ams
tropicaltimber. Plywoodpriceincreasesinjaanrj h rso
priceincreasesareadequatetoincreaseBrazil'ssawn d '
emperateregionwoodprocessorsbenefitfromin " "

marketshare. Whiletropicalhardwoodprocessors I f -- an gain
eastgainthebenefitofrapiddomesticdemand ro th. 0 , ya
Thetrend. h y Wooandtemperatehardwoodsubstitutes.
importsandtheprocessingofimportedlogsandincreaed Og
substitutionawayfromtropicalproducts P jinore

e. tructuralchangesintheAsia-PacificRegion will I
substitutesarenotavailable:IntheAsia-Pacific k as
hardw d. o P esubstitutionofthesesourcesfortropical

Ariant' Oryanharvestsdecline. Loginarketsinthe

thatthe' .. ierentiatedinthemodel, itiswinevident
temperlogshortagesoftropicaltimberfromAfricat E in, Wi
ogexportshasdeclinedhistoricallytheyshouldhaveth est
takin I animarets. However, thestructuralchanges
ogexportstotheextentthatAfricaWestcannotde I ' "co
term. p eavantageinthelong

origer-tenn conditions show sawlog prices continu
rateiftargeted-sustainable-harvestratescanbein. t. . Ower
tropicalhardwoodinventoryinseveralcounttiesdej' e
evelsarereducedquiCkiytomoresustainablelevels th ' arvest
Coinmer'ai b VenOry. Theestimatesusedforthe

Malas'w ' suggest aresustainable, 4mmcmfor
increases of 100%by 2010and200%by 2020. The gP'ce
coin .I- .y as eyrequiresomeharvestofthenon-
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defined commercial inventory. Malaysia West prices will rise higher than other
countries' as they become a netimporter. Malaysia East log production declines to as
low as 6 mincm by 2005 as a consequence of low inventory and then is assumed to
recover to the sustainable target of 12.4 mmcm by 2010. Indonesia remains stable at 54
mmcm beyond 2010, well above the derived 1990 harvest level of 33 mincm. Even
though these harvest rates are likely to be judged as optimistic, they still result in steadily
rising prices with demand outstripping supply. Increased harvests by Brazil and Indonesia
are not adequate to offset the other harvest declines and also service strong demand
growth. Their inventories are sufficiently large that the higher prices produce increasing
harvest levels in the model simulation unless harsh harvest constraint are superimposed.
Their harvest levels may not be forever sustainable, but they are not close to depletion of
the commercial inventory for many years'

The commodity in short supply continues to be tropical hardwood logs, not processing
capacity. European markets show no impact of shortages in contrast to SE Asia. Wit a
30% reduction in supply outside of Indonesia and Brazil, log price increases of 200%
above 1990 levels are projected by 2020. Product price increases do not keep up with
those costincreases. While consumer countties are forced to accept higher prices and do
change their consumption patterns with those high prices, tropical log prices are not likely
to flatten out and decline much untilthe results of increased investment in sustainable
forest management can support increased harvest levels. European markets show a
tendency for temperate hardwood log substitution for tropical hardwoods.

Much of the pressure on prices derives from the strong growth in demand for the SE
Asian region. Substitution by other wood products, and other non-wood materials that
may not be adequately characterized in the model, can be expected to constrain these
price increases to some extent. It should be noted that the purpose for using CGTM, a
global trade modelis to allow trade flows to adjust shifts between supply regions and
demand regions as conditions change. In comparison to models such as the UsFS model
of North America, CGTM shows much smaller softwood price increases in response to
softwood supply curtailments, as CGTM is able to source as much as 75% of a Us
supply reduction in world markets. These CGTM simulations of tropical hardwood
supply reductions show large increases in sawlog prices in spite of access to global supply
sources. The explanation is primarily the large demand growth in SE Asia with few
substitute supply regions short of substitution with softwoods which is not incorporated in
the simulation.

Higher log prices should motivate sustainable forest management. The substantially
higher log prices over time, even if constrained somewhat by substitutes, should make it
possible to economicalIy motivate more investment in sustainable forest management. In
particular, while it may not have been economic to manage the current harvest in such a
way as to increase the yield of the next harvest given the low prices in the past, these
price increases will greatly increase the rate of return for managing forests for more
sustainable production. While much of this benefit may take 25 or more years to provide
mature inventory and is therefore beyond the forecasting period illustrated, some features
such as greater use of waste material and lower-valued species could occur much more
quickly and dampen the price increases. Some increase of currently non-commercial
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timber is already assumed in the sustainable harvest targets used for th I
projections for Malaysia.

Supply constraints primarily accelerate the timing of the inn act of th d I' '
trendinharvest. One focus of environmental colic has been to t
order to preserve tropical forests. Others want to reduce the harvest
of the inventory to smooth the transition to sustainable harvest level. I th h
these pressures, ifimplemented, result in a shift or constraint to su I W' h
constraints, sawlog prices increase even faster and rise to somewhat higher peaks. A
10% supply reduction causes sawlog prices to rise another 159' b 2000. F
part, since the region is undergoing a supply reduction artheinvento d I ed
impact of an additional supply constraintis simply to accelerate the jin a t f h
and higher prices in time. A supply reduction would constitute a loss 'n Gal h
tropical timber supply countties to the degree that the reduction is inor th
avoid harvest rates falling below sustainable levels.

Timber tradeconstraintsreducethevalueoftimber slowin d th '
formcreasedinvestmentinsustainedforestmanagement. Sinceth h
tropical supply, areduction in demand from tradeconstraints ini htb ed
restoring a better balance. Such a policy ignores the need for hi her ri t
sustained management policies. Onefocusofenvironmentalmovem t h b
increasethebarriers againsttropicaltimber tradetopenalizenon-susta' bl fj
With a 10% increase in tariffs the CGTM simulation shows tr ' alh dricesdeclin'b10-20 " arWoosawiogprices declining by 10-20% by 2000. The largest impactis on 10 ex ort
consumer countries to reduce theirimports more quickl. Indonesian I d
is also off by almost 10%. While such an impact might have ne ot' t' I
the producing countries to change policy as an economic polic it is counte od
motivating sustainable management. The reduction in values reduces the
to managing for sustainable growth.

Reduced tariffsandtrade liberalization increasethe ricesfort I '
wealth gain for the region. Since higher timber prices are viewed as an '
return for managing forests for sustained-growth there has been corcem th tt d
barriers that have been introduced largely by consumer countries contrib t t I
and a short-term, nori-sustainable management focus. B 61iminatin tariff th d
for tropical timber is increased, with increasing returns to inaria in th f
there are both non-tariff barriers and tariff barriers eliminatin the to 'ff b
has a significant impact.

Reducing transfer costs by 10% as a proxy for reduced tariffs and also el'
bans on logs and products in a CGTM simulation of global trade coin et't' I
tropical hardwood sawlogpricesrising 20% by 2000. Whilethisdemand 'n d
conttibute to a more rapid depletion of the timber inventor there is a sub ta t' I
gain by tropical hardwood producers which can supportincreased investment '
sustainable management andhigher-growthforests including the otentialf h I
damage to the forests from logging activities.
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The benefits to consumer countries are also large, with significant declines in log prices
as a consequence of open markets. Since the commodity that is in short supply is tropical
hardwood logs and the hardwood producing countries have no comparative advantage in
processing, they lose some of their processing to the consuming countries. The factthat
the economic and product demand growth is higher in the tropical hardwood producing
countries than the consuming countries shifts some of the wood flow into Malaysia West,
the producing country with the greatest shortage in supply.

