
Chapter 9

Timber, Fuel, and Fiber

Coordinating Lead Author: R. Neil Sampson
Lead Authors: Nadia Bystriakova, Sandra Brown, Patrick Gonzalez, Lloyd C. Irland, Pekka Kauppi, Roger

Sedjo, Ian D. Thompson
Contributing Authors: Charles V. Barber, Roland Offrell
Review Editors: Marian de los Angeles, Cherla Sastry

Main Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245

9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246

9.2 Timber and Related Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
9.2.1 Industrial Roundwood
9.2.2 Wood Pulp
9.2.3 Craft Wood
9.2.4 Carbon Sequestration in Wood Products
9.2.5 Drivers of Change in Production and Consumption of Timber Products
9.2.6 Environmental and Social Impacts of Timber Extraction

9.3 Non-wood Forest Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
9.3.1 Bamboos
9.3.2 Rattans
9.3.3 Drivers of Change in Bamboo and Rattan Products

9.4 Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
9.4.1 Fuelwood
9.4.2 Charcoal
9.4.3 Industrial Wood Residues
9.4.4 Biomass Energy
9.4.5 Drivers of Change in the Use of Biomass Fuels

9.5 Fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
9.5.1 Agricultural Plant Fibers
9.5.2 Wood Fibers
9.5.3 Animal Fibers

9.6 Sustainability of Timber, Fuel, and Fiber Services . . . . . . . . . . . . . . . 265

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

PAGE 243

243

................. 11432$ $CH9 10-11-05 14:56:22 PS



244 Ecosystems and Human Well-being: Current State and Trends

BOXES

9.1 Fuelwood Supply Analysis in Southern Africa

9.2 Shahtoosh

FIGURES

9.1 Forest Regions Used in Wood Products Analyses

TABLES

9.1 Regions Used in the Wood Products Analyses

9.2 Some Key Differences Affecting Forest Product Derivation
from Public and Private Forests

9.3 Industrial Roundwood Production, 1961–2000

9.4 Forest Product Exports and Imports, 1961–2000

PAGE 244

9.5 Wood Pulp Production, 1961–2000

9.6 Fuelwood Production, 1961–2000

9.7 Fuelwood Production Monetary Value Per Rural Person,
1961–2000

9.8 Charcoal Production, 1961–2000

9.9 Consumption and Potential Supply of Biomass Fuels for 16
Asian Countries

9.10 World Production of Selected Agricultural Fibers, 1961–2000

9.11 World Textile Fiber Production, 1980–2000

9.12 Annual Production and Area Harvested of Cotton for
Selected Countries and Rest of the World, 1961–2000

9.13 World Production of Hides, Skins, and Greasy Wool,
1961–2000

................. 11432$ $CH9 10-11-05 14:56:22 PS



245Timber, Fuel, and Fiber

Main Messages

Global timber harvest has increased by 60% in the last four decades and
will continue to grow in the near future, but at a slower rate. The growth
rate of timber harvest has slowed in recent years and is likely to continue to
grow more slowly in the foreseeable future. (In this chapter, ‘‘timber’’ is used
to denote standing trees and their immediate products). The portion of har-
vested wood that was used for pulp increased threefold since 1961, reflecting
a major shift in demand for timber products as pulpwood demand greatly out-
paced the increased demand for sawn wood products.

Timber supplies for common industrial wood products appear to be
ample for the near future, but there will be shortages of high-value spe-
cies and premium quality woods due to past overharvesting. Timber pro-
duction from both forest and agricultural plantations will increase over the near
future, providing wood for pulp and common sawtimber. Premium woods from
large and old trees of highly valuable species are scarce in most regions. They
may be restored through protection and sustainable forest management in the
longer term but will remain in short supply for the foreseeable future.

Plantations are providing an increasing proportion of timber products. In
2000, plantations were 5% of the global forest cover, but they provided some
35% of harvested roundwood, an amount anticipated to increase to 44% by
2020. The most rapid expansion will occur in the mid-latitudes, where yields
are higher and production costs lower. Gains in production will also come from
insect and disease-resistant trees, genetically improved trees with higher yields
and improved fiber characteristics, improved planting techniques, and im-
proved management. The net effect will increase the amount of products avail-
able to satisfy timber, fuel, and fiber needs, but with a reduced harvest from
natural forests in most regions.

Major shifts in the location of timber production have resulted from a
combination of globalization, economic stress, and changing national
policies, and the future for sustainable timber supplies varies across
areas and regions. In general, recent production shifts have been from north
to south. In the northern boreal and temperate regions, forest-growing stocks
have increased in the recent past, as overall annual growth has exceeded
mortality and harvest. This trend will continue into the foreseeable future (me-
dium certainty). In the low latitudes, deforestation and degradation continue to
diminish natural forests. Contributing to this are examples of destructive, ex-
ploitive, and illegal logging practices. These combine with a complex of other
drivers, including fuelwood extraction, agricultural expansion, development pol-
icies, and population pressures to contribute to forest degradation. The associ-
ated production losses are partially offset by plantation expansion, but
premium species are seldom replaced, either in regrowing forests or in planta-
tions.

International trade in forest products has increased at a rate much faster
than the increase in production. The global value of timber harvested in
2000 was around $400 billion, and around one quarter of that entered into
world trade, representing some 3% of total merchandise trade. In constant-
dollar terms, global exports increased almost twenty-five-fold between 1961
and 2000. Five countries—the United States, Germany, Japan, the United
Kingdom, and Italy—imported more than 50% of world imports in 2000, while
Canada, the United States, Sweden, Finland, and Germany accounted for
more than half of exports. During the past decade, China has increased its
imports of logs and wood products by more than 50% and, if unabated, this
rate of increase will put significant pressure on wood supplies in many regions,
particularly Russia and Southeast Asia.
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International moves toward sustainable forest management and forest
certification have expanded rapidly in recent years. To date they have been
used primarily in industrial countries, and only locally in developing countries,
and they do not seem to be affecting timber production or trade significantly.
They are, however, affecting forest management where certification is in-
volved. Their broad future effectiveness remains uncertain, but they could be-
come more important in some regions, such as Europe.

The global forestry sector annually provides subsistence and wage em-
ployment of 60 million work years, with 80% taking place in the developing
world. While timber is processed mainly by industrial firms, the management
of forests, including harvesting and transport, is dominated by individuals, fami-
lies, and small companies. In the industrial world, the forestland is both pri-
vately (in Europe and the United States, for example) or publicly (as in
Canada) owned and managed. In the developing world, most of the forest is a
public resource. These ownership factors create very different and diverse
opportunities for people to interact with and benefit from forest products and
services. As production moves South in the near future, the trend indicates
increasing forest employment opportunities in sub-tropical and tropical regions,
with declining employment in temperate and boreal regions. Labor require-
ments per unit of output in all regions will continue to shrink due to technologi-
cal change.

Illegal logging is a significant factor that skews timber markets and trade,
particularly in tropical forest regions and countries with weak or transi-
tional governments. It is estimated that up to 15% of global timber trade
involves illegal activities, and the annual economic toll is around $10 billion.
Addressing this problem will require a major effort by both governments and
private industry.

On a global basis, the recorded value of fuelwood production per capita
has fallen in recent years, and earlier concerns about a ‘‘wood energy
crisis’’ have eased. Fuelwood is the primary source of energy for heating and
cooking for some 2.6 billion people, and 55% of global wood consumption is
for fuelwood. While populations in developing regions will continue to grow,
estimates from FAO indicate that global consumption of fuelwood appears to
have peaked in the 1990s and is now believed to be slowly declining. Accurate
data on fuelwood production and consumption are difficult to collect, since
much of it is produced and consumed by households in developing countries.
It is also difficult to relate trends to ecosystem condition, since fuel is harvested
from woody plants wherever they occur. Localized fuelwood shortages in Africa
impose burdens on people who depend on it for home heating and cooking.
The impact on people may be high prices in urban areas or lengthy and ardu-
ous travel to collect wood in rural areas.

The burning of wood fuel without appropriate smoke venting creates sig-
nificant health hazards, and where wood shortages force poor families to
shift to dung or agricultural residues for heating and cooking, the
problems are exacerbated. An estimated 1.6 million deaths and 39 million
disability-adjusted life years are attributed to indoor smoke pollution, with
women and children most affected. Where adequate fuel is not available, the
consumption of cooked food may decline, leading to adverse effects on nutri-
tion and health. Human well-being can be enhanced in many developing re-
gions through efforts to assure adequate and accessible fuel supplies, as well
as to promote more-efficient stoves and more-effective smoke venting.

Wood and forest biomass, agricultural crops and residues, manure, mu-
nicipal and industrial wastes, and many other non-fossil organic materi-
als can produce renewable energy and fuel supplies through a variety of
modern industrial processes. These renewable energy technologies are
being rapidly developed throughout the world, but examples of full commercial
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exploitation are still fairly modest. Competition from low-cost and widely avail-
able fossil-based fuels currently limits the expansion of successful research
and pilot projects into widespread commercial production. Biomass-based en-
ergy production, while likely to expand slowly in the near future, offers great
promise for the mid- and long-term future, as the nonrenewable nature of fossil
fuels, particularly natural gas and petroleum crude oil, begins to affect energy
economics because of shortages and supply disruptions.

Global cotton production has doubled and silk production has tripled
since 1961, accompanied by major regional shifts in the production
areas. Production of other agricultural fibers such as wool, flax, hemp,
jute, and sisal has declined. While cotton production has doubled, the land
area on which it is harvested has stayed virtually the same. Major area expan-
sion of cotton production in India and the United States has been offset by
large declines in Pakistan and the former Soviet Union. These shifts have
important impacts on limited water resources, since much of the cotton crop is
irrigated, and on agricultural land use patterns, as cotton competes with food
crops for arable land. There have also been significant impacts of the use of
fertilizer and pesticides for the increased production of cotton. Silk production
also experienced a major shift in production area, from Japan to China, due to
lower labor costs.

There are still instances where species are threatened with extinction
due to the trade in hides, fur, or wool, in spite of international efforts to
halt poaching and trade. On the other hand, there are instances, such as for
crocodiles, where international conservation efforts have restored species and
established sustainable production of valuable commodities.

9.1 Introduction
This chapter on timber, fuel, and fiber covers a wide range of
ecosystem services provided by an equally wide range of ecosys-
tems. The major focus is on timber that is linked most closely
with forest ecosystems and forest-related communities and indus-
tries, but it extends to fuel and fibers as well. Information about
recent trends in supply and consumption of those products is pre-
sented and assessed in terms of the impact of that consumption on
ecosystems and human well-being, and efforts are made to iden-
tify and assess the important drivers of change in each resource
area. Trends in the condition of the ecosystems from which these
services are derived are found in other chapters of this volume
(particularly Chapters 21, 22, and 26).

Forests cover about 30% of the ice-free land area of Earth, but
global forest cover has declined considerably through history
(FAO 2001a; Williams 2003). (See also Chapter 21.) While there
are copious statistics for the timber and wood products that enter
into world trade, assessing the connection between production
and forest ecosystems is complicated by the fact that the produc-
tion statistics are reported by country rather than by biome or
ecosystem.

The most complete and comparable statistics are maintained
by the U.N. Food and Agriculture Organization, and its publica-
tions and databases are widely cited in this chapter. It should be
noted that all statistics on wood production, whether for fuel or
commercial purposes, have some limitations. Regional data are
reported by FAO, but the regions are geographic or geopolitical,
making their direct use in reflecting effects on forest ecosystems
of limited value. For this assessment, FAO country data have been
regrouped to approximate the dominant forest systems affected by
the production trends reported. Table 9.1 lists the countries that
were grouped into the seven major forested regions chosen for
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Table 9.1. Regions Used in the Wood Products Analyses. The
regions group countries with areas of closed forest by continent
and climate type. (FAO 2003b)

Africa Tropical Asia Temperate Europe Temperate

Angola Bhutan Albania

Benin China (PR) Austria

Cameroon Japan Belarus

Central African
Republic

Korea (DPR)
Korea (Rep. of)

Belgium
Bosnia and Herzegovina

MongoliaCongo (Dem. Rep.) Bulgaria

Congo (Rep. of) Nepal Croatia

Côte d’Ivoire Russian Federation Czech Republic

Equatorial Guinea Turkey Denmark

Ethiopia Estonia

Gabon Asia Tropical Finland

Ghana Bangladesh France

Guinea Brunei Darussalam Germany

Guinea-Bissau Cambodia Greece

Liberia India Hungary

Madagascar Indonesia Ireland

Mali Laos Italy

Mozambique Malaysia Latvia

Nigeria Myanmar (Burma) Liechtenstein

Senegal Papua New Guinea Lithuania

Sierra Leone Philippines Luxembourg

Togo Sri Lanka Macedonia (FYR)

Zambia Thailand Moldova

Viet Nam Netherlands

America Temperate Norway

Canada Poland

United States Portugal

Romania

America Tropical Serbia and Montenegro

Belize Slovakia

Bolivia Slovenia

Brazil Spain

Colombia Sweden

Costa Rica Switzerland

Dominican Republic Ukraine

Ecuador United Kingdom

El Salvador

French Guiana

Guatemala Southern Temperate
Guyana Argentina

Haiti Australia

Honduras Chile

Mexico New Zealand

Nicaragua South Africa

Panama

Paraguay

Peru

Suriname

Venezuela
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this assessment. Figure 9.1 (in Appendix A) indicates where these
seven regions are.