Overallimplications: These preliminary modelsimulations suggest that markets will
find it difficult to adjust to declining tropical timber supplies even if those countries with
large inventory increase their harvest rates to partially offset declines in other countries.
With very high economic growth in the tropical hardwood producing region it is doubly
difficult to satisfy local demand resulting in a substantial shift away from exports to more
local use of the resource. Prices should be expected to rise faster than other wood and
non-wood substitutes. This will increase the chances of new forms of substitution to hold

down the price increases. More directly it will cause a reduction in log flows into the
developed-consuming countries and a less than offsetting increase in product imports.
Even with optimistic sustainable harvest targets, substantial sawlog price increases are
suggested.

Accelerated reductions in harvests to more sustainable levels, equivalent to a supply
constraint would further increase price pressures. The outlook is therefore favorable that
log prices will rise enough to significantly improve the motivation for sustainable
management.

Decreased trade barriers would increase the demand for sawlogs, raising prices further
and adding to that motivation. Increasing tariffs as a means of putting pressure on supply
countries to manage forests on a more sustainable basis is counterproductive from an
economic perspective, as it decreases the economic motivation for sustainable
management.
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MPACTS OF'IROPICAL TnnBER SUPPLY CON
TnnBERTRADECONSTRAmTSANDGLOBAL '

INTRODUCTION

As part of the InO Activity entitled "The Economi L' ka
TradeinTropicalTimberandtheSustainableMan aiona
Center for InternationalTradeinForestProducts(CINTRAFOR h '
washingtonwasaskedbytheLondonEnvironmentajEc yO
theimpactsofaltGmatiVeSCenariOSOntropicaltimbersu I qaSSess
tradeconstraints;andtheglobaltradeliberalizationoftd ' er
noressitateanevaluationofchangesintradeflowsfr .' P 'ies
regionstoconsumingcountries; meffectevaluatin the h " "'
th CINTR ' goaycompetitiveforestproductstrademodel
implementing these policy scenarios.

The threescenarioswereselectedtosimulatetheeff t f "
ecision makers to promote sustainable forestry Tactices. Th

timbersupplyconstraintssimulatesthepotentialeffet f' "
managementregimesorotherconstraintsontimberh t. es
tropical timber trade constraints simulates the effect of dd"
raisedagainsttheimportof"unsustainable"troicalt'b '
consumer countries. Finally, the global trade liberaliz t'
effectofremovingexistingbarrierstotradeinajjtjb Gy

This document reports results using CGTM with recent d
Thereportisorganizedasfollows. Thefollowin s t' d '
employed to analyze trade policy impacts. It provides b ' fd
disfollowedbyseveralsectionsthatdescribe(i)thedta dd ; "'methodsemployedtoforecastthekeyexogenousvariabiesinth , "' ""
forforet od Pu, incudingadescriptionoffuturedemand
theyaretreatedinthemodd. Thefinalsectionsd 'b ow
implement the scenarios and descriptions of each scena '

2. MEmODSEMPLOYED

The CGTM is a spatial equilibrium model of the I b I f
I years of research; five years initially at the Internat' 11

Analysis(11ASA)in Vienna, Austria, andsixadditionaj ear t h ".' ySGm
Cdlj'h. Up at versionoftheCGTMdevelopedbyCardellichioandothersatCINTRAFOR ' '"GVelopedby

I.
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been updated to 1990 with additional minor revisions to exogenous forecasts. In the
following sections the general modelling approach used in CGTM and the methods used
to forecast the key exogenous variables in the model are described.

2.1 TheCIN'TRAFOR Global TradeModel(CGTM)

The CGTM projects production, consumption, prices and trade of ten forest products in
43 regions which comprise the globe. Figure 2.1 presents a flow chart describing the
various components of the model. Given the demand and supply for each region,
bilateral trade flows between regions, as well as transportation costs, the model solves for
an equilibrium price, production, consumption and trade flow. It takes the equilibrium
results for a base year and uses them to find equilibrium solutions for subsequent years by
considering changes in demand, production and trade levels. These changes are
implemented through submodels for timber growth, production capacity, and
consumption. A detailed description of the modelis presented in Kanio at at. (1987) and
Cardellichio at a1. (1988, 1989).

2.2 A ShortDescription of the Model

CGTM utilizes the mathematical programming approach suggested by Samuelson (1952)
and incorporated by Kanio et a1. (1987) in the 11ASA forest sector model. A partial
equilibrium solution is found by summing consumer plus producer surplus minus
transportation costs. Constraints working on the model are (i) materials balance--in each
region for each commodity, consumption equals production minus nettrade; and (ii)
production capacity--production levels lie within tile industrial capacity of each region.

Ten products are considered in the model: Coniferous and nonconiferous sawlogs;
coniferous and nonconiferous pulpwood; coniferous and nonconiferous sawnwood;
coniferous and nonconiferous plywood; reconstituted panels; and wood pulp. These last
two products are defined in the model as inputs to account for pulpwood and processing
residual usage.

The regional breakdown in the modelis the most complete for a global forest sector
model. There are 33 final product demand regions around the globe. A large number of
these regions have estimated demand functions for sawnwood and plywood. Final
product demand is specified in constant-elasticity form using one of the following
equations:

Q/I ' a*pb

where:

Q is the product consumption (min in' of product)
I is an indicator of market activity (for example, GDP or housing starts)

' Demand forecasts for allregions and timber supply constraints--mainly in the softwood
producing regions of the public sector of the Us West region--have been revised to reflect
their most likely future development.

or Q = a*pb*Id

K. 9
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P is the product prices (reallocal
a, b, d are estimated parameters

The product supply specification is:

p = C + a*Ub

C = (ST + HD)*R, + MVMC - CHIPS*R

u ' Q/K. ,

where:

P is the product price (real value per in' of product)
C is variable production cost (real value per in' of product)
U is capacity utilization
a, b are estimated parameters
ST is stumpage cost (real value per in' of log)
HD is log harvest and delivery cost (real value per in' of log)
R, is an input-output coefficient (in' of log used per in' of product)
MVMCisminimumvariablemanufacturingcost(realval ' f
CHIPS is the price of wood chips (real value per in' of chi s)
R2 is an input-output coefficient (in' of product)
Q is product output (min in' of product)
K. , is production capacity at the end of the previous year (mm in' of d

In most forest sector models the supply specification is fixed ro on' :
requires fixed proportionsofinputs. That is tosa that timber' ed
consumed in fixed proportions to product output.

The supply specification setstheequilibriumprice P ualto t
margin, wherethemarginisestimatedtobeafunctionofthesla k' "
In CGTM, changes in production capacity are made on the b fh'
profitability. A decision rule is employed to handle co ac't
ifcapacity is less than optimal, it expands. otherwise it contracts. Th
levelis determined by defining a target capacity utilization.

IncGTM, logcostisdefinedasthesumoftwocom orients:i)th f ,
standing timber; and ii) the cost of harvesting the timber and deliverin 'tt 'I. '
Not allregions have both the stumpage and the harvest and d I'
decision on whether to modelstumpage or harvest and derive r'
on their shares of delivered log prices the availabilit of data and th
estimation.

Stumpage supply is modeled as:

, , a(Q/I)"

currency per in' of product

(2. I)

(22)

(2.3)

K. 10
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where:

P is the stumpage price (real value per in' of wood)
Q is the stumpage quantity (min in' of wood)
lis the growing stock volume (min in' of wood)
a, b, are estimated parameters

Timber supply in the public sector of the Us Westis modelled as:

PIP, , a(Q/u)b

where:

P, is a 3-year moving average of past stumpage sales prices
U is uncut volume in public forests.

As expressed in the stumpage supply equation, it is assumed that changes in inventory
levels result in a one to one change in stumpage supply (i. e. the inventory elasticity is
equal to one).

The timber supply dynamics include an update of the inventory term using a growth-drain
relationship:

where:

I, ,, = I, + G, - H,

G is timber growth (mm in' of wood)
H is timber harvest (min in' of wood)

These dynamic elements of CGTM allow modelsolutions to be linked between time
periods, but do notimply an optimal inter-temporal market equilibrium solution. The
dynamic structure in the model, although a simple procedure, captures many of the
important adjustments that would be expected in a more complete representation of the
forest sector.

3. DATAREQUm^. EMENTSANDLmllTATIONS

Data are required to estimate the supply and demand equations (1) through (3).
Behavioral equations of demand and supply were not re-estimated, having been developed
with the historical period ending in 1987. In addition, since timber demand is represented
by recovery ratios and the production of finished wood products, data are required for
the input/output coefficients associated with sawmilling/plywood processing, pulp and
reconstituted panel manufacture. Finally, one needs information on transportation cost
measures and prices. Trade data are necessary to account for additions and subtractions
to the available timber used in processing finished products and the consumption of these
finished products.

In accumulating the data needed to estimate the equilibrium conditions in the model,
several data problems became evident. Data problems with timber harvest occur when

(3.2)

(4)
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under/over-reporting of harvest levels are recorded d
androdut' d e. Tobiemsalsoexistwithtimbertradedata

.pac on the equilibrium solution. Errors in themeasu .P n eequilibriumsolution. Errorsinthe
consumption, tradeandpricesofboththetimberaridf '
alsohavebeenjdentjfjedd h P. UCtiOn. Tradedataprobjemsunng the process of calibreting the model solution t 1990.Nettrade ff Poressoonlibratingthemodelsolutiont01990-e avaiable timber supply for a region. Hence mea

Productj fh PG rrorsinthemeasurementofthe
setsforthemodel, we havedevelopedadatacheckjn , ,d' rigtedata
reportinginconsistenciesoccurred yWeredata

s an example of the data checking procedure consid h
apparentconsumptionasthesumoftimberharvestsand P Ine
orJapan, harvestof nonconiferoussawlogsini990 P CS.

reportedb jin rt, ' P' So har4woodsawlogswere12. Sinmcmas
meters. , , millioncubic

hardwood giscacuatedbymuitipiyingtheproductionof

65%. productionof nonconjferoussawnwood ' y iwas6.738 UsSawnwoodwasestimatedtobe3.361mmcmand6.738mmcmfor I, d. , S'mated to be 3,361mmcmand6.738mmcmforplywood. Actualconsu tj mincmandpy ctualconsumptionoflogsisestimatedat 15,196

ince supplemental information on the Japanesedata ' I
itispossibletocheckthesedatainconsistencies. Inth' Sources,

i orconsistencies in reporting timber production d

n practice, there are a number of inconsistencies in th eal h'
favorf h- Projections. Reconcilingtheseinconsistenciesin

Undertandh gingtoallowtheinconsistencytoremainand
inaccuracyof theprojectionsbymakingarbitrarad'ust '
resultj Suppyanddemandandthereforeimpactprices
sowthelasthistoricaldatapointasanoverla withth f '. Ways
demonstratesuchdifferences pointto

To make the price series transfer smoothl from th h' to make the price series transfer smoothly from the h' t I
period, it is Customary minanymOdelStoaddaconstant h .' i ion
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history and the projection is observed. That is, the rate of change of prices is Iin to
the historical series, either to the last historical data point or some average of the last
several data points or alternatively, an autocorrelation adjustment is provided to sinoo
out the transition. Both of these procedures mask the reality of data inconsistencies an
calibration problems.

We have not attempted to correct the historical data for inconsistencies except where there
was at least strong evidence to support the adjustment. Any adjustment to the historica
data can appear to an analyst familiar with that data to be an inconsistency in t e in e .
Similarly not making an adjustment will make the projected price series show a shit
between the historical period and the projection that would appear to be a model
inconsistency instead of a data problem.

One may choose to disregard a step shift in prices by concentrating on the rate o c ange
in projected prices. Whether or not any step shift in prices beyond the rate o c ange
should be considered may depend upon the nature of the inconsistencies in t e istortc
data. The same can be said for historical versus projected volumes.

4.

4.1 Timber Harvest Levels

Two large tropical timber producers Brazil and West Africa are modeled exogenous y.
These two regions are treated differently in the model. Brazil, with its vastinventory o
timber is able to expand its marginal frontier unconstrained--i. e. , there is no constraint
placed on harvesting timber in Brazil. Brazil does not become the major producer o ogs
for the globe however, because log demand is constrained to its domestic needs, i. e. , e
log trade is not a significant economic activity. The ability for Brazil to provide
sawnwood exports to other markets allows it to expand its domestic production--
constrained by profitability, rather than its supply of logs. Brazil does increase
sawnwood exports as other suppliers are constrained.

West Africa on the other hand, with significantlog trade has production projections o
timber harvest levels. These projections were made based on historical production tren s
while reflecting expected increases from plantations after 2000. Data on the timber
harvests for these and other regions are provided in Appendix I. The lack of structura
detail for these regions limits the information that can be gained about their future
behavior under the various policy scenarios. One could testthe sensitivity of the
assumptions or attempt to more fully structure these regions in the model. Eit er
approach requires extensive effort and time beyond the scope of this study.

Exogenous Forecasts of Product Demands4.2

Consumption of sawnwood and plywood products for exogenous regions are also report
in Appendix 11. Forecasts for the exogenous regions are provided in ppen ix
Consumption of sawnwood products were forecast using GDP per capita estimates an
measures of income elasticities. Plywood consumption for these regions were determined

FORECASTOFKEYEXOGENOUSVARIABLES
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by rioting the trend in plywood to total wood-based panel consumption (which also
includes reconstituted panels) and forecasting the total wood-based panel consum tion,
again based on GDP per capita and income elasticities.

4.3

Demandshiftsforthoseregionswithendogenousdemandfunctionswer ed
forecasts of end-use indicators (see Appendix ID. For the Southeast Asian re ions, the
more important end-use indicators were GDP per capita housing starts and con t t'
activities. These demand shift forecasts were implemented for the follow'
follows:

For Malaysia, Indonesia and the Philippines the demand forecasts were b ed GDP
per capita growth and an income elasticity measure. Forecast of GDP r ca ita ar
presented in the following table. An income elasticity measure of 2.50 wa ed
reflect the changes in demand associated with per capita income rowth.

Table 4.13 GDP per capita forecasts for Malaysia Indonesia and the Phili
(in percent per year)

Malaysia

Demand Shift Forecasts

Period

1990-1994
1995-1999
2000-2005

Demand growth in hardwood products is projected to double for Mala sia East Mal
West, and Indonesia and 65% for the Philippines for nonconiferous sawnwood b 2000.
Plywood consumption is also expected to double in Indonesia b 2000. Hardwood
sawnwood consumption is expected to increase by 10% in Europe West b 2000. Th
fileUPDMDpresented in Appendix 2 liststhepercentage shiftofthedemand f
the various regions and products.

For Japan, Korea, Taiwan-Hong Kong and West Europe end-use indicators we t tal
floor area for housing starts (HSA), total floor area for all construction starts (BSA), and
real value of furniture production (FRN). Table 4.2 gives the region, the end-use
indicator by product and the assumed elasticity for these regions. Demand rowth f
Europe West was estimated using a GDP per capita forecast of 1.99 for the forecast'oddl" ecasperiod and an elasticity measure of 0.63.

A list of the most notable demand growth assumptions mightinclude: (i) demand for
wooden homes in Japan stops declining although at the lower levels ex erienced over th
last several years' Wooden homes have lost market share an importantloss in dem d
for a major consumer, given a stable housing outlook. (ii) demand growth in the tropical
hardwood producing countties is very strong especially fqr SE Asia with substantial
growth in Africa. (iii) with little population growth, demand in Europe is weak.
Collectively these provide a shift in demand away from the historicalI stron
economicalIy developed-consuming countties to the developing-producin countries.