In addition to timber, fuels derived from biomass are also con-
sidered in this chapter. More than 2 billion people worldwide rely
on biomass for their main energy source (IEA 2003). Although
wood and charcoal are the primary energy sources in many socie-
ties, particularly developing ones, the data for assessing the im-
pacts of this use and consumption on ecosystem sustainability are
largely unavailable. This is due to several factors, including the
difficulty of monitoring the supply and consumption of wood
fuels accurately, as much of it is done outside the market
economy.

The last section of the chapter discusses some of the general
trends in the production and consumption of important fibers
derived from forest or agricultural crops, domestic animals, wild-
life, and other sources. These products, each of which could be
the subject of a major assessment, are treated sparingly due to
limitations of space and time.

The ownership of forests varies on the basis of legal and cul-
tural traditions and history. In some nations, central governments
claim vast areas of forest but do little to enforce those claims. Poor
administration and corruption allow illegal logging and other
forms of resource extraction, including within protected forests.
In other areas, highly developed property rights systems exist, and
resource extraction is often tightly regulated as a result. More
wood per hectare is generally harvested from private forests than
public ones, because of more-intensive management and more-
focused forest production objectives. While some private forests
produce multiple benefits, many are managed mainly for timber.
(See Table 9.2.)

For forests in protected areas, timber harvest may or may not
be one of the management objectives. Even where forests are
protected from harvesting in some protected areas, resource ex-
traction (for commercial or local use) continues unabated owing
largely to poor governance and corruption (WWF 2000; Khan
et al. 1997; Smith et al. 2003; and see MA Policy Responses,
Chapter 5).

In both temperate and tropical forests, many local communi-
ties have decision-making rights for the management of public
forestlands. Such community forest management systems include
joint forest management in India (TERI 2000) and nascent con-
cession systems in Bolivia and Peru. In order to foster long-term
maintenance of forest resources, communal forest management
arrangements generally allocate all or part of the forest production

Table 9.2. Some Key Differences Affecting Forest Product
Derivation from Public and Private Forests

Category Public Forest Private Forest
Management regime extensive intensive

Protected areas common uncommon

Land use multiple use dedicated use

Management costs
(dollar per hectare)

low high

Illegal logging common rare to nil

Planted forests uncommon common

Species planted mostly endemic mostly endemic

Plantation forests uncommon common

Species planted mostly endemic mostly exotic

Production per hectare variable generally high
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revenues to the local community. While the amount of forest
products produced under such arrangements remains negligible
as a fraction of total global output, community management can
produce significant positive local economic impacts.

9.2 Timber and Related Products
While forests produce a wide range of services that are essential
to human well-being, their major financial output consists of tim-
ber that can be used for a variety of manufacturing, building, fuel,
and other materials. Timber is harvested from forest ecosystems
(both intensively and extensively managed), forest and agricultural
plantations, and trees outside forests. It should be noted that there
is not always a clear distinction in the data and discussion of these
issues between ‘‘planted forests’’ and ‘‘plantations.’’ (See Chapter
21.)

9.2.1 Industrial Roundwood

According to FAO, industrial roundwood includes wood for the
following commodities: sawlogs, veneer logs, pulpwood, other
industrial roundwood (used for tanning, distillation, match
blocks, poles, piling, posts, pitprops, and so on) and, in the case
of trade, also chips and particles and wood residues. Although the
title ‘‘industrial roundwood’’ suggests that this is wood harvested
by industrial companies, the majority of the timber harvested in
the world is still harvested by individuals, families, and small oper-
ations using a variety of traditional and modern methods. This use
of the term ‘‘industrial’’ is better understood to mean wood that
is produced for sale into commercial channels for processing or
end use.

9.2.1.1 Production

Production of industrial roundwood increased between 1961 and
1980 in nearly all regions, but the increase, which was slowing
gradually before 1980, slowed considerably between 1980 and
2000. (See Table 9.3.) Some of this decline in the rate of increase
reflects the demise of the Soviet Union and the associated dra-
matic reduction in timber production. Russian and other former
Soviet Union timber production, in excess of 300 million cubic
meters a year in Soviet times, declined to one fourth of previous
levels.

As the former centrally planned economy moved toward
greater use of markets, the subsidies received by the transport sec-
tor were largely eliminated and with it, the subsidy that allowed

Table 9.3. Industrial Roundwood Production, 1961–2000 (FAO
2003c)

Region 1961 1980 2000 1961–80 1980–2000

(million cubic meters) (percent change)

Africa tropical 15 28 34 83 20

America temperate 335 478 625 43 31

America tropical 28 83 131 198 57

Asia temperate 282 336 239 19 –29

Asia tropical 34 101 86 199 –14

Europe temperate 286 352 377 23 7

Southern temperate 25 50 92 97 86

Other areas 13 19 25 50 36

Total 1,018 1,446 1,610 42 11
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timber transport from the forests to distant processing facilities. In
addition, the large declines experienced in Russian Federation
GDP further depressed timber demand and production. A grow-
ing Russian economy together with new export markets, such as
China, should revive some of the demand for Russian Federation
wood products, and indeed timber production increased in the
late 1990s. The transport subsidy is unlikely to return, however,
and Russian timber production in the next decade will likely be
substantially lower than in Soviet times.

9.2.1.1.1 Illegal logging

It should be noted that the FAO data (and Table 9.3) consist pri-
marily of legally produced wood as reported to national govern-
ments, and so in regions where illegal logging is significant, the
data may underreport the actual volume of timber harvested. It is
difficult to estimate the magnitude of illegal removals, and quanti-
tative estimates vary. But the amount of timber involved is both
locally and globally significant. Contreras-Hermosilla (2002) esti-
mates that as much as 15% of global timber trade involves illegali-
ties and corrupt practices, amounting to annual losses in assets and
revenues in excess of $10 billion. Curry et al. (2001) conclude
that ‘‘illegal logging is rife in all the major tropical timber produc-
ing countries,’’ citing studies showing that 70% of log production
in Indonesia (50 million cubic meters per year) is derived from
illegal sources; 80% of logging in the Brazilian Amazon during
1998 was illegal, and half of all timber in Cameroon is sourced
through illegal logging (WRI 2000b).

Illegal logging takes many forms, including logging timber
species protected by national or international law; logging in pro-
tected or prohibited areas; logging without authorization; extract-
ing more timber than authorized; timber theft and smuggling; and
fraudulent transfer pricing and other corrupt accounting practices.
Its negative impacts include the impoverishment of forest land-
scapes, governments and local communities that are deprived of
significant forest revenues, the strengthening of organized crimi-
nal enterprises, and inducements for the corruption of law en-
forcement and other officials (Contreras-Hermosilla 2002).

National and local governments, being unable to appreciably
reduce illegal logging, often play down its extent. In Russia, for
example, according to government figures illegal logging over the
past decade has amounted to 1% of legally permitted logging. In-
dependent NGO and scientific assessments, however, estimate il-
legal logging to constitute some 20% of the total, with illegal
exports of particularly valuable species in border areas being dou-
ble the legally permitted volumes (Sheingauz 2001). In other areas
too, weak or poorly enforced legislation has been ineffective in
protecting forests from illegal logging (for example, in the Congo
basin) (Global Witness 2002).

9.2.1.1.2 Forest plantations

All the following statistics refer to forest plantations as opposed
to planted forests, with the distinction being, for the latter, the
application of planting as one of several normal silvicultural tech-
niques used to reforest harvested areas. Plantations, in contrast, are
intensively managed, regularly spaced stands, often monocultures,
often of exotic species, and usually with the production of wood
as the main product (FAO 2000c). Forest plantations covered 187
million hectares in 2000, with Asia accounting for 62% (FAO
2001a). This total represented a tenfold increase (from 17.9 mil-
lion hectares) since 1980 (FAO 2001a). In 2000, the annual rate
of new planting was estimated at 4.5 million hectares, of which
79% was in Asia, and much of this in China and India. (See Chap-
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ter 21 for a more complete description of trends in plantation
forests.)

Yields from tropical plantations are high—often in the range
of 10–30 cubic meters per hectare per year for Eucalyptus and
Pinus, with some species on favorable soils reaching yields as high
as 50–60 cubic meters per hectare. Given the amount of research
that has gone into improving yield from planted stocks, these
yields are likely to continue to increase. Because of high yields
and increasing area, plantations provide a continuously increasing
portion of the world’s timber supply. According to FAO (2001a),
plantations were only about 5% of global forest cover in 2000, yet
provided some 35% of global roundwood, an amount anticipated
to increase to 44% by 2020.

Plantation growth rates and wood quality are likely to im-
prove with each successive rotation, as trees embodying new ge-
netic improvements are increasingly being used to replace the old
technology embodied in the prior harvest. Thus far the genetic
improvements have come primarily through conventional breed-
ing techniques. However, there are substantial efforts under way
to apply modern biotechnology, including genetic engineering,
to industrial trees and plantation forests (Sedjo 2004). The degree
of acceptance of genetically engineered (transgenic) trees remains
uncertain. But based on experience with genetically engineered
crops, there is reason to believe that the adoption of transgenic
technology for trees will be variable.

9.2.1.1.3 Agricultural plantations

Plantations of agricultural and industrial crops such as rubber, co-
conut, and oil palm are increasingly important sources of indus-
trial wood for the forest industries of Asia. It is estimated that
there are some 27.4 million hectares of these crops in the region.
Changing technology and markets are resulting in the conversion
of formerly wasted by-product logs to products such as plywood,
particleboard, paper, and lumber for furniture and other uses
(Durst et al. 2004).

Rubberwood (Hevea brasiliensis) is estimated to cover some 9
million hectares, primarily in Indonesia, Thailand, and Malaysia.
Planted originally for the production of latex, the trees mature at
about age 30 and are then replaced. Prior to the emergence of
milling technology in the late 1970s, the wood was either used
for energy or disposed of in open burning. Today, it is estimated
that over 6.5 million cubic meters are processed into sawn lum-
ber, largely for furniture (Durst et al. 2004). Rubberwood is also
used for manufacturing a variety of wood panels. This produc-
tion, which eases pressure on many formerly used native species,
is currently the basis for exports of almost $1.5 billion annually
from Malaysia and Thailand (Durst et al. 2004).

Coconut palm (Cocos nucifera) is another agricultural crop with
emerging value for the forest products industry. Its primary use is
for coconut oil, but after age 60, when yields begin to decline,
the palms are generally felled and replaced. Removing the
downed stems from the plantation is important for controlling
disease, and selling them for lumber production increases planta-
tion revenues.

It is estimated that, throughout Asia, palm wood production
rates of around 5 million cubic meters per year will be available
for at least 20–30 years. After that time, the existing plantations
will be replaced by higher-yielding dwarf varieties that produce
less valuable lumber, but which may be useful for products such
as panels (Durst et al. 2004).

Oil palm (Elaeis guineensis) plantations cover an estimated 6.5
million hectares in Asia and are grown on a 25- to 30-year rota-
tion (Durst et al. 2004). While this is a huge potential in terms
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of biomass, research and development are needed to overcome
limitations in the use of this species for wood products. That re-
search is under way, and if the experience in developing and using
other formerly ‘‘unusable’’ species is any guide, increasing indus-
trial use is likely in the future.

9.2.1.2 Consumption

Between 1961 and 1991, the market value of global wood con-
sumption more than doubled in real terms, growing at 2.7% per
year (FAO 1999). In terms of processed wood products, sawn-
wood increased by 20%, wood panels by 600%, and paper by
350% between 1961 and 1991. These increases were achieved, in
large part, through improved production efficiencies, recovery of
wood residues for use in wood panels, and paper recycling (FAO
1999).