3.63
4.13

5.05

Indonesia

3.63
4. 13

5.05

Philippines

3.00
3.51
4.41
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Table 4.28

Region

Japan
Japan
Korea

Korea

Taiwan-HK
Taiwan-HK

West Europe
West Europe*

End-"se indicators for demand and elasticities for Japan, Korea and
Taiwan-Hong Kong and West Europe

nonconiferous sawnwood

nonconiferous plywood
nonconiferous sawnwood

nonconiferous plywood
noriconiferous sawnwood

noriconiferous plywood
nonconiferous sawnwood

nonconiferous plywood

* Demand forecast for West Europe for nonconiferous plywood is exogenous.
Projected consumption levels were determined based on GDP growth and the
income elasticity measure of 0.63.

Product

5. BASE CASEREFERENCEFOR THESHORTTERM (To THEYEARzooo)

The short term here is defined as the ten-year period from the first projection year of
1990 to the year 2000. For periods so short assumptions on inventory growth can be
assumed to be relatively independent of price performance i. e. there will be little
feedback between prices and the consequences of forest management. Since the model
does not directly incorporate feedback between sawlog prices and the growth of
inventory, the analysis of shortterm projections has been separated from longer term
projections where such feedback as well as other assumptions become more difficult.
Another reason for separating the discussion on long term projections is that the declining
inventory of commercial timber in several producing countries becomes acute beyond the
year 2000 requiring additional policy and technological assumptions regarding sustainable
harvest rates. Short-term projections of the behavior of the hardwood forest products
markets for key regions have been developed. The following subsections discuss these
projections.

Indicator

HSA

BSA

BSA

BSA

FRN

BSA

GDP

GDP

Elasticity

1.00

1.00
1.00

1.00

1.00

1.00

0.63
0.63

5.1 Timber Producers in the Southeast Asia Region are an important Source of
Raw Materials

Hardwood sawlog production for the regions of Malaysia East (MAE, includes Sarawak
and Sabali), Malaysia West (MAW, includes Peninsular Malaysia), Indonesia (IDN) and
the Philippines (pHL) are depicted in Figure 5.1. With the exception of Indonesia, the
model predicts the historical harvest levels well. ' For Indonesia forecast harvests for

' Preliminary analysis of the data revealed several discrepancies in hardwood production
trade and consumption data. See the section on Data and Data Limitations for a discussion
of these problems. For Indonesia, one can estimate the harvest levels by converting
sawnwood and plywood production into sawlog requirements. Sawnwood and plywood
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1990 (the first projection period) are nearly 23% greater than the historic 11 I f 2
million cubic meters (mincm). This is largely a data problem which will be dis ed '
more detail. BothlndonesiaandMalaysiaEastshowan increase ' h I
short term; with harvest levels declining in the latter part of the dec d f M I
Harvest levels for Malaysia West decline during the short term. Th Ph'I'
maintains a harvest level of abouttwo mmcm per year. B 2000 thes
over 40% of the tropical hardwood harvest (see Table 5.1). India's r d t' ,
significant, serves domestic markets only

Table 5.13 Harvest projections for the year2000 by majortro icalh d d
producing regions (million cubic meters)

Malaysia East
Malaysia West
Indonesia #

Philippines
Papua New Guinea
Indochina
India

Africa West
Brazil

# uriadjusted harvest level

Since we have some confidence in the log-to-product recover ratios ed t
hardwoodsawlogproductionprojectionforlndonesia the ro'ectedh I
should be more reliable than history. We have not chosen to scal th h'
to be consistent with the projection as the historical data is the intern t' al bl'
series. Such a step increase is evident in Figure 5.1.

The harvest projection trends reflect a growing scarcit of timber in h
Indonesia, with a growing stock of nearly 3 billion cubic meters of coinm ' I b
reduces its inventory by 375 mincm in the short term a 13% reduction. G' h I '
timber stock, Indonesia may be expected to maintain its harvestin trend ' t th f
Malaysia East, with a stock of commercial timber estimated at 326
inventory by 40% during the first half of the decade--a eriod of som h t
harvests--and 67% during the remaining halfofthe decade when timb h
decline. Inventory in Malaysia East drops to 65 mmcm by 2000 a roxim t1 179'
the 1990 growing stock level. Continued harvests at historical Ie I "
eliminate any available inventory. Reduced timber inventories in Mala sia W t f
timber harvest levels to decline in the shortterm. An estimated 1/6 in fh
growing stock is reduced by three-quarters by 2000.

22.0
8.3

36.6
2.2

2.6
6. I

41.1

15.0
23. I

production are estimated at 9,000and 9,306 mmcm in 1990. Recover rat' f
andplywood are 50 and 48 percent respectively. Sawlog consum tion ' I
production since net trade is very small(about 0.2 mmcm of log exports): 37,356 in
Reported harvest levels are 27.000 mincm (FAO, 1991). This ste increa b t
historical data and forecast is evident in Figure 5.1.

K. 16
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The projections provide a reasonably consistent view of the re '
short-term. Planning authorities may choose to reduce the ham t
more quickly, or to maintain a high harvest level in the short - ter Th'
however, will causeanabruptfallinharvestastheinvento d I' '
Substantialchanges impricescouldinducestructuralchan tht "
techniques and the amount of volume removed per acre thereb
removed in comparison to the historical experience which would r I
downward pressure on prices. Such a structural chari e is not h
the modelbut could bejuxtaposed based on technolo ical d

Harvest levelsin Brazil are unconstrained by a large invento d '
the decade. Harvest levels in Africa West were assumed t
rising mirendafter2000(an exogenousassumption, notamodeldriven I '

Timber Consumption in the SoutheastAsiaRe ionDe us T

Trade of hardwood sawlogs in the region and acrossthe lob h
trade barriers. There are log export bans in place in Indonesia th Ph'I'
MalaysiaWestandseveralAfricaricountries. Theeff t fh '
consumption of logs in thosedomestic markets. In Southeast A ' I
provides a significantamount of hardwood logs to the internat' al k
to impose any log trade barrier. The share of East Mala sian ti b
markets is displayed in Figure 5.2. Figure 5.2 also illustr t th
originating from Malaysia East and the total export of hardwood 10 s (both t
tropical)in the world. There is a decline in the leveland share fth h d "
export market for Malaysia East. Log exports decline from 20.8 in 1990 15.
Export logs from Malaysia East decline due to decreasin timb
increased domesticsawnwoodproduction. The worlddemandf I
with world hardwood production growing 10% by 2000. In contr t Iby4%. 'roe

Timber consumption in in:^jorSoutheastAsianconsumin mark t I' h
importsfromMalaysiaEast. Figures. 3illustratesthetrendinlo f
UpN), Korea 0<0R), China (CHN) and Taiwan-Hong Kon CTHK). Lo
these regions show a declining trend with the exception of Taiwan-H K
showsaconstantlevelofimports. Withoutasuitablesubstitut fh
theseregionsareforcedtoconsumefewerlogsintheirsawmillin d I '
manufacturing processes.

Figure 5.4 illustrates hardwood sawlog consumption for the ina'or
Hardwood log consumption declines in Japan and Korea while
maintained in Taiwan-Hong Kong and consumption increases in Ch' H'
production to meet demand requires China to increase its consum ti fh d
and sustain imports.

HardwoodsuppliersoutsideofSoutheastAsiaindudeBrazil dAf' "
production increase is channeled to sawnwood exports since their I
been small. Africa West's declining trend in exports results fro eak d

5.2

K. 17
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declining prices in Europe. madditionUStemperatehardwod I' "
in European markets. Given the shortage in Asian markets th
in their log exports might be reversed by a shift awa from E
markets. Since Africa West production is an in ut a detailed al
f tabl f, ll mineteirexportpotentialtoSEAsia(seeAppendiXl

Given the greater scarcity of tropical hardwood logs in the co
Korea, andChina, andthelimitednumberofpotentialsu I' h " '
greater substitution of softwoodsforhardwoods es ian th I
market, which mightallow a more rapid decline in Ia an's h d d
While some might argue that this shift should be defined a
BASE CASE, others have pointed outthatthe curtailme t f f
underwayin the Us PacificNorthwestand futuredeclines ed '
large that they could easily counteract much of the tential b
hardwoodplywood. or

Temperate Hardwood Sources Reducethe inI act ofT ' I
Producing Countries Marketing in Europe

Unlike the Southeast Asian region log markets for tro 'cal Af '
to Europe are not well differentiated in the model. It is diff It
temperate and tropical log uses directly without knowled e of b'I t al
with access to such information, it would be hard to Gadmat th
tropical log substitution that would take place. Such a detailed at
beyond the scope of this study. Temperate-tropical substituti
wherebothsourcesexist. With the lower demand rowthinE d
increasing inventory in temperate forests thereisnoscarcit of hard cod '
countries. While countries like Africa West mightbe ex ted t h'f
Asian consumers, theirassumedproductionlevelseventuall fall h f
Brazil, however, does increase its exports in sawnwood.

Hardwood Sawlog Prices increase as Log Scarcit Gro

Log price behavior plays a critical role in sustainable for t
things being constant, rising log prices imply increasin returns t t
should allowforhigherlevelsofforestmanagementinvest t. F' '
log price behavior in the ina, jor producing countries of Southeast A ' T
(temperate and tropical) weighted average price for all hardwood sawlo s ' h
FWA. The log shortage and rising prices bein ex tienced '
countries is riotsharedbytemperatehardiryoodswhichasacons h
slower rate of price increase. The weighted average price for hard o0d
regions is lower and notincreasing compared to the increasin trend fms. E. Asia. 3 gprices

5.3

5.4

As a consequence, there is an increase in substitutes
temperate hardwoods are more readily available.

3

K. 18
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Growth rates of log price vary from 3.22% per ear forth f h
Indonesia to 10.32% for the second half of the decade f M I
Tabls. 2 gprice, andhenceretumstostumpage.
Log price increases are greatest in Malaysia. West where se I
portion of the priceincrease for Indonesiain Fi ure5.5 b I
discrepancies on volume that were described earlier. These h
increasefrom1990historicalt01990projected. The ricert f h "
excludes this discrepancy. Sincethereisprobablnotaco bl '
pricedata, onecouldapplytherateofchangeprojectionfor h
data point for an alternative price projection at least artiall d'
iscrepancies. Thesepriceprojectionshavebeenprovidedas F' 5.
Adjusted. .. priceprojections" '

Table 5.28 Rate of hardwood log price growth for selected re ions ('
1991-1995Region

Europe West
Japan
Korea
China

Taiwan-Hong Kong
Malaysia East
Malaysia West
Indonesia

Philippines
Africa West

-6.60
-0. 15
3.86
4.64

6.74

4.91

6.28
3.22
0.09

~0.78

The extremepriceincreaseforMalaysianWestderivesf 'dl "
logs in international markets related to its rapidl declinin
channelsmightbedevelopedtodiffusesuchalargepriceincrea , h '
imports from countries other than Malaysia East. However ff
placeforlndonesiahavereducedsubstantiallytheavailabl fj
international market. The modeldepictstheMala sian West k
withrapidlydecliningsupply. mrealitypriceswillnotri '
consequenttotheneedtomakestructuralchangesthato n th h '

Log prices in consumer countties increase in those Asian co t '
upontropicalhardwoods. Muchlowerpriceincreasesoccur' E "
inventories of temperate hardwoodsubstitutes. Asaconse h
upward pressure on tropical hardwood log prices from Africa West (AFW .
Chinasawlogpricesincreaseinresponsetotheirstead th ' d
consumption. Taiwan-Hong Kong'ssomewhathigher- riced and b bl
logsalsomoveuprapidlyinpricewithnearlyflatconsumtion. I ' '
remain flat with declining consumption. Korean prices rise som h
with smaller declines in consumption. Since all prices are re rted '

1996-2000

o
0.25
6.57
7.59

7.04

7.93
10.32
4.81

3.42
o

K. 19
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cross-country price differences include the impacts of ote t' I
qualitydifferencesanddisttibuttonchanneldifference as

ese price increases have an implication for sustainable f
First, ifharvestandd61ivGrycOstincreasesarecom rbj S.
realharvt dd pagesouldalsoincrease. Withconstant
tsarjopportunitytoincreasetherentcapturefromhiheri , G
application of higher royalty fees or change the contra t I
expensive logging in order to support sustainable forest
agreements. Pucion

Production of Finished Products

5.5. I Plywood

Production of hardwood sawnwood andplywoodoccu b
countti, ,__,,, hasi, done, i, _-,, din, j, ,timber, ,,,,,,, h '
n onesia has been able to substitute exports of plywood for 't I'
Indonesian, ,,,,,,,,,, the, ,, ducti, ,levels, fi, ,, th "
hardwood plywood. Figure 5.11illustrates hardwood I
Indonesia, Japan and Korea under the BASE CASE. H d
evels remain relatively constantthroughoutthe short term ' hinProduction. , sowingadecline

With nodomesticsourceofwood declining coin tit' f
costs, and a strong currency, Korea is faced with a in

raidshftf conPr uctimports. Figure5.13showstheir
bans, Indonesiahasbecomethemajorexporterofhard od I 00
demonstrates no discernable change in the level of I wood
forecast. Thisfigurealsoillustratesthenatureoftdd in
Total world exports for plywood in 1990 are re rted 14.2
reportatotalof20.4mmcmin1990 importers

The forecast for growth in the demand for plywood in I ' d'
With asuff. y @ y. andremainsconstantt02000injapan.
imports of plywood to zero in the short term as domest' ddemand. aetojjj

Projectionsofincreased construction activity in Korea th
demand for hardwood plywood increasing by 50% by 2000 (see A d"
hard d ea, aprojectedincreaseintheconsumptionof
p ywood imports are illustrated in Figure 5.13. Im on Iev I fT '
Chinaarealsoillustratedbutdonotshowacomarabj gan
majorimporteroffinishedproductasaconsequenceofit d I' "

K. 20
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processing. Taiwan-Hong Kong maintainsitslevel of log imports an cos no
increase plywood imports. Demand growth in China supports some increase in p ywoo
imports as well as active log imports.

There are problems with the historical price series for plywood, which was eriv Torn
export value and volume data. We have not attempted to resolve the discrepancy u o
believe the price changes in the projection period are still reflective of changing supp y
and demand conditions.

Price behavior for the plywood markets is illustrated in Figures 5.14-5.16. Wit t e
exception of Malaysia West, there is only a modest gain in the price or p yw in e
various markets. The rapid rise of plywood prices in Malaysia West occurs because
demand growth is much greater than supply; hencethereis noway or aysia es o
substitutesupplyfromotherregionsforitsdomesticallyproducedplyw owing
imports would reduce the Malaysian plywood price increase and constrain saw og price
increases as well. It should be noted that imports to Malaysia West are zero un er e
BASE CASE. The rate of changes in prices is listed in Table 5.3.

The fact that plywood prices are not rising rapidly and production levels are at sugges s
that the sawlog price increases are largely driven by declining supply. P ywoo ini
margins are therefore under great pressure with a shift in profits from the processing
stage to timber production in the forest.