An increasing supply of wood products has begun to flow into
China as that economy continues to develop rapidly. China is
now importing 107 million cubic meters of wood, which repre-
sents an increase of more than 50% during the period 1997–2003
(Sun et al. 2004). The demand for imported wood has developed
in part as a result of policies limiting domestic harvest levels. Im-
ports are made up of raw pulp and paper largely coming from
Canada and Russia and sawn lumber and logs from Russia, Ma-
laysia, and Indonesia (Sun et al. 2004). Imports from Russia have
resulted in continued forest loss in there through rapid logging of
mature forests. (See Chapter 21.) Demand from China is expected
to continue to grow, resulting in increased social, environmental,
and economic effects, particularly in Russia and Southeast Asia.

The substitution of a variety of other materials for wood has
contributed to relatively slow growth in global timber consump-
tion in recent years. Steel studs (with up to one-third recycled
content) are replacing wood in some markets of industrial coun-
tries, and vinyl has largely replaced wood as a siding material in
North America. Plastics have replaced wood in some specialty
applications—for example, to a large extent in the European win-
dow frame market. The use of metal roofing is growing rapidly
in many parts of the developing world and, along with other
products, it has largely replaced wood as a roofing material.

As premium quality and specialty woods have become scarce
due to high-grading and other forms of unsustainable harvesting,
there has been considerable replacement of traditional wood
products by new products. Solid hardwood furniture has been
replaced in many situations by a thin veneer of hardwood glued
to a manufactured panel. Solid boards for sheathing buildings have
been replaced, first by plywood and then by composite oriented
strandboard. Solid wood joists for flooring systems are being re-
placed by engineered I-joists fabricated from smaller pieces of
wood from widely available second-growth trees that often do
not produce the large and high-strength pieces needed for solid
wood structural timbers. These I-joists offer a flatter floor, greater
strength, and longer spans. These manufactured wood products
are so far largely confined to markets in industrial countries.

In many parts of the world, newly engineered forms of wood
flooring, often with sturdy artificial overlays, are gaining wide
acceptance. Other new products include engineered panels for
nonstructural uses such as furniture, flooring, and moldings.
These are often constructed using sawdust, shavings, and other
residuals from sawmills or plywood mills. Viet Nam has a plan to
build as many as nine particleboard plants to support its growing
furniture industry. Non-wood fibers are increasingly being tapped
for these products; examples include panels from wheat straw in
the North American wheat belt, and medium density fiberboard
produced from oil palm stalks in Malaysia and Indonesia. Like
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many new technologies, the agri-fiber panels have had difficulties
with some early testing. However, the technology seems well
adapted for fiber-short nations with growing economies, such as
China.

In the paper industry, plastics and other materials have re-
placed some paper bags, packing papers, and paperboard. Increas-
ing use of recycled fiber has caused roundwood use for paper in
the United States to decline significantly since the mid-1990s.
Markets for many paper products in North America are saturated,
and low economic growth in areas like Europe and Japan, driven
by sluggish economic growth and declining birth rates, contri-
butes to the demand weakness.

9.2.1.3 Trade

While FAO (2003c) indicates that total roundwood harvest across
the world has increased some 60% since 1961, the constant-dollar
value of forest products exported has increased almost twenty-
five-fold. (See Table 9.4.) Much of this is due to the increasing
proportion of finished and semi-finished products in trade, as op-
posed to unprocessed logs or chips.

About one quarter of global timber production enters into
international trade, according to FAO, and paper alone makes up
about 2% of all global trade (IIED 1996). With a total value of
around $100 billion in 1991 (FAO 1995), wood products consti-
tuted about 3% of total world trade. This trade is growing rapidly,
particularly in industrial countries. By 1996–98, import value was
estimated at almost $43 billion and export value was $135 billion
(WRI 2000a). Five countries—the United States, Germany,
Japan, the United Kingdom, and Italy—accounted for more than
50% of international imports in 2000, while Canada, the United
States, Sweden, Finland, and Germany accounted for more than
half of international exports (FAO 1999).

Much of the total global trade is within regions. Flows be-
tween the United States and Canada, between northern and cen-
tral Europe, and within Southeast Asia dominate world trade
(TMFWI 2001). Where these trade patterns have resulted in shift-
ing timber production to more productive regions (as described
later), total timber production has increased more rapidly than the
area of forest harvested.

9.2.1.4 Employment

In recent decades there has been a decline in the labor inputs
required by the forest products industry, where employment has
experienced similar declines as many other extractive and manu-
facturing industries (U.S. Bureau of Labor Statistics 2004).

For example, from 1955 to the mid-1990s, labor productivity
in logging in the United States increased an average of 1.45%
annually (Perry 1999). Since output increased at about the same
rate, however, employment levels remained relatively steady. Em-
ployment in forest product processing has declined in many coun-
tries in recent years due to increasing labor productivity. In the
United States, for example, over the period 1997–2003 employ-
ment in the paper and paperboard production fell by one third
while total production barely declined (U.S. Bureau of Labor Sta-
tistics 2004).

9.2.1.5 Future Availability

Estimates of future wood demand must be approached with some
caution, as past assessments have regularly overestimated needs
(Clawson 1979; Sedjo and Lyon 1990). More-recent estimates by
FAO (1998b) suggest that the global wood demand by 2045/50
will be about 2 billion cubic meters a year and that supply should
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Table 9.4. Forest Product Exports and Imports, 1961–2000 (Data from FAO 2003c)

Region 1961 1980 2000 1961–80 1980–2000

Exports (million 1996 dollars) (percent change)

Africa tropical 0.2 1 2 590 50

America temperate 2.1 18 45 773 149

America tropical 0.1 1 4 1,214 239

Asia temperate 0.4 4 11 835 177

Asia tropical 0.2 4 10 2,145 113

Europe temperate 3.0 26 67 761 162

Southern temperate 0.1 1 5 2,039 278

Other areas 0.03 1 1 2,235 55

Total 6 57 145 839 156

Imports
Africa tropical –2 0.02 0.4 0.4 1,516

America temperate 258 1.6 8 30 426

America tropical 212 0.2 2 6 989

Asia temperate 0.4 13 33 3,094 152

Asia tropical 0.1 1 6 544 487

Europe temperate 3.7 33 68 776 108

Southern temperate 0.4 2 3 354 114

Other areas 0.4 4 7 1,069 63

Total 7 63 153

be about the same, with Asia contributing about 700 million
cubic meters and North America about 1 billion cubic meters.

Ultimately, the future availability of wood supplies is likely to
be related more to growth and productivity of managed and
planted forests than to the area of natural forests or gross forest
stock. Production from natural forests will continue to be re-
placed by production from plantation forests, especially in tropical
and sub-tropical forests (as described later). The same trend seems
likely in many temperate forest areas. In the United States, for
example, the harvest of softwood timber on non-plantation native
forests is forecast to decline by 25% over the next 50 years, and
standing stocks on non-plantation forests are expected to increase
significantly (USDA Forest Service 2003).

Although the amount of forest cover is changing differently
by region, other factors also contribute to timber supply and avail-
ability. (See Chapter 21.) The forest available for timber produc-
tion has been declining in some parts of the world (in Europe,
North America, Taiwan, and Japan, for instance) due to increasing
emphasis on non-timber services such as nature conservation and
wilderness. For example, some 21 million hectares of productive
forestland have been set aside in conservation reserves (parks, wil-
derness, and so on) in the United States (USDA Forest Service
2001). This area has more than doubled since 1953, reflecting the
increased emphasis on non-timber forest values in the latter half
of the twentieth century (USDA Forest Service 2001).

In many areas of the world, suburban sprawl and the fragmen-
tation of ownerships are having an effect on the availability of
forests for harvesting, management, and recreational access. In ad-
dition, the resulting land use patterns create significant problems
for land management and wildfire management in the rural-urban
interface (Sampson and DeCoster 2000; Gordon et al. 2004).
Large areas of land that meet the definition of forest for inventory
purposes are not available for timber production due to the small
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size of the ownerships or reduced access due to isolation from
road networks by other ownerships (Tyrrell et al. 2004). Few na-
tional forest inventories effectively account for this factor.

In spite of increasing timber harvests, the reclassification of
productive forest to non-timber use, and forest fragmentation, the
forests available for timber production in Europe and North
America have increased in terms of total standing timber stock. In
Europe, it is estimated that annual growth in standing timber is
around 700 million cubic meters while timber removals in 2000
were around 418 million cubic meters (FAO 2003b). In the
United States, softwood sawtimber stocks in 1997 were 8% higher
than in 1963, and hardwood sawtimber stocks had nearly doubled
(up 95%) in the same period (USDA Forest Service 2001). With
both regions tending to reduce harvesting intensity, particularly
on publicly owned lands, the prospects for the near future are for
continued growth in the standing stock of timber in both Europe
and North America.

One potential factor that can deplete these timber stocks in
the future is the threat of alien invasive species, which move more
freely as a result of increased global trade. For example, recent
infestations in central North America by several invasive insects
have resulted in the mortality of large numbers of deciduous trees,
especially maples and ashes. In the past, such invasives as Dutch
elm disease (Ophiostoma lumi and O. novo-ulmi) have virtually
eliminated individual tree species in some areas.

In addition to the volume of standing timber, the quality of
the timber resource is also important. For example, North Ameri-
can eastern hardwood forests, while doubling in standing stock in
recent decades, are often dominated by species such as red maple
(Acer rubrum) that are not as valuable for timber as the original
forests that were, in many areas, dominated by species such as
oaks, hickories, and chestnuts. In many areas of the world, the
premium quality trees and most valuable species have been unsus-
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tainably harvested, and supplies of those high-value woods are
increasingly limited (FAO 2003b).

The uncertainties in this future prospect include political deci-
sions affecting land use and access to the land for timber harvest,
changing trade policies, and the uncertain effects of climate
change on net forest growth rates. There are indications that the
uncertainty of future access to forests for timber harvest is cur-
rently discouraging investment in the forest products industry in
some regions.

9.2.2 Wood Pulp

Pulpwood is one component of industrial roundwood produc-
tion, and the production of pulpwood from forest ecosystems is
often tightly integrated with the production of other solid wood
products. Pulpwood is derived from a variety of wood sources,
ranging from the harvest of fast-growing young trees in planta-
tions managed specifically for pulp production, to the small or
lower-quality stems removed from managed forests to improve
forest quality or health, to the shavings, trimmings, and other
wood produced in the manufacture of sawn wood products.
Pulpwood accounts for about a third of the roundwood harvested
(including fuelwood) (IIED 1996).

In 1995, about 17% of the wood for paper came from primary
forests (mostly boreal), 54% from regenerated forest, and 29%
from plantations (IIED 1996). This is expected to change as in-
creased output from plantation forests, many of which will mature
in the next decade, reaches world markets.

The global production of wood pulp has almost tripled in the
past 40 years. (See Table 9.5.) Regional experience is uneven,
with the most rapid expansion occurring in the tropical regions,
for a variety of reasons described later in the chapter. The rate of
expansion has slowed significantly in recent years, and the current
global market in pulp and paper products is marked by overcapac-
ity in the industry and low prices. This has resulted in an unprece-
dented decline in U.S. pulp and paper production and capacity
after 1999, for example (Economist 2000). Since late 2003, prices
for pulp have rebounded, perhaps aided by high demands in the
expanding Chinese economy. This current situation does not,
however, change the outlook for further structural change and
regional shifts in these industries, especially with increased pro-
duction from plantations globally.

These factors suggest that the prospect for the near future is a
continued leveling off of wood pulp production, with continued
decline of major pulp mills in the mature production areas of
Europe, Japan, and North America. Those impacts, if they occur,

Table 9.5. Wood Pulp Production, 1961–2000 (Data from FAO 2003c)

Region 1961 1980 2000 1961–80 1980–2000

(million tons) (percent change)

Africa tropical 0 0.07 0.04 –41

America temperate 33 66 85 98 28 

America tropical 0.5 4 8 673 128

Asia temperate 8 20 22 146 8

Asia tropical 0.05 1 7 1,292 804

Europe temperate 18 31 41 68 33

Southern temperate 1 4 9 253 117

Other areas 0.04 0.3 1 789 74

Total 62 126 172 104 36
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will not affect all regions similarly. The industry continues to shift
both mill locations and wood supply contracts to regions of
lower-cost production, such as South America and Asia. Such
shifts are also tied to increased demand in Asia, especially China.

The rapid increase in wood pulp production over the past
four decades was tied to several trends, such as increased popula-
tion and literacy, leading to increased consumption of paper and
paper products and increased use of packaging and packing mate-
rials as trade in manufactured consumer goods has grown. The
slowdown of the rate of growth in wood pulp production, how-
ever, indicates a maturation of these markets and the impact of
competing materials. Nevertheless, the International Institute for
Environment and Development (1996) predicts continued in-
creased consumption of paper globally, with most of the increase
in Asia.

Even so, there appears to be little evidence to suggest that
changes in forest ecosystem condition will materially affect the
availability of wood pulp globally in the foreseeable future. In
fact, the evidence suggests that the increased harvest of young
plantations will continue to keep supplies ample and prices low.
Since most of the end products of wood pulp (packaging, paper,
and so on) are traded in market economies, it is unlikely that
changes in the supply will affect consumer well-being, since these
societies are generally less vulnerable to modest price changes, and
world trade is active in most of these items.

The use of non-wood fiber in pulp supply is expected to re-
main low and concentrated in Asia. Non-wood materials made
up 5.3% of global pulp in 1983 and 11.7% in 1994, and they are
expected to reach 12–15% by 2010 (Pande 1998). Most of the
non-wood fiber is used in ‘‘small-scale pulp mills’’ (less than 30
tons a day), many of which are currently being closed as a result
of poor pollution controls and increasingly stringent standards
(e.g., FAO 1998a). This industry has not been well supported by
research and development of improved technology or pollution
controls (Hunt 2001). Two scenarios are likely for the small-scale
non-wood pulp sector. Either most small mills will eventually be
replaced by larger regional mills that use wood fiber, or cost-
effective pollution abatement will be developed, in which case
the projected 10–15% of global production of paper from non-
wood fibers may be realized.

9.2.3 Craft Wood

The use of wood as a basis for local crafts is common in forested
and wooded regions. The products range across a wide variety—
from musical instruments to special furniture, toys, and fixtures
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and to artistic and decorative objects. The woods prized for many
of these objects are often culled from commercial timber produc-
tion lines.

While wood crafting is often a significant local economic or
cultural activity, there are few data to address the importance of
these wood products at the ecosystem, country, or regional level,
and few reliable data at the global level to assess the condition and
trends of the production of craft wood products. From the limited
information available, Bali exports about $100 million of wood
carvings a year, suggesting an important contribution to local
economies. A study done by CIFOR (2002) indicated that the
African craft wood industry is not sustainable, with a declining
availability of preferred tree species in most African countries.

9.2.4 Carbon Sequestration in Wood Products

The international community has increased its focus on the issue
of climate change due to the buildup of atmospheric carbon diox-
ide and other greenhouse gases. One topic receiving significant
attention has been the ability of forests to sequester atmospheric
CO2 in the process of photosynthesis. (See Chapter 21.)

The harvesting of forest products from sustainably managed
forests leads to medium-term carbon sequestration in the form of
stable wood products that remain in use for decades or centuries
(Skog and Nicholson 1998). Functions for quantifying the rate of
retirement or turnover of a wide variety of forest products have
been developed, allowing analysts to calculate the carbon fate of
harvested wood products (Skog and Nicholson 1998).

At this time, there have been no carbon offset payments or
credits recognized for wood product storage, and the national re-
porting guidelines under the United Nations Framework Con-
vention on Climate Change have treated wood products as
though the carbon contained was released in the same year that it
was harvested (Houghton et al. 1997). This would be a reasonable
assumption if the amount of wood products in use were stable,
but it has been estimated that the total amount of wood stored in
products was increasing globally at a rate equivalent to about 139
million tons of carbon per year in 1990 (Winjum et al. 1998).
Continuing research and international negotiations are seeking
practical ways in which this carbon sequestration can be appropri-
ately documented and credited to countries under the UNFCCC
and the Kyoto Protocol.

9.2.5 Drivers of Change in Production and
Consumption of Timber Products

Increased production of wood products is associated with the
growth in human population, improved literacy, increased indus-
trial development, and the associated greater demand. Most of
predicted future human population growth is expected to occur
in developing countries and to place more demands on forest re-
sources.

Nevertheless, as noted earlier, there are many factors affecting
use of wood products that have resulted in reduced demand for
some products, with changes in structural products and recycling;
at the same time, other factors are leading to increased consump-
tion, including increased literacy and the development of the
Chinese economy. Still other factors are influencing how prod-
ucts are produced, where supplies come from, and which nations
are importers and exporters of wood products. Aside from pro-
duction and demand factors, climate change will have an impact
on the forests of many nations in the future and will likely result
in the increased use of plantations to sequester carbon to mitigate
change (Gitay et al. 2001). In spite of difficulty in quantifying
clear cause-and-effect relationships, some causal factors can
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be identified and assessed, at least in a general manner. These
are discussed briefly in this section. (See also MA Scenarios,
Chapter 7.)

9.2.5.1 Globalization

The trend toward globalization of timber trade has significantly
affected the forest products industries in recent decades. As mar-
kets become more globalized, companies tend to rely more on
plantation forests than on natural ones, particularly in the south-
ern temperate and Asian countries, where labor and materials
tend to cost less. Technological advances have helped to enable
long-distance operations. Information and communications tech-
nologies allow companies and traders to manage activities and
processes across the world. Falling transportation costs, spurred in
part by increased trade in manufactured commodities, help lower
shipping costs for relatively low-value material, such as wood
chips or other unprocessed fibers.

Market competition encourages firms to relocate production
facilities or to buy production inputs in regions where lower labor
costs, easier access to resources, higher timber yields, good gover-
nance, political stability, functioning logistics and service, avail-
ability of recycled fiber, or any combination of these factors exist
that can bring costs down and increase profits. In 1999, for exam-
ple, the production costs for bleached pulp in Chile was estimated
at $330 per ton, compared with $420 per ton in northern indus-
trial countries (Financial Times 1999).

During the 1970s and 1980s, world trade in wood chips
emerged as a growing factor in the paper industry. At present a
fleet of more than 100 specialized chip vessels operates under
charter, hauling chips long distances. Increasingly, chip exports
are being based on plantation forests in sub-tropical and tropical
regions instead of primary forests or low-value secondary forests
in temperate regions.

9.2.5.2 Supply Shifting

Shifting timber production is in part a function of globalization
and the lower cost of fiber from plantations in regions of the
Southern Hemisphere, but it is also a function of political deci-
sions to protect forests from harvest (Berlik et al. 2002). When
affluent regions use more wood products than they produce, the
harvest is often shifted to regions that have less capability or desire
to enforce oversight on such matters as environmental impact or
worker safety and health. The result is greater negative impact
than would arise if consumption were reduced, or production
increased, in the affluent region (Berlik et al. 2002). Both deple-
tion of supply and shifting technologies also result in changes
among the species harvested.

High-quality veneer and sawn wood continue to be produced
largely from primary or secondary natural-origin forests as op-
posed to plantations. A major exception is the management of
plantations in northern and central Europe on long rotations for
high quality sawlogs. Pulkki (1998) suggested that sustainable for-
est management techniques could ensure the long-term provision
of valuable species from most tropical areas as well, but that is not
a prospect for the near-term future. Teak offers a particularly good
example of a high-quality hardwood species that can be grown to
sawlog size in about 30–40 years in tropical areas. Little teak is
now derived from natural origin forests (Pandey and Brown
2000), and the future of the species as a commercial product de-
pends on plantations (Rasmussen et al. 2000).

Traditionally valued rare tropical hardwoods have seen shift-
ing patterns of sourcing over the centuries as early supplies were
depleted and replacement species emerged, often from other con-
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tinents. Given the nature of the species, the trends in deforesta-
tion, and weak institutional capacity in producing areas, many
valuable tropical species will decline markedly in availability in
future decades (Adams and Castano 2002).

9.2.5.3 Increase in Plantations

The recent increase in plantations is forecast to continue into the
foreseeable future, even if the rate of expansion proceeds more
slowly than in the recent past. FAO estimates that the plantation
share of roundwood production will grow from the current one
third to almost half of total global production by 2040. Round-
wood production from plantation forests is likely to provide 906
million cubic meters by 2045 compared with 331 million cubic
meters in 1995 (FAO 2000c, 2001a).

There is considerable debate over the appropriate role of plan-
tations in relation to sustainable forest management (UNFF
2003). Oliver (1999) estimates that plantations growing 12.5
cubic meters per hectare per year on 8% of the world’s forested
lands could satisfy current global wood consumption, easing pres-
sure on natural forests. Others argue that the competition from
plantations can render the long-term management of many forests
uneconomical, thus increasing the incentives to exploit and aban-
don them or to sell them off for development or other land uses
(TMFWI 2001). Investments in plantation forestry will only be
made under good governance (Rice et al. 1997). Most plantation
investment is in countries with stable political systems, high avail-
ability of land, and climate and soil conditions that promote high
yields. Whether that concentration can continue for long without
controversy over conflict with other land uses, traditional users,
or environmental impact is highly uncertain (Durst and Brown
2002).

In the near future, the production from plantations will sig-
nificantly increase due to the age structure of the current planta-
tions. In 1995, it was estimated that some 55 million hectares of
plantations were younger than 15, and some 22 million hectares
were in the 0–5 year age class (Brown 2000). Many of those plan-
tations will be coming into harvest age between 2005 and 2010,
and to the extent that they reflect the enhanced yields being pur-
sued through improved varieties, fertilization, and other manage-
ment improvements, their impact on markets will be significant.

There is a large body of research available to enable plantation
managers to improve yields from their lands by selecting specific
stock or improved stock from various genetic improvements, de-
pending on species. For example, Newton (2003) suggested that
volumes in planted northern conifers can be improved by 7–26%
at rotation age through genetic improvement, Matziris (2000)
suggested an observed volume increase of 8–13% in Aleppo pine
(Pinus halepensis) in Greece, and Li et al. (2000) estimated volume
improvement in loblolly pine of 12–30% through tree improve-
ment.

Planted forests supply less than 7% of wood used for fuels
(FAO 2000c), but the opportunities to expand various forms of
agroforestry in community settings, reducing travel times to ob-
tain fuelwood and supplying livestock fodder, are immense and
could have large impacts on the quality of life in many parts of
the world (Sanchez 2002).

9.2.5.4 Mechanization and Utilization Technology

Mechanization of timber harvesting has reduced employment in
the forestry sector, particularly in the tasks of felling trees and
transporting logs. However, mechanization has been key to im-
proving forest management and has led to reduced injury and
mortality in the sector.
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The output of forest products has risen faster than the produc-
tion of industrial roundwood over the last 20 years. Conversion
efficiency, recycling, and waste reduction are all contributing fac-
tors. In developing countries, however, efficiency is still low and
improvements will increase fiber availability (Chen 2001). For
example, while mills in the industrial world produce about 70%
product from the wood received, mills in the developing world
reach only 30% (WWF n.d.). Closing this ‘‘efficiency gap’’
through technology transfer and other means offers a significant
opportunity for meeting future commodity demands without in-
creasing pressure on forest ecosystems.

Engineered wood products are becoming increasingly com-
mon as a result of reductions in the availability of high-quality
structural wood, competition from steel products, and cyclical
wood prices. These products, derived as a result of new technolo-
gies, essentially turn low-quality wood and wood residues into
products valuable for construction and furniture (Enters 2001).
The use of engineered wood products in the North American
market, for example, has grown at a rate of 20% per year since
1992, reaching more than 29 million cubic meters in 1997 and
projected to rise to over 45 million cubic meters by 2005 (Taylor
2000). If the use of these technologies continues to spread, the
pressure on some ecosystems and high-quality species will be
eased.

9.2.5.5 Global Energy Sources and Costs

As nonrenewable fossil energy supplies decline and new sources
of renewable energy are sought, the implications for the supply
and consumption of forest products are significant. They are not,
however, all pressing in one direction, so the potential effect is
mixed and difficult to discern at this point.

To the extent that the cost of energy rises in response to fossil
supply changes, forest product technologies that are energy-intensive
will become less competitive. Whether this will affect some of the
new engineered wood products is unclear. In addition, field pro-
duction methods that rely on mechanization may suffer competi-
tively against those that use more traditional means of growing,
harvesting, and processing timber, and trade could be affected if
transportation costs rise significantly.

On the other hand, increasing prices for fossil fuels are likely
to encourage more-rapid development of biomass-based fuels,
and their emergence could provide outlets for low-grade timber
products that currently lack markets. On managed natural forests,
in particular, the sale of low-grade timber could provide the fi-
nancial support needed to invest in thinning, weeding, and other
management practices that result in improved forest health and
the production of higher-quality timber products. Such markets
could also provide economic incentives for the establishment of
agriculture or forest plantations devoted to woody crops grown
specifically for energy production.