Table 5.38 Rate of hardwood plywood price growth for selected regions
(in percent per year)

,

Region

Europe West
Japan
Korea

China

Taiwan-Hong Kong
Malaysia East
Malaysia West
Indonesia

Philippines

5.5.2 Sawnwood

1991-1995

Sawnwood markets behave differently than the plywood markets. First, domestic
sawnwood production in Indonesia and the Philippines is primarily used to meet omestic
demand. Only Malaysia West and Malaysia East export any significant amount of
sawnwood; exports of sawnwood from Indonesia have dropped significantly by 1999 due
to the imposition of an export tax in 1989. Second, Malaysia West has been t e primary
exporter of sawnwood in the past, .through the imposition of a log export an.
Nevertheless with decreasing timber harvest levels and increasing omestic eman or

0.41

0.14

0.44

0.48
0.24
0.44

4.50
0.57
0.50

1996-2000

2.43
0.40
2.64
2.83
1.49
3.72
7.70
3.32
2.95

K. 21
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sawnwood, Malaysia West steadily reduces its ex orts of
1990 to only 0.1 mincm by 2000. Malaysia East with ff '
its exportsofsawnwood to capturethe marketpreviousl h tob M I '
total, however, exports drop from 6.0 mincm in 1990 to 4.2
illustrated in Figures 5.17 and 5.18 for hardwood sawn cod
consumption. Brazilprovides 1.6 mmcm of increased ex rt b 2000
portionof theAsiandefjcjt gpra

Japanese import levels of sawnwood however are maintained ' h
are maintained at about 3.5 mmcm. Imports by Korea China d T '
decline as a consequence of reduced availability. These trend f h
illustratedinFigures. 19. mare

Price projections for sawnwood increase steadily in Mala sia Ea d
the plywood market, sawnwood prices in Mala sia West in
These price projections for the three regions are shown ' F'
the priceprojectionsfortheJapanese KoreanandEuro k
Figure 5.20. Finally, rates of price growth are provided in T b1 5.4.
growth in Brazil to support increased exports. Africa West
dictatedbystableEuropeanmarkets '

Tables. 48 Rate orbardwoodsawnwood price growth for selected regions
(in percent)

Region

Europe West
Japan
Korea
China

Taiwan-Hong Kong
Malaysia East
Malaysia West
Indonesia

Philippines
Africa West
Brazil

0.74
0.32
1.61
3.60
5.56
0.99
9.05
2.62
7.38
0.88
0.01

The higher price structure of Japanese sawnwood allow I
importsattheexpense of other countries. In realit ifthe d t
range in quality their share of imports may notincrease as re idl
quality wood might continue to flow to other countries. Th od Id
thesequalitydifferencesdirectiy '

1991-1995

2.53
0.38
1.55
3.60
5.45
3.49
5.23
4.41
3.91
3.06
1.20

1996-2000

K. 22
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International dataproblemsremainsignificant: Severa signiican p
a parent. Indonesia'shistoricalharvestappearstobeun ers g'
assumption that the production of productsdatais more reia ean y '
recovery data is reasonably accurate. The step shiftincrease in vo
historical reported data period to the computed demand for ogsin e p j
therefor unlikely as is the step increase in prices that correspon s w'
increase. Butthese data problems are probably riotseriousy a eci g p j
of change in prices.

Higher timber values virusupportmoresustainable ores mamag :
is a much improved outlook for tropical timber prices. These ig er y u
should go a long way toward motivating more investments in
of timber which in the longer term could support increases in supp y.
risk of substitution of softwoods, yield increases from technologic a van
new sources notincluded in the modelto provide enough suppy o a p .. p

rice increases these structural changes would likely occur as a respo
rather than to prevent rising prices.

HARVESTS DECLltI^E ToLONG-TERM POLICY PROJECTIONS:
SUSTAINABLE LEVELS

The objective of including long-term forecasts is to observe ow res.
given a demand outlookand a deteriorating supply outloo . pa
shiftsinharvestlevelsand subsequenteffectsonavailableinventory o p'
timber producer. The Southeast Asian tropical timber producers are i ey pe '
large structural changes within the nexttwo decades. These wi av
forest products markets. This scenario provides some irisig t in o ow
might develop, driven by the changing resource availa iity.

Projecting bothademand futurefortheglobeandresourceou o0 's y ,
however. Anymodeloutcomewillbequitesensitivetothe urureou o0 ,
excess production of other regions, and inventory growt . e a
attern t to adjustinventory levels for possible feedbacks from more intensive
management in sustainable production. However, as the avaia e co
has approached depletion, we have modified the harvest levels to re ec .g
beendescribedaspotentiallysustainable. Giventhelowlevelo coinmerci ry
remaining in several countries at that point in time, one can in er a
targeted-harvest would havetoderivefromeitherwhatisconsier e y
commercial inventory or other technology improvements.

At the demand end, it is also difficult to project substitution e ec s i y. .
cautions in mind to constrain the framework of whatinformation can e g
term projections the assumptions for demand and resource eve opm
first followed by a brief analysis of the scenario results.

6.
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Key Exogenous Forecasts

6.1. I Demand

Demand forecasts are greatly simplified for the eriod 2000-204
capitagrowthandprojectingproductconsumtion. Th I '
summarizedinAppendixlli. PCureare

6.1.2 Resource Development

As described in the BASE CASE the invento ofc
approaching the zeroleveigivenharvestratesthatareb ed " '
behavior. The inventory levelforcommercjaltjmbe, ,d- Py ponse
1/20fthetotalinventoryGStimatedinthesecountrj s most
estimates of the commercial inventory being used in th W to
hadbeend I ' orelibrWood)wereoniyi/20ftheinventorydatathat
inventory wasredefinedtobeacommercialinvento f th B ., e
Butsinceth Oimpydepletionofallwoodintheforest.
commercial inventory, depletion of the commercial in t
consistentmodelingapproach. Ginore

decijtj Pe aproblemdevelops. Willtheharvest
non-commercialinventorybecomecommercial. Andt e
management techniques and technology contribute some 'rate. oesustainableharvest

While there may not be adequate data to derelo a h' hl
someinsightsonthetrarisitionfromharvestingtheremai '
potentialsustainableharvesttargetscanbegained. Ifth ry
andtheharvestlevelsdeclinetonearzero themodelbh '
much like those observed for Malaysia West in the BASE CA
shortf d gapiy. ricesrisedramaticallyassupplyfalls
markets. Sincetherewillbestructuralchanesinth k 00
shortages, this long termprojectionassumesaconver ' I
have been suggested by others as potential targets for su tai bl
sustainable harvest levels are phased in between the ear 2000
Given the continued increase in the harvest levels of M I
impactofimposingsustainablelevelsofharvestsintheset ? '
ITFOtoimplementsustainabletimberharvestlevjf M Sy
yielded estimates of sustainable logproductions. Lo d
Westar, ,,,,,,, dtod, ,linef, ,, 11.0, ,,,,, 4.7 "
production, ,,,,,,,,,,,,,,,,,,.,,,,,,,,,.,,, , , ,
ridonesian sustainable log production has been su ested t b
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from an estimated 30.5 mmcm in 1990. This long term projection assumes these
sustained harvest levels are implemented for Malaysia between 2005 and 2010. Harvest
levels prior to that time are driven by the available inventory. Malaysia falls below the
sustainable harvest levels, implying some degree of over-cutting. The sustainable harvest
level also exceeds estimates of forest growth suggesting some of what has been defined as
non-commercial inventory is being harvested. Since the suggested sustainable target for
Indonesia implied a harvest of only I% of the commercial inventory per year it did not
seem appropriate to force a large reduction in the harvest rate for Indonesia. Instead it
was prevented from further increases in harvest levels after 2010 even if prices increase.
This projection therefore primarily demonstrates the impact of declining harvest levels in
Malaysia East and West until 2005 when sustainable levels are phased in reaching the
targetlevels of 4 mmcm for Malaysia West and 12.5 mmcm for Malaysia East by 2010.