9.2.5.6 Sustainable Forest Management

Appropriate forest management can improve yields and permit
long-term sustainable timber production from extensively man-
aged forests. However, managing forests in a sustainable manner
may create short-term reductions in timber harvest as managers
seek to replace production goals with sustainability goals. (See
Chapter 21.)

Although there are still significant differences in the national
interpretations of sustainable forest management progress, FAO
reports that in 2000 some 89% of forests in industrial countries
were subject to a formal or informal management plan (FAO
2001a). Although reports from developing countries were less
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complete, about 6% of those forests were reported to be subject
to a formal management plan covering at least five years. These
efforts may be too new to assess the ultimate impact on timber
harvest levels, and there is no international assessment of their
effect at this time.

There is a clear efficiency gap in logging methods between
forests in many tropical and sub-tropical areas and sustainably
managed forests elsewhere. The result is considerable waste of
wood, loss of forests, forest degradation, and soil damage in unsus-
tainable operations. The Tropical Forest Foundation suggests that
50% less stem damage during operations would increase produc-
tivity on a given land base by 20%. The application of sustainable
management practices in developing countries (that is, reduced
impact logging) would go a long way toward improving long-
term fiber yields and the effective and efficient use of extracted
resources, while conserving forests as systems (FAO 2003b). Im-
proved infrastructure, reduced corruption, and independent certi-
fication may all be required for improved forest management to
become a reality in many developing nations.

9.2.5.7 Forest Certification

Forest certification has been developed as a means of helping
demonstrate that specific forests are being managed in a sustain-
able manner under a defined set of standards as wood products
are harvested (see MA Policy Responses, Chapter 8). It is described
by proponents as a market-based instrument, with the implicit
assumption that consumers will prefer certified forest products
and be willing to pay a price premium sufficient to cover the
cost of the certification process and the associated management
techniques. Timber producers that have adopted certification
have done so primarily to reduce pressure from environmental
NGOs and to satisfy customers such as merchants and retailers
who are at risk from NGO campaigning.

By 2000, several certification schemes had emerged, and some
80.7 million hectares, or about 2%, of the global forest area was
certified (FAO 2001a). Virtually all of this land (92%) was in the
industrial regions of North America and Europe. The movement
has continued to expand rapidly, and by 2003 some 124.1 million
hectares were reported certified on the Web sites of three large
certification systems—the Programme for Endorsement of Forest
Certification Schemes (formerly the Pan-European Forest Coun-
cil), the Forest Stewardship Council, and the Sustainable Forestry
Initiative—and the Canadian Standards Association added an-
other 14.4 million hectares. By 2004, the estimate of certified
forests in those four systems had grown to 164 million hectares
(van Kooten et al. 2004). However, certification is still largely a
phenomenon of industrial countries.

The implications of certification for the future production of
timber remain uncertain. The costs of achieving certification are
significant, and the extent to which those costs might create com-
petitive imbalances is still uncertain. The hope that certified prod-
ucts would command a price premium that could cover the
additional costs has not yet been realized, and it seems unlikely in
the foreseeable future. It is possible that market pressures (particu-
larly access to specialized markets in regions such as Europe) could
create new and significant pressures for companies to undergo
certification.

9.2.5.8 Deforestation

Deforestation and the loss of forests reduces the land’s capacity to
produce wood and other services. (See Chapter 21.) Loss of for-
ests has a long history throughout Europe and western Asia, but
during the last four decades the highest deforestation rates have
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been in tropical forests in Africa, Southeast Asia, and South
America, where it is currently estimated that over 100,000 square
kilometers per year are deforested (FAO 2001a).

Where deforestation continues in tropical forest regions, pro-
ducers may be unable to maintain past production levels because
forests are converted to other land uses or lands become too de-
graded to recover to forests. One example is in Africa, where
producers in Ghana and Côte d’Ivoire are losing forest to large-
scale conversion to coffee and cocoa plantations (TMFWI 2001).
Certain forest types, particularly dry tropical forests, are especially
subject to land use change.

9.2.5.9 Political and Economic Change
Political and economic changes occur regularly, and most create
largely local or regional impacts on the production or consump-
tion of timber products. Some, however, such as the collapse of
the Soviet Union, the decision to eliminate timber harvest in
major areas of China, or increased corruption (Smith et al. 2003)
create impacts on the forest products industry around the globe.
Given the increasing trend toward globalization and supply shift-
ing described earlier, political decisions that once created mainly
local or national impacts may now affect global supply and de-
mand dynamics.

One dynamic that exists but is difficult to assess is the uncer-
tainty associated with public policy. Investors who fear that public
pressure will reduce access to timber supplies, or force new costs
on production processes, may hesitate to make investments or
may move their operations to locations perceived to be less risky.
This raises the specter of extractive industries concentrating on
the least restrictive areas, where public pressures for effective pol-
lution controls or sustainable management are lower and the re-
sulting environmental and social impacts are higher.

9.2.6 Environmental and Social Impacts of Timber
Extraction

9.2.6.1 Environmental Impacts
Poorly planned or excessive timber harvesting can increase road
access into remote forest areas, leading to a reduction in forest
interior and increasing the ‘‘edge’’ effects associated with forest
fragmentation (Kremsater and Bunnell 1999). This has resulted in
wildlife population declines and reduced species richness (FWI/
GFW 2002). Increased access to forests promotes illegal logging
as well as poaching of wildlife resources and hunting of bushmeat.
The trade in illicit bushmeat has become so widespread that in
2002 the signatories to the Convention of Biodiversity adopted a
resolution and a program of action to deal with this issue at their
Sixth Convention of the Parties, and the Convention on Interna-
tional Trade in Endangered Species of Wild Fauna and Flora has
established a special working group to deal with this issue.

Environmental concerns over single-species plantation forests
compared with managed natural forests include reduced biodiver-
sity, degradation of soils, reduced water conservation, increased
susceptibility to pest invasion, and impacts of genetic modifica-
tions on natural gene diversity (Nambiar and Brown 1997; Estades
and Temple 1999; Lindenmayer and Franklin 2002; Thompson et
al. 2002; Cossalter and Pye-Smith 2003; SCBD 2003). However,
under many situations, when plantations are established on de-
graded lands and are appropriately managed they can increase
local biodiversity through re-establishment of native species in the
understory (Lugo et al. 1993; Allen et al. 1995).

9.2.6.2 Social Impacts
The importance of wood products to domestic industries, em-
ployment, building materials, and energy supplies can be esti-
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mated by several measures. Wood products facilities at all scales
provide employment that can be important to local communities.
Harvesting trees, hauling logs and products to market, and han-
dling shipments at ports engage additional workers. In some in-
stances, the cycle of work is dictated by weather, creating seasonal
employment, for example in the Amazon region, where the
flooding cycle halts logging and milling for months at a time.

FAO estimates that the global forestry sector provides subsis-
tence and wage employment equivalent to 60 million work years,
with 80% in developing countries (FAO 1999). Much of this in-
volves people who work in an ‘‘informal’’ economy. One esti-
mate is that for every job reported in the official surveys, there
could be as many as two jobs that go unreported (TMFWI 2001).
In addition, timber products and fuelwood are critical portions of
many subsistence economies.

The number of people involved is significant, but the data for
evaluation of trends and impacts on human well-being are scarce.
For example, European enterprises with fewer than 20 employees
are not included in formal employment surveys (EU 1997). Yet
in the European Union it is estimated that over 90% of all firms
have fewer than 20 employees (Hazley 2000). One database lists
7,000 Indian workers in furniture making, when it seems more
likely that there could be several hundred thousand thus em-
ployed in this country of 1 billion people (TMFWI 2001). The
FAO estimate of 60 million work years is likely to be an under-
estimate of the true figure.

The impacts of economic change and development strategies
fall unevenly on different portions of society. Conversion of for-
ests into timber production as a primary objective may reduce
access and availability for non-timber resources and values, often
at the expense of indigenous populations that were unable to
profit from the increased industrial output. In many developing
countries, forests are a primary source of energy, food, and medi-
cine for some segments of society—often the poor. Forest sources
of food are often most critical as buffer supplies to help subsistence
societies through periods of crop shortages or seasonal famines,
and medicines derived from forest plants are used by some three
quarters of the world’s people, with thousands of medicinal plants
identified as important sources, particularly in tropical forest eco-
systems. Where forests are converted to intensive timber produc-
tion or plantations, the resulting loss of biological diversity is
mainly of these non-timber species, with a resulting decline in
well-being for the people dependent on them.

Public policy decisions that alter timber harvests also have im-
portant impacts on people. It is estimated that China’s decision to
restrict timber harvest due to concerns for the flooding caused by
improper harvesting methods will reduce employment by up to 1
million jobs (China Green Times 2000). This is now having major
impacts on regional wood markets as Chinese industry turns to
international sources for logs and fiber.

Replacement of managed natural forests by plantations at large
scales may affect local and indigenous communities, either
through displacement or through the loss of the natural forest
biodiversity that formerly provided sources of food, medicine,
fuelwood, fodder, and small timber on which these communities
depend for their livelihoods.

9.3 Non-wood Forest Products
A great number of non-wood forest products are of importance
to people in virtually every forest ecosystem and elsewhere. These
products contribute directly to the livelihoods of an estimated 400
million people worldwide and indirectly to those of more than a
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billion. They include foods, medicinal products, dyes, minerals,
latex, and ornamentals among others. This section, however, con-
siders only those that are fiber-based and serve as inputs to con-
struction or craft purposes.

9.3.1 Bamboos

There are approximately 1,200 species of woody and herbaceous
bamboos, the former being most important from the socioeco-
nomic perspective (Grass Phylogeny Working Group 2001).
Many woody bamboos grow quickly and are highly productive.
For example, the shoots of Bambusa tulda elongate at an average
rate of 70 centimeters per day (Dransfield and Widjaja 1995). An-
nual productivity values range between 10 and 20 tons per hectare
per year, and bamboo stands may achieve a total standing biomass
that is comparable to some tree crops (of the order of 20–150 tons
per hectare) (Hunter and Junqi 2002). It is estimated that bamboo
makes up about 20–25% of the terrestrial biomass in the tropics
and sub-tropics (Bansal and Zoolagud 2002). A substantial
amount of bamboo timber comes from plantations, although nat-
ural forests are also important.

Bamboos are multipurpose crops, with more than 1,500 doc-
umented uses. As a construction material, bamboo is widely used
in all parts of the world where it grows, and because of its high
strength-weight ratio, bamboo is the scaffolding material of
choice across much of Asia. The tubular structure of the plant is
optimally ‘‘engineered’’ for strength at minimum weight. In
many places, its use is restricted almost exclusively for low-cost
housing, usually built by the owners themselves. For this and
other reasons, bamboo is often regarded as the ‘‘poor man’s tim-
ber’’ and used as a temporary solution to be replaced as soon as
improved economic conditions allow. However, architects’ inter-
est in working with bamboo has also led to this becoming a com-
mon building material for the wealthy. Modern manufacturing
techniques allow the use of bamboo in timber-based industries to
produce flooring, board products, laminates and furniture.

Despite its importance, very little is known about the world-
wide distribution and resources of bamboo, especially in natural
forests, although some preliminary regional assessments are avail-
able (Bystriakova et al. 2003, 2004). As a non-wood forest prod-
uct, and one that is often harvested in non-forest settings, bamboo
is not routinely included in forest inventories. According to FAO,
statistical data on bamboo timber are only available for 1954 to
1971 (FAO 2001a). Today, very few countries monitor non-
wood forest product supply and use at the national level, although
program efforts in some countries (such as India) are beginning to
occur.

Although reported figures on the area of bamboo forests are
inconsistent, it is widely accepted that China is the richest country
in the world in terms of bamboo resources. China’s bamboo for-
ests cover an estimated area of 44,000 to 70,000 square kilome-
ters, mostly of Phyllostachys and Dendrocalamus species. Their
standing biomass is estimated at more than 96 million tons (Feng
2001). Asia ranks first in bamboo production, and Latin America
is second. It is estimated that bamboo in Latin America covers
close to 110,000 square kilometers (Londoño 2001).

Worldwide, domestic trade and subsistence use of bamboo are
estimated to be worth $8–14 billion per year. Global export of
bamboo generates another $2.7 billion (INBAR 1999). Bamboo
is increasingly being used as a substitute for wood in pulp and
paper manufacturing, and currently India uses about 3 million
tons of bamboo per year in pulp manufacture and China about 1
million tons, although China is set to increase the use of bamboo
for paper to a target of 5 million tons per year.
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In many countries in Asia, Africa, and Central and South
America, bamboo products are used domestically and can be very
significant in both household and local economies. In parts of
Africa, for example, the majority of rural families depend entirely
on raw bamboo for construction, household furniture, and fuel.
Since the products are traded locally, statistics do not enter the
national accounting systems. Thus the real value of bamboo prod-
ucts, as well as the impact of changing supplies on human well-
being, is difficult to estimate.

9.3.2 Rattans

Rattan is a scaly, fruited climbing palm that needs tall trees for
support. There are around 600 different species of rattan, belong-
ing to 13 genera; the largest of which is Calamus, with some 370
species (Sunderland and Dransfield 2000). It is estimated that only
20% of the known rattan species are of any commercial value.
The most important product of rattan palms is cane from the stem
stripped of leaf sheaths. This stem is solid, strong, and uniform,
yet highly flexible. The canes are used either in whole or round
form, especially for furniture frames, or split, peeled, or cored
for matting and basketry. Rattans require considerable treatment,
including boiling and scraping to remove resins and dipping in
insecticides and fungicides prior to drying. The range of indige-
nous uses of rattan canes is vast—from bridges to baskets, fish traps
to furniture, crossbow strings to yam ties.

Rattans are almost exclusively harvested from the wild tropical
forests of South and Southeast Asia, parts of the South Pacific
(particularly Papua New Guinea), and West Africa. Much of the
world’s stock of rattan grows in over 5 million hectares of forest
in Indonesia. Other Southeast Asian countries, such as the Phil-
ippines and Laos, have less rattan but have been relatively self-
sufficient due to the appropriate size of their processing sector.
No rattans grow naturally elsewhere, and even in these locations
deforestation can lead to local extinction of rattans due to their
dependence on mature forests.

In the last 20 years, the international trade in rattan has under-
gone rapid expansion. The trade is dominated by Southeast Asia,
and by the late 1980s the combined annual value of exports of
Indonesia, Philippines, Thailand, and Malaysia had risen to almost
$400 million, with Indonesia accounting for 50% of this trade
(Sunderland and Dransfield 2000). The net revenues from the sale
of rattan goods by Taiwan and Hong Kong, where raw and par-
tially finished products were processed, totaled around $200 mil-
lion a year by the late 1980s (Sunderland and Dransfield 2000).

Worldwide, over 700 million people trade in or use rattan.
Domestic trade and subsistence use of rattan are estimated to be
worth $2.5 billion per year. Global exports of rattan generate an-
other $4 billion (INBAR 1999).

9.3.3 Drivers of Change in Bamboo and Rattan
Products

9.3.3.1 Increased Trade

Traditionally, bamboo was used domestically and supplies were
extracted based on local requirements. Contemporary additional
applications of bamboo have propelled it into new domestic and
international markets, increasing profits and income for many
participants in the sector. Bamboo generates substantial export in-
come for several countries, such as China ($329 million in 1992)
and the Philippines ($241 million in 1994) (INBAR 1999).

Indonesia has a clear advantage over other countries, with its
overwhelming supply of wild and cultivated rattan (80% of the
world’s raw material), and rattan contributes about $300 million
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to Indonesia’s foreign exchange and is an important vehicle for
rural development. It also raises the value of standing forests, as
rattan is the most valuable of the non-wood forest products in the
country, earning 90% of total export earnings from such products
(INBAR 1999).

Much of Indonesian wild production was diverted from the
international market to the domestic market as a ban on export of
unprocessed rattan was phased in between 1979 and 1992. Other
major rattan products manufacturers, such as the Philippines and
China, are augmenting domestically produced supplies with im-
ports from other rattan producers such as Myanmar, Papua New
Guinea, and Viet Nam (often based on unsustainable harvesting),
along with continued illicit supplies of Indonesian cane.

9.3.3.2 Depletion of Resource Base

Most bamboo-processing countries are facing a shortage of raw
material. The causes of this range from overharvesting and con-
version of bamboo forestland to settled agriculture or shifting cul-
tivation. Restoring productive agricultural land to bamboo
production is often difficult, as is seen in parts of Nepal, where
farmers’ concerns for food security are more pressing.

In Indonesia, Laos, and the Philippines, parts of the rattan re-
source base are becoming scarce. In Indonesia, large-diameter rat-
tans are becoming scarce; in Laos, the rate of exploitation from
accessible areas is unsustainably high; and the Philippines has re-
cently become a rattan importer (INBAR 1999). In all cases, loss
of forest cover is a main contributor to reduced supply of rattans.
As a result of limited supplies of rattan in China and the Philip-
pines, wood is now regularly used in place of large-diameter rat-
tan as a main structural element in ‘‘rattan’’ furniture.

9.3.3.3 Biological Cycles

Many species of bamboo flower simultaneously at long intervals,
then set seed and die. Where large areas of bamboo forest are
involved, these area-wide disturbances are significant. India, for
example, is currently experiencing a bamboo flowering that is
expected to affect more than 10 million hectares and peak in 2007
(FAO 2004). The impacts are enormous. The amount of dead
woody product vastly exceeds harvesting and storage capacity,
leading to serious economic losses. Soils unprotected from erosion
are damaged before vegetation is re-established, and local em-
ployment suffers. The huge influx of seed leads to a population
explosion of rats that, when the seed supply is largely eaten, move
out to compete with people for food in regional communities.
The last flowering cycle in India (1911–12) led to serious famines,
and research and policy measures are under way to mitigate the
damage of the current flowering cycle (FAO 2004).

9.3.3.4 Plantations

While a few countries, such as China and India, have successfully
promoted bamboo plantations, far more struggle with providing
the needed technical and financial support. Potentially adverse
effects of bamboo monoculture, such as possible depletion of soil,
low biodiversity, and loss of genetic diversity, are largely uncer-
tain.

Private-sector cultivation of rattan, from both large and small-
scale plantations, has fallen below expectations and failed to re-
spond to local raw material scarcities. The traditional rattan culti-
vation system in Kalimantan appears to be under threat, with
reduced rattan garden establishment and some conversion of ex-
isting rattan gardens to other uses owing to low prices for the
main cultivated species and new competing land use opportunities
(Belcher 1999).

................. 11432$ $CH9 10-11-05 14:56:36 PS



257Timber, Fuel, and Fiber

9.3.3.5 Technological Development and Substitution

Industrial use of bamboo has increased dramatically due to new
developments in bamboo processing technology. Laminated bam-
boo board, bamboo mat plywood, bamboo particleboard, bam-
boo-fiber molds, floorings, and engineered timber (all called
‘‘composites’’) from bamboo fiber are currently available for
building construction, architecture decorating, and other applica-
tions. In the pulp and paper industry, some bamboo species can
be substituted for timber.

9.4 Fuel
In 2000, the world used approximately 1.8 billion cubic meters
of fuelwood and charcoal (FAO 2003b). Energy use from fuel-
wood and charcoal accounts for 0.7–1.1 terawatts out of a global
total energy use from all sources of 14.6 terawatts (Gonzalez
2001b). Although these statistics combine fuelwood and charcoal,
this chapter discusses the two forms separately because of their
different environmental and social impacts.

Although they account for less than 7% of world energy use,
fuelwood and charcoal provide 40% of energy used in Africa and
10% of energy used in Latin America (WEC 2001), and 80% of
the wood used in tropical regions goes to fuelwood and charcoal
(Roda 2002). In Africa, 90% of wood use goes to fuelwood and
charcoal, the highest of any region in the world (FAO 2003a). On
the other hand, fuelwood and charcoal account for only 20% of
wood use in temperate regions (Roda 2002).

The International Energy Agency projects that, by 2030, re-
newable energy sources will provide some 53% of residential en-
ergy consumption in developing countries as a whole, compared
with 73% in 2000. In that projection, an estimated 2.6 billion
people will continue to rely on traditional biomass for cooking
and heating, and virtually all of that will be produced and con-
sumed locally (IEA 2002a).

FAO (2001b) analyses since 1970 indicate that as certain re-
gions in Asia and Latin America have industrialized—particularly
China and Brazil—people have switched from fuelwood and
charcoal to fossil fuels. Consequently, total global fuelwood use
seems to have peaked somewhere around 2000, although total
global charcoal use continues to rise (Arnold et al. 2003).

In recent projections of global energy use, the IEA indicates
that with continuation of present government policies and no
major technological breakthroughs, the use of combustible re-
newables and waste will grow by 1.3% a year, compared with an
overall growth in energy use of 1.7% annually over the next dec-
ade (IEA 2002a). The projections reflect the conclusion that the
growth of combustible renewables and waste will slow as people
in developing countries (which presently use about 73% of world
renewables) gain more disposable income and switch to using fos-
sil fuels. A counter-trend may, however, result as the cost of fossil
fuels rise and people are forced to use less convenient fuels. With
the volatility of international oil prices, these trends will be highly
irregular and difficult to predict.

9.4.1 Fuelwood

People harvest fuelwood by cutting or coppicing shrubs, by lop-
ping branches off mature trees, or by felling whole trees. In many
rural areas, local people prefer fuelwood from shrub species that
will regenerate after coppicing (Gonzalez 2001a). Cooking and
heating are the major end uses of fuelwood and charcoal. In some
developing nations, wood and charcoal are important for com-
mercial applications such as bakeries, street food, brick-making,
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smoking foods, and curing tobacco and tea, and fuelwood is an
important source of income and employment in many rural areas.

Since developing societies tend to shift from wood fuels to
other sources for home heating and cooking, the change in fuel-
wood production and consumption reflects both a change in eco-
nomic condition and a change in ecosystem impact. Fuelwood is
often produced and consumed largely outside the market system,
in subsistence societies, and its value to human well-being is
therefore not captured in unadjusted national economic statistics,
such as GDP.

9.4.1.1 Production and Consumption

FAO provides the most consistently developed estimates over
time for the use of fuelwood. (See Table 9.6.) It should be noted,
however, that these data were developed from a fairly small sam-
ple, and in many countries the historical data were estimated from
models based on population change and average consumption
rates. These FAO country data have been grouped according to
the forest regions established as being reflective of large forest
biomes, but care must be taken in inferring that trends in use of
fuelwood translate directly into impacts on forest ecosystems.
While charcoal is largely produced from forests in the developing
world, fuelwood is produced from woody plants wherever they
are found on the landscape. Note, for example that the ‘‘other
areas’’ category in Table 9.6, which reflects production outside
the identified major forest areas, represents a significant amount
of fuelwood production. To the extent that agroforestry grows in
importance, more of these energy resources will be derived from
agricultural and grazing systems.

The African tropical forest region experienced a near-doubling
(91% increase) in rural population between 1960 and 2000, but
recorded fuelwood value per capita declined, although the decline
slowed only in the latter two decades. (See Table 9.7.) On the
other hand, the Asian tropical region, which also experienced a
doubling of rural populations (98% increase) in the period saw per
capita fuelwood values decline at a far more rapid rate, particularly
since 1980. This indicates that the dependence on wood as a rural
energy source disproportionately declined in Asia relative to Af-
rica (and other regions). This may indicate a shift away from
wood fuel as Asian rural populations experienced more rapid de-
velopment during the period. Nevertheless, FAO predicts an in-
creased demand for wood in central and eastern Asia of about
25% by 2010 over the amount used in 1994 (RWEDP 1997).

Using FAO price data and adjusting for inflation to portray a
constant-dollar value of fuelwood production, the average value
of fuelwood produced per rural person has declined significantly
(with the exception of the Southern temperate region) since
1980. While published prices may stem largely from urban eco-
nomic transactions, rural populations were chosen for this com-
parison because of the importance of fuelwood to rural societies,
particularly poor rural people.

FAO (2003a) projects that total fuelwood use in Africa will
increase by 34% to 850 million cubic meters by 2020, but at a rate
less than the rate of population growth. Local forest departments
throughout Africa have continued to record locally severe prob-
lems of overharvesting to provide wood and charcoal for urban
areas (Arnold et al. 2003; FAO 2003a). (See Box 9.1.) Declining
local availability of fuelwood is also a problem in areas of India,
Haiti, the Andes, and Central America, especially near large cities.