6.2 LongTennOutlooklssues

6.2. I Sawlog prices continue an upward trend

Figure 6.1 illustrates the sawlog price projections for tropical hardwood suppliers beyond
the year'2000. The shortage of wood in Malaysia West becomes virtually complete by
2005. The price increases are essentially unlimited although with very low volume, but

th simulation as harvest is increased to the targeted sustainable harvestare capped in the simulation as harvest is increased to the targeted sustainable harvest
levels after 2005. This issue was already identified in the short term outlook.
Alternative import channels will no doubt be developed to relieve the Malaysia West
shortage including non-wood substitutes.

Of greater importance is the continued upward trend in sawlog prices in all regions,
which will provide even greater support for sustainable forest management. Malaysia
Eastlog prices move up more rapidly by the year 2000 as their production drops with
depletion of the timber inventory. By 2005 prices are $201cubic meter above the world
price and the Indonesia price. By 2010 their production has increased to sustainable
levels which are above the low point; thus, price increases slow down and fall below the
increases shown for Indonesia. By 2020 the Indonesia price is about $50 above the world
price and the Malaysia East price. The slowdown in price increases after 2005 results
from the harvest to the targeted sustainable levels that are higher than the low harvest
pointjust prior. If the harvest transition was less abrupt, without a dip, the price lift
prior to 2005 would have been muted. If the sustainable harvest level has been
overestimated, prices would be expected to continue to increase with lower harvest rates.

The higher prices begin to change the usage of wood in other countries. With declining
wood demand in Japan, for example, the higher prices by 2005 cause imports of logs to
decline. Figure 6.2 shows this decline in Japan's log imports as prices peak. Figure 6.3
shows consumer countries' log prices peaking as imports start to decline.

6.2.2 Plywood prices in producer countries rise slightly faster than world prices

International plywood prices do not rise as rapidly as do the prices in tropical producer
countries with weaker demand and alternative supply sources. Tropical producer prices
are therefore pushed up by log prices, squeezing plywood processor margins. The
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MalaysiaWestwoodscarcityshowsupagainasanou o p'
kee allvolumefor domestic consumption. The impactis capp y
introduction of sustainable harvest levelsasdescribeda ove. p '
illustrated in Figure 6.4.

The declineinplywoodpricetrendsinotherregionsater g y
shifting to sustainable harvest levels, reversing the dec mes in

than log prices unless domestic demand6.2.3 Sawnwood prices rise more slowly
exceeds capacity

Whilethedataproblemswithlndonesiasupplyandsawnwoo p ,
trends in sawnwoodprices are evident. MalaysiaWestsawnwoo p ' p'
controlforthesamereasonsdescribedaboveforplywoo io ,
rices attempt to keep the declining supply for domestic consu p '

Malaysia East with a surplus in wood above domestic n s,
ricetrendinsawnwoodbutslowerthanworldmaretsan p ,

than log prices. These price trends are illustrated in Figure
tropicalSununiary of key long term issues: The coriumodity in s o pp y '6.3

hardwood logs, not processing capacity

Logpricesrisefasterthanproductprices. The highestvaue ..
Processing margins will be squeezed untilthere are increases in
msustainableforestmanagement. This outlookscenario oesno p
whattime frame will be required to see that impact. e sus
imposed after the year 2010 do notinclude the impact o I p
do infer harvesting more than what has currently been de In as
forMalaysia. Whileconsumercountriesarelargeyorc p ,
do begintochangetheirusagetoreducetheimpacto pricei ,
importer reduces its imports of logs. There are many o e
in the modelthat mightbe expected to increase their s are, r g
increases. The domesticdemandinthetropicalhardwoo pro g
much more important part of their overall market.

Even with sustainable harvest target rates that might be consi e p '
sawlo price projections rise by 100% over 1990 16ve s y
2020. While there are many possible impacts not consi er in
the increase in prices, such as increased supply from new source ,
softwoodsand technology impacts, thesewillalloccur as aresu g
merely slow down the price increase, not eliminate it. ese p '
long way to motivating sustainable management investmen
harvesting in order to gain the benefits from the secon grow
rates of return than in the past.
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TROPICAL TnnBERSUPPLY CONSTR

thatth r ucingthesupplyoftropicalhardwood.thatthe rapidliqujdatj, ,, f, h, - y 'PicalhaTdwoods. Onerecognjzesa erapidliquidationoftheinventor w'11 '". Onerecognjzes

apparentdifferencebetweenth, ,, tw, y "ereWillnotbe, ,, hpp en ierencebetweenthesetwoapproach o " notbemuchasideswojd WOapproaches. Overthelonger-term

h d y 'Omerelyshiftsthesuppjycurveback109'fhardwoodre ySitsthesupplycurvebacklO%for antg'us muchlikeset-asides- Inventory is reducedb 'Pical'oreducebyio%ar, h, ,. OryiSredUCedbylO%to causetheharv t
Indonesiaph. I- y UCinginventoryinMalaysiaEastMalas' W
Table7. I. eseshiftsareprovidedin

ae7. I InventoryShiftsinTroicalH '

Base Inventory Reduced Inventory

7.

Region

MAE
MAW
IDN
pHL
PNG

Short tenm impacts of 10% supply reduction

Scenario. Mal, , gpriCGSincreaseevenfasterthaninthebasescenario. MalaysiaEastproductiondecijn aninthebasesal .P UCtiondeclinesseveralyearssooner. F'

Countrje th g. eimpaCtonconsumercountrjesjsfejtmcountries that werenotedinth BAs ""'th''isfeltmoreinth,

Long team impacts of 10% supply reduction

isSImpja ConsieredsuiprisinginthatalO%su Idis Simply amovementf, ,,, d- 'P""ginthatalO%supply decreaseissimplyamovementforwardintimeofth "'PPIydecrease

scenariolevelsby20200nlybecausethesa .. "'gCIOSertobas,

7.1

7.2

325.7
116.5

2955.3
347.1
846.4

293.1
104.8

2659.8
312.4
761.8
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In the longer term, after Malyasia's inventory is largely depleted, and target sus 'na
harvests are used as in the long term simulation discussed in section 6, t ere is no way
to shiftthe supply curve for Malaysia. Hence the long term portion of this simu a 'on
does not reflect a supply shift, especially for Malaysia.

TROPICALTlllymER TRADE CONSTRAINTS8.

Key Assumptions fullncreasing Trade Constraints8.1

The environmental movement is pushing tropical hardwood import bans and tart s as a
policy to penalize non-sustainable tropical harvesting, with the goal o r ucing t e
harvest of tropical forests. Trade barriers have also been erected by developed countries
to protecttheir domestic processing. The economic impact of increasing suc tra e
constraints has been simulated by applying a 10% increase to product prices or pr ucts
reaching destination countries in the CGTM. Some product exports can be expected to e
driven out in competition with domestic supplies. Table 8.1 summarizes the revenue
generated from increased tariffs.

8.2 SawlogProd"ationDeclines

Antropical hardwood suppliers suffer a decline in production. Indonesia production
declines up to 2 million cubic meters as shown in Figure 8.1. Malaysia East co mes y
as much as 4 million cubic meters prior to 1996 as shown in Figure 8.2 but, because o
the rapid decline in harvest forced by inventory depletion, they are able to make up or
some of that decline between 1995 and 2005. Since most log exports were already non-
economic after the year 2000 under baseline conditions, the impact of increased tart s is
not as great beyond the year 2000.