9.4.1.2 Future Availability

Although in the 1970s there was increasing concern that the explod-
ing demand on fuelwood resources, driven by population increases,
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Table 9.6. Fuelwood Production, 1961–2000 (Data from FAO 2003c)

Region 1961 1980 2000 1961–80 1980–2000

(million cubic meters) (percent change)

Africa tropical 157 211 334 34 59

America temperate 48 93 75 92 –19

America tropical 154 192 247 24 29

Asia temperate 238 276 309 16 12

Asia tropical 498 521 513 5 –2

Europe temperate 100 61 57 –39 –7

Southern temperate 16 18 34 12 88

Other areas 113 160 220 42 38

Total 1,325 1,532 1,791 16 17

Table 9.7. Fuelwood Production Monetary Value Per Rural Person, 1961–2000 (Prices from FAO 2003c; CPI for real dollar adjustment
from U. S. Department of Labor)

Region 1961 1980 2000 1961–80 1980–2000

(2000 dollars per person) (percent change)

Africa tropical 17 101 60 478 –41

America temperate 48 797 43 1561 –95

America tropical 48 322 49 577 –85

Asia temperate 20 22 11 8 –50

Asia tropical 50 45 15 –9 –66

Europe temperate 27 29 12 7 –58

Southern temperate 67 48 102 –29 115

Other areas 9 39 21 321 –46

286 1,402 313 390 –78

BOX 9.1

Fuelwood Supply Analysis in Southern Africa

A multiscale analysis of fuelwood availability in the Southern Africa region, • Lesotho; and
done as part of the Southern Africa Millennium Assessment, demonstrates • locations in the former homelands in South Africa—in KwaZulu,
a method of identifying localized conditions that would otherwise be Eastern Cape and Limpopo provinces, and around Gauteng.
masked in a large-scale assessment (Scholes and Biggs 2004). The anal-
ysis utilizes a geographic model to compare the local biomass production SAfMA local studies confirm that fuelwood shortages are experienced at
rate to the local harvest rate. Where harvest exceeds production the stock the last two locations, with the exception of the Gauteng spot. The gener-
will inevitably decline, and, despite some regrowth in the depleted area, alized ‘‘rural Africa’’ model that predicts per capita woodfuel use clearly
the zone in which harvesting occurs expands until the effort required to breaks down in this highly urbanized situation where electricity and coal
transport the wood or charcoal exceeds its value. are well established and relatively cheap energy sources. Conversely,

At the scale of the entire Southern Africa region, much more wood is SAfMA local studies in the Richtersveld and Gorongosa-Marromeu con-
grown than is consumed as fuel (Scholes and Biggs 2004 Fig 7.1). Thus a firm that in areas indicated by the regional model to have a fuelwood
regional analysis would lead to the conclusion that fuelwood supply is not sufficiency, this is indeed the case.
a problem. A more fine-grained analysis, however, reveals several very Checks with local experts and personal experience in the team con-
clearly defined areas of local insufficiency that indicate unsustainable use: firmed that the fisrt three locations currently experience severe fuelwood

deficiencies. Therefore, it seems that the regional-scale assessment cor-
• Western Kenya, southeast Uganda, Rwanda, and Burundi; rectly identified problem areas at a local scale. The authors attribute this
• Southern Malawi; to the fact that the underlying wood production models and fuel demand
• the area around Harare in Zimbabwe and Ndola and Lusaka in models are working at a resolution of 5 kilometers, slightly smaller than

Zambia; the typical radius of fuelwood depletion around population concentrations.
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would have devastating effects on forest ecosystems, currently avail-
able evidence suggests that fuelwood demand has not become a
major cause of deforestation (Arnold et al. 2003). There are local
situations of concern, such as areas near settlements, where an in-
come can be earned by cutting and carrying wood to buyers, but it
appears that fuelwood supply is not important enough in most places,
with the possible exception of some regions in Africa, to attract na-
tional policy intervention to reduce deforestation. The predicted
supply for South and East Asia is well above the projected demand.

Recent estimates developed by FAO indicate that global con-
sumption of fuelwood appears to have peaked in the late 1990s
and is now believed to be slowly declining. Global consumption
of charcoal appears to have doubled between 1975 and 2000,
largely as a result of continuing population shifts toward urban
areas (Girard 2002; Arnold et al. 2003). Since the production of
charcoal entails a net loss of energy and is highly concentrated in
forest areas of the developing world, increased charcoal consump-
tion signals pressure on wood supplies.

9.4.1.3 Impacts on Human Well-being

Fuelwood is the main source of household energy for an esti-
mated 2.6 billion people, and in urban areas of developing coun-
tries families may spend 20–30% of their income on wood and
charcoal fuels (FAO 1999). In terms of impact on their well-
being, the main problem for the ever-increasing number of urban
dwellers may be price rather than availability of fuelwood.

In rural villages that rely on hand-gathered wood, local short-
ages may impose serious time constraints on women, whose task
it usually is to collect fuelwood, as well as increased energy use
and risk of injury associated with lengthy travel with heavy loads.
While it is usually women who search for and carry wood on
their heads and backs for rural use, many rural people load animals
and carts to transport wood for sale in urban areas. Thus, urban
demand translates into local economic opportunities. In areas
where the demand exceeds the sustainable supply, this can result
in serious impacts on local forests.

The lack of reliable and consistent data limits the ability to
assess the impact of fuelwood trends on human well-being. Peo-
ple make fuel choices for a variety of reasons, including conve-
nience, price, and reliability of supplies. For example, it has been
found that price, availability, and ease of use are very important in
affecting fuel choice among urban people, while the price of
stoves and the level of pollution from the fuel did not seem to
matter as much (Gupta and Kohlin 2003).

A 1996 survey of rural energy in six Indian states found that
wood was becoming more scarce and difficult to obtain (ESMAP
2000). As a result, some poorer households were using less effi-
cient fuels like straw and dung, while wealthier households were
shifting up the ‘‘energy ladder’’ to purchase charcoal or fossil fuels.
The most common response, however, was for households to in-
crease their collection time to compensate for reduced availability
and access (Arnold et al. 2003). This and other studies reinforce
the conclusion that, in many rural areas, gathered supplies of fuel-
wood still constitute the main source of domestic energy, making
these users more vulnerable to changes that affect their ability
to get wood supplies. Reduced access may arise from resource
shortages, from changes in land tenure (such as increased privati-
zation), or increased distance to common property. In all circum-
stances, the result is a reduction in well-being for affected families.

FAO (2000a) estimates that about half the world’s households
cook daily with biomass fuels and that most of this cooking is
done indoors with unvented stoves. Pollutants found in biomass
smoke include suspended particulates, carbon monoxide, nitro-
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gen oxides, formaldehyde, and hundreds of other organic com-
pounds such as polyaromatic hydrocarbons. In many parts of the
world, for all or part of the year these pollutants are released from
stoves in poorly ventilated kitchens and homes. Women, infants,
and young children who spend more time in the home suffer the
highest exposures.

Several studies have suggested that domestic smoke pollution
is responsible for respiratory diseases, low birth weight, and eye
problems. The evidence is overwhelming in the case chronic ob-
structive pulmonary disease in adults and acute respiratory infec-
tion in children. There is also evidence to suggest a relationship
with perinatal conditions, blindness, tuberculosis, and lung dis-
ease. It has been suggested that domestic smoke pollution may also
be related to asthma and cardiovascular disease (FAO 2000a), and
in total an estimated 1.6 million deaths and 39 million disability-
adjusted life years are attributed to indoor smoke, primarily in
Africa, Southeast Asia, and the Western Pacific (WHO 2002).

There could be additional impacts in local areas experiencing
a shortage of fuelwood. One is the increase in crop residues and
dung that are used for cooking and heating in the absence of
available wood. These fuels are less efficient and produce more
smoke, and the burning of crop residues and dung reduces their
availability for enhancing soil structure and fertility, leading to
reduced food production. Where adequate fuels are not available,
the consumption of cooked food may decline, leading to adverse
effects on nutrition and health.

The conclusion to be drawn is that there are important human
benefits to be gained from targeted efforts to improve fuelwood
availability and accessibility in localities where it is now in short
supply. The adoption of improved stoves, with higher efficiency
and improved venting, would have important human well-being
benefits across wide regions but has often proved more difficult
than anticipated, for reasons of affordability and cultural accept-
ability.

9.4.2 Charcoal

Charcoal consists of the remnants of wood that has been subjected
to partially anaerobic pyrolysis (decomposition under heat). Con-
version of wood to charcoal creates a product with double the
energy per unit mass that is less bulky and more convenient for
transport, marketing, and sale than fuelwood. The major domestic
end uses of charcoal are cooking and heating, often in the urban
areas of developing countries where people are able to purchase,
rather than gather, their home energy supplies. Charcoal is not as
convenient as petroleum fuels, so as incomes rise people tend to
shift from charcoal to coal, gas, or oil. Thus, charcoal consump-
tion has tended to peak, then diminish, as development proceeds.
Other large users of charcoal include light industrial users, such as
blacksmiths and ceramic and brick makers, and Brazil alone pro-
duces approximately 6 million tons of charcoal annually for steel
production (WEC 2001).

In Africa, there is a general trend to replace fuelwood with
charcoal (Girard 2002). For example, in Bamako, Mali, the pro-
portion of households that use charcoal has risen from nothing in
1975 to 50% in 1996, while the proportion using fuelwood has
declined at the same rate (Girard 2002). This trend is expected to
continue throughout Africa.

Converting wood to charcoal provides employment and has
the advantage of using wood remnants and sawdust that are often
otherwise wasted. Nevertheless, much of the charcoal is produced
in low-efficiency ‘‘cottage industries,’’ resulting in a net loss of
energy of as much as two thirds of the energy contained in the
original wood, although some of that lost energy is offset by the
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reduced energy required in transport to markets. Charcoal pro-
duction, particularly if low-efficiency techniques are used, is a
significant source of air pollutants and greenhouse gases.

Charcoal production is declining significantly in Europe and
the southern temperate region. (See Table 9.8.) Where charcoal
production is increasing to provide fuel for some urban areas, and
where inefficient charcoal production methods are common, this
may be a local concern for forest sustainability, although there is
limited information available to assess these situations (Arnold et
al. 2003). Certainly at the regional and global level, trends for
charcoal production and use do not suggest broad threats to forest
ecosystems.

9.4.3 Industrial Wood Residues

In many modern wood industries, residues that were formerly
waste products now provide a portion of the electricity and heat-
ing needs of the mill or paper plant. For example, in the mid-
1990s, it was estimated that the pulp and paper industry in the
United States produced about 56% of its energy needs by burning
the unused wood components removed in the pulping process
(Klass 1998). In the United States, 98% of the bark, saw dust, and
wood trimmings from sawmill operations, and the black liquor
produced in the pulping process, are currently used as fuel or to
produce other fiber products (Energy Information Administration
1994). Enters (2001) indicates that on average, only half the wood
harvested in Asia is used and the rest is unused residue that goes
to waste.

As industrial wood processing and paper-making residues have
become increasingly used to generate energy, the main impact on
local communities has been the associated reductions in air and
water pollution. Historically, many mill communities tolerated
smoke, chemical aerosols, and degraded stream reaches as a neces-
sary part of maintaining the jobs and economic impact of the
mill. Today, the communities that benefit from modern mills have
fewer associated pollution burdens.

9.4.4 Biomass Energy

The world currently relies heavily on nonrenewable fossil energy
sources such as coal, petroleum, and natural gas, and although
long-term forecasts for declining supply of fossil fuels entail a high
degree of uncertainty, Klass (1998) estimates that the gradual
depletion of oil and natural gas reserves will become a major
problem by 2050. As the availability of fossil fuels declines, the
only renewable carbon resource large enough to substitute for or
replace fossil resources for the production of fuels and electricity

Table 9.8. Charcoal Production 1961–2000 (Data from FAO 2003c)

Region 1961 1980 2000 1961–80 1980–2000

(million cubic meters) (percent change)

Africa tropical 2.6 5.6 12.0 114 114

America temperate 0.5 0.9 70

America tropical 6.0 8.7 13.7 45 58

Asia temperate 0.3 0.3 0.5 8 43

Asia tropical 1.6 2.8 3.4 71 25

Europe temperate 0.3 0.4 0.2 24 –39

Southern temperate 0.6 0.6 0.3 4 –48

Other areas 2.9 4.7 8.3 60 76

Total 14 24 39 64 67
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is biomass. Policy implications include the opportunity to encour-
age more efficient and modern biomass systems through techno-
logical development and diffusion.