8.3 LogTradeDecmnes

As a consequence of the tariff, consumer countries such as Japan and Korea r uce t eir
import of logs from Malaysia as shown in Figure 8.3. There is a 3-4 million cubic
meter reduction in log exports from Malaysia East prior to the year 2000. With the
decline in harvest near the year 2000 which produces higher prices, most log imports by
Japan are curtailed.

8.5 SawlogPricesDecline

Sawlog prices decline by as much as 20% for Malaysia East reducing to less than 10%
declines after 2005. Indonesia sawlog prices decline less than 5%. These price impacts
are illustrated in Figure 8.4. In the consumer countries, especially Japan, log prices are
driven up by the reduced availability by about 10% as shown in Figure 8.5. After the
year 2000 with a much reduced level of log exports the impact on sawlog prices is much
smaller.

K. 29



Table 8.1

Product of

Revenues Associated

Logs

Regionb/

West Europe
Japan
Korea
China

Taiwan/Hong Kong

Us West
Us South
Us North
Canada

West Europe
Japan
Korea
China

Taiwan/Hong Kong

Us west
Us South
Us North
Canada

Central America
West Europe
Japan
Korea
China

Taiwan/Hong Kong

Sawnwood

with Transfer Cost Increase Scenario

Tariff"

(us$)

11.81
45.32
9.71
7.97

10.77

imports (mmcm)
1990 2000

Plywood

3.5
14.5
2.9
2. I

5. I

44.42
20.26
20.06
39.51
42.74

111.0i
38.35
38.82
24.75

Revenue (Us$ mm)
1990 2000

0.0
12.9
2.5
1.0
4.2

0.3
O. I
0.3
1.0

4.7

3.8
0.0
0.7

I. I

TOTALS

41.4
657.1
28.1
16.7

54.9

0.3
O. I
0.3
1.9

8.4

3.9
0.2
0.0
1.2

b/R Woo)fromtropicalproducercounttieS.
of Tariffequals 10% of baseline product rice ' d

48.02
40.00
41.63
42.75
49.18
44.13

126.29
40.49
36.85
72.74

0.0
584.6
24.3

8.0
45.2

13.3
2.0
6. I

39.5
200.9
421.9

0.0
27.2
27.2

0.2
0.8
0.3
O. I
O. I
1.8

1.4

2. I

1.4

0.0

13.3
2.0
6. I

75.1
359.0
433.0

7.7

0.0
29.7

0.2
0.6
0.0
O. I
O. I
1.8
0.0
3.4
1.5

0.0

9.6
32.0
12.5
4.3
4.9

79.4
176.8
85.0
51.6
0.0

na 48.3

9.6
24.0
0.0
4.3

4.9
79.4
0.0

137.7
55.3
0.0

44.6 1,992. s 1,903. O
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8.6 ProductDistributionChanges

Product distribution is also impacted. Plywood expor s
109' after 1995 as shown in Figure 8.6. In the ear y peno p '
was a decline in log exports, plywood exports were sig y '
jinactonlogexports, the consuming countryn s orp ,.

,mallincreaS Py trainedblogscarcity.

Sun"nary of impacts from Increased Trade ons rain8.7

This scenario demonstrates the expected impacts Torn imp g
roduction declines in producing countries, log tra e ec '

and sawlog prices fall. There will be less motivation o in g .
lower rices and there is a reduced revenue from w IC o

GLOBALTRADELIBERALIZATION

Reducing Trade BarriersKey Assumptions in

Tradebarriers exist in consumer countries toprotectt 61rp g '
demandfOrtTOpiCaltimbGTinCTGaSGSbyGliminating , ,,
sustainable management of the forests. While there are ina y
astariffbarriers eliminating thetariffbarriersalonewou g

Tro icaltimber producing countries have introduced og expo
rocessing product export bans in order to encourage ino ^
Toressing. Whilethesepoliciesmayincreaseprocessing p y ,.

haveshownthattheyajsoresujtinjncomeandwealthlOSSGStO ' g f h
references under LiteratureCited). Thatis, they reducethGeCOnOn!'C h
proUCing ' , h'hredesinedtopTOtGCtpTOcessingoperations
in consuming countries.

Trade liberalization in this scenario includes both the r uction o p
reinov O'P b109'. Thescenarioalsoincludeslifting
therestrictiononlogexportsfromMalaysiaWest, n ones ., p ,
Guinea and West Africa. Several routes for whic t ere e
o ened including log exports from Indonesia to Japan an

9.2 SawlogProductionlncreases

With tradeliberalization, IndonesiaandMalaysiaWestincreas g
signiicany I'hjblowthebaseprojection. MalaysiaEast
also increases harvest by over 5 million cubic meters, w to a
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West, g' .arvestlevelsbelowthebasefrom1996t02000. MlWestsremaininginventoryissoiow dh' ""'00- Malaysiag ' enoryissoiowandtheirdomesticneedssoh' h h ' 'h ryiSSOowandtheirdomesticneedssohihthtth'arvestandjm ,, I eir Omesticneedssohighthattheyreduceharvestandimportlogsoflowercostf ' 'g thattheyreduc,

Simult' h intebaseprojection, andthelongterm o1'Simulationthem m, d Projection, andthelongtermpoijcysjmuationtherapidreductioninMalaysianEat. g rinpoicytar ed rim alaysianEastinventoryresultedinad I'
'ith thetaret, dh y SiUStaftertheyear2000beforesemingdown
'nventorydeclinewith harvest levelsdroppin bel hjust5years. During the rid f PP"g ''Wthebaseprojectjonj,just years' During thereriodsofshortests I asGProjectjonj,

Sawlog Prices increase

rod PiC ardwoodsuppiiersincreasessawlorifP'oducersevena, 1, PPierSinCreaSeSSawlogpricesforthepr ucersevenaslOgpTiCGsdeclineconsjderabj h gPriCeSforthep ucersevenaSIOgpTiCGSdGClineconsjderabl th gP'CeS ortheTheavjb. I- econsiderablyintheimportingconsumerco
Countries. file, ,d min drivesdownpricesintheconsumerCountries. filereductionimprjcesin, , P''cesin theconsumers. ereductioninpricesinconsumercounttie Sumer.. in prices inconsumercounttiesareconsiderabll''creases introjc, jh d Countries areconsiderably larger than the

20%dunn th , gPTiCesinbothlndonesiaandMalaysiaincreaseb20%during thefirstfew ears h "'an"alaySiaincreasebyg eirstfewyearswhentheyarebothproducin 'b I' .. y SWGntheyarebothproducingmorethanth

In effect I y'g Gowitaswasthecasejnthebaseline ro' t'meffectalargepartofthecr, ,,_ .""nthebaselineprojectjo, .neectalargepartofthecross-country riced'ff meProjection.gepartofthecross-countrypricedifferencesjs i 'on.

''portsfromman ,, ,. ercounttiesweredeniedaccesstologimportsfrommanycountties. Withther at "' accesstojo,p ommanycountties. Withtheremovaloftheseb 00g, .y unties. Withthere, ,,, lofth, ,, barrierstheirl "

highercost, t ,, .gain yproducercountriesduetothemuchhighercoststructureinthesecountti h. ri"'dUetothemuchIgercoststructureinthesecounttieswhichinciude f 'h emuch

9.4 Product Distribution Changes

si'r , ySia standlndonesjabothjncreasetheirlo exSinifjc tjal ' y an ridonesiabothincreasetheirlogex rts
anendtolndonesianjogexports gSaWOgpricesbrjngs

fi tjo , aPanimports2miliioncubicmetersmoreinlosf hfirstlOyearsanddoesnotstopimort' b 2 '''e in logsforth,ITStlOyearsanddOeSnOtstopimportin b 2000 ' 0gSfortheWerefo ,d P'inPorting by 2000, incontrasttothebaselinewhenth
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