Industrial biomass includes energy systems generating electric-
ity, heat, or liquid fuels from fuelwood, agricultural crops, or ma-
nure. In 2000, biomass other than fuelwood and charcoal may
have provided 5% of global world energy (WEC 2001). Biogas
produced from dung and other carbohydrate-based agriculture
products like nonedible oil cake is another major source of energy
in Asia, particularly in India and China (Deng 1995).

Current technologies for converting biomass into electricity
and fuels include thermochemical and microbial processes such
as combustion, gasification, liquefaction, and fermentation (Klass
2002). Biogas is most commonly produced using animal manure,
mixed with water, stirred and warmed inside air-tight digesters
that range in size from around 1 cubic meter for a small household
unit to as large as 2,000 cubic meters for a commercial installation
(Ramage and Scurlock 1996). The biogas can be burned directly
for cooking and space heating or used as fuel in internal combus-
tion engines to generate electricity.

Examples of thermochemical processes include wood-fueled
power plants in which wood and woody wastes are combusted to
produce steam that is passed through a turbine to produce elec-
tricity; the gasification of rice hulls by partial oxidation to yield
fuel gas, which drives a gas turbine to generate electricity; and the
refining of organic oils to produce diesel fuels. Another example
is the alcoholic fermentation of corn to produce ethanol, which
is then used in a variety of formulations in motor fuels (Klass
2002).

Soybeans and oil palms produce oil crops that can be pro-
cessed directly into biodiesel. The combination of different bio-
mass sources and conversion technologies can produce all the
fuels and chemicals currently manufactured from fossil fuels. The
major obstacle is the price competition from fossil fuels. While
most analysts foresee the economic gap narrowing and reversing
as fossil fuel prices rise in response to dwindling supplies, there are
varying opinions as to when this may have a significant effect,
with estimations up to the middle of the twenty-first century
(Klass 2003), and some predicting that peak petroleum produc-
tion may occur well within the first quarter (IEA 2002b).

The data on production of biomass-based liquid fuels and
electricity are limited. One major source, the International En-
ergy Agency (IEA 2003), pools estimates for all renewable
sources, including energy generated from solar, wind, biomass,
geothermal, hydropower and ocean resources, and biofuels and
hydrogen derived from renewable resources.
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As noted earlier, fuels and electricity can be produced from
almost any biomass resource, but commercial production has been
limited. A few examples are power and steam production via the
combustion of municipal solid wastes, of fuel gas recovered from
landfills, and of biogas produced in wastewater treatment plants.
Steam and hot water are produced in the gasification of wood and
wood wastes to produce fuel gas for use in commercial buildings
and the combustion of black liquor in the pulp and paper industry.
Liquid fuels for internal combustion engines come from lipids and
fuel oxygenates come from fermented grains. In the United
States, production of fuel ethanol from corn has been commer-
cialized, but it relies on federal subsidies and policies requiring the
use of organic oxygenates in gasoline to reduce pollution in some
areas of the country. A major research and development effort is
in progress to displace corn with low-cost cellulosic feedstocks
such as crop residues and non-merchantable wood produced
through fuel reduction projects aimed at reducing the intensity
and severity of forest fires (Sampson et al. 2001).

On a energy content basis, existing global standing biomass is
estimated to be about 100 times the total annual consumption of
coal, oil, and natural gas in the 1990s, and net annual production
of biomass is 10 times annual energy consumption (Klass 1998).
Incremental new biomass growth on carefully designed sustain-
able plantations that produce dedicated energy crops could even-
tually have large potential uses in meeting global energy demands.

There is considerable variation in the estimates of the biomass
in agricultural wastes that might be available for energy produc-
tion. For example, one study estimates that the potential amount
of rice straw and husks available for energy might range from
about 300 million to 1,900 million tons (Koopmans and Kop-
pejan 1998). The range involves different assumptions about pro-
duction as well as the extent to which available crop residues will
be used for fuel, fodder, fertilizer, fiber, or feedstock. One of the
issues in using crop residues for commercial energy production is
that their use may depend on storage for prolonged periods after
harvest. Also, the scale of biomass electric plants may exceed lo-
cally available feedstock supplies.

Taking into account the net primary productivity of the
world’s ecosystems and conventional energy technology, global
biomass could provide energy at a theoretical rate of 9 terawatts
(WEC 2001) to 26 terawatts (Holdren 1991), compared with the
current rate of global energy use of 15 terawatts (Gonzalez
2001b). Some regional studies show significant supplies available.
(See Table 9.9.) Realistic estimates of supply, however, need to be
tempered by several factors:
• Much biomass, such as crop residues and logging wastes, are

widely dispersed; making their collection for commercial use
difficult and costly.

• The removal of organic material from producing crop and
forestlands may compromise their ability to sustain productiv-
ity. Organic material returns are essential for maintaining soil
quality, so only a portion of the waste biomass can be safely
removed.

• The environmental impacts of increased biomass energy pro-
duction, both positive and negative, need to be considered
(Sampson et al. 1993).
An increasing role for biofuels in the world energy system

would have significant local economic implications. Growing,
harvesting, and transporting these fuels could provide new crop
and employment opportunities for rural residents.

Because biofuels are produced from renewable sources, their
use does not involve a net transfer of carbon dioxide into the atmo-
sphere. As a result, where they replace fossil sources they can be
counted as a positive benefit in attempts to address climate change.
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To the extent that they become a significant force, the benefits
accrue across all nations and societies. For example, the use of
bagasse in Australia is estimated to reduce net emissions of CO2

into the atmosphere by 226,000 tons per year (Ramage and Scur-
lock 1996).

The benefits of clean, renewable energy and fuels are evident,
but the slow rate of their growth in relation to the growth in
fossil fuel use reflects the difficult obstacles that biofuels face. An
integrated, large-scale biomass energy industry has yet to emerge
despite the major expenditures made to develop new technologies
and scale them from research to production levels. In most of the
industrial world, the lack of financing for first-time production
facilities, the difficulty in assuring growers of adequate prices and
producers of adequate supplies in the absence of market experi-
ence, and the lack of an energy infrastructure geared to dispersed,
decentralized production facilities have all deterred industrial de-
velopment of biomass fuel. The competition from fossil fuels has
also contributed to the slow growth in biomass-based production
of modern fuels, despite the steady advances from research and
technological development.

9.4.5 Drivers of Change in the Use of Biomass Fuels

9.4.5.1 Fossil Fuel Availability

The near-term prospects for the future of biomass fuels remain
one of slow growth. If fossil fuel prices continue to rise in the
coming decades, the longer-term prospects (2030–50) for biofuels
look very positive. The combination of drivers, including con-
cern over global climate change, pollution, and fossil fuel deple-
tion, appears poised to drive government policies and market
forces toward an increased role for biomass-based modern energy
sources.

9.4.5.2 Income and Development Levels

As incomes rise and development proceeds, people tend to shift
from low-cost, heavy, or inefficient fuel sources to those that cost
more but require less effort to obtain and use. If development
efforts succeed in raising incomes and living standards, pressures
on local ecosystems for fuelwood will diminish as people move
up the energy ladder to other sources.

9.4.5.3 Technology Development and Transfer

Programs that successfully introduce more efficient cooking and
heating stoves, modern renewable sources (such as solar, geother-
mal, and wind), or other energy innovations can reduce pressure
on local sources of biomass fuels. The result can be improved
human well-being by lowering the time and effort spent gather-
ing fuel, lowering health impacts from smoke, and supporting
improved diets.

Increased use of biomass for commercial energy production
will require continued major investment in research, develop-
ment, and technology transfer.

9.4.5.4 Resource Availability

Lack of accessible fuelwood supplies can be an important localized
problem with serious impacts, particularly on rural or low-income
people. This can be the result of an imbalance between popula-
tion levels and local biomass production capability, as described in
Box 9.1, in the absence of affordable or accessible energy options.
Policy options may include efforts to increase local fuel produc-
tion (through increased agroforestry), introduce technology inno-
vation, or improve fuel transport.
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Table 9.9. Consumption and Potential Supply of Biomass Fuels for 16 Asian Countriesa (RWEDP 1997)

Consumption/Supply

1994 2010 

Area Mass Energy Area Mass Energy
(million hectares) (million tons) (petajoules) (million hectares) (million tons) (petajoules)

Consumption
Total woodfuels 646 9,688 812 12,173

Potential supply
Sustainable woodfuel from forestland 416 670 10,047 370 629 9,440

Sustainable woodfuel from agricultural areas 877 601 9,021 971 692 10,381

Sustainable woodfuel from other wooded lands 93 54 810 81 47 708

Waste woodfuels from deforestation (4) 606 9,083 (3) 438 6,566

Total potentially available woodfuels 1,382 1,931 28,962 1,420 1,806 27,095

50 percent of crop processing residues 877 219 3,458 971 322 5,105

Total potentially available biomass fuels 2,150 32,420 2,128 32,200

aBangladesh, Bhutan, Cambodia, China, India, Indonesia, Lao PDR, Malaysia, Maldives, Myanmar, Nepal, Pakistan, Philippines, Sri Lanka, Thailand, and
Viet Nam.

9.5 Fiber

9.5.1 Agricultural Plant Fibers

A wide variety of crops are grown for fiber production. Flax,
hemp, and jute are generally produced from agricultural systems,
while sisal is produced from the fiber contained in the leaves of
the Agave cactus, which is widely cultivated in tropical and sub-
tropical areas. (See Chapter 22.) Silk is a special case, produced
by silkworms fed the leaves of the mulberry tree, grown in an
orchard-like culture. The production of all the listed fibers except
silk has declined in recent decades. (See Table 9.10.)

Competition from non-cellulosic fibers has increased signifi-
cantly in recent years. (See Table 9.11.) According to the U.S.
Department of Agriculture (whose data varies slightly from that
of FAO in Table 9.10), total world fiber production has grown
by 63% in the last two decades, while the proportion of natural
(cellulosic) fibers has declined from almost two thirds to under
one half (USDA-ERS 2003).

9.5.1.1 Cotton

Cotton is the single most important textile fiber in the world,
accounting for over 40% of total world fiber production. It is an
unusual crop, in that it is an oil crop grown for its fiber, which
develops as elongated surface cells on the seedcoat. The cotton

Table 9.10. World Production of Selected Agricultural Fibers, 1961–2000 (FAO 2003c)

Item 1961 1980 2000 1961–80 1980–2000

(thousand tons) (percent change)

Flax 697 620 522 –11 –16

Hemp 300 186 50 –38 –73

Jute and jute-like fibers 3,492 3,609 3,037 3 –16

Sisal 763 548 413 –28 –25

Silk, raw and waste production 33 69 107 111 56

Total 5,284 5,032 4,129 –5 –18
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seed itself constitutes about 65% of the harvested crop and con-
tains about 17% oil and 24% protein (Gillham et al. 2003).

While some 80 countries around the world produce cotton,
China, the United States, India, Pakistan, and the former Soviet
Union have dominated global production since 1961, although
their relative share of the global total has changed over time. (See
Table 9.12.) Over 70% of the world’s cotton is produced in the
United States (above 30� north latitude), China, the former Soviet
Union countries, and southern Europe (Gillham et al. 2003). The
water and fertilizer requirements for high yields of cotton under
intensive production are high, and it is this that leads to concen-
trated production in so few regions.

Cotton is produced on both irrigated and rain-fed cropland,
and cotton demand has been the basis for major irrigation projects
over the past century. In Uzbekistan, for example, major irriga-
tion developments were constructed in the 1940s to convert the
region into the primary cotton producer for the Soviet Union
(Gillham et al. 2003). The resulting diversion of water, along with
the intensive use of agrochemicals, resulted in disastrous environ-
mental deterioration of the Aral Sea. (See Chapter 20.)

Global production of cotton has about doubled in the past 40
years, while the land harvested has stayed virtually the same (FAO
2003c). However, those global totals mask significant shifting of
cotton growing. For example, a major area expansion in Pakistan
has been offset by large declines in the rest of the world. FAO
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Table 9.11. World Textile Fiber Production, 1980–2000 (USDA-ERS 2003)

Item 1980 1990 2000

(thousand
tons)

(percent of 
year’s total)

(thousand
tons)

(percent of 
year’s total)

(thousand
tons)

(percent of 
year’s total)

Rayon and acetate 3,243 10.6 2,758 7.0 2,216 4.4

Non-cellulosic fibers 10,479 34.2 14,899 37.7 26,137 52.4

Cotton 14,259 46.6 18,969 48.0 19,466 39.0

Wool (clean) 1,693 5.5 1,978 5.0 1,361 2.7

Silk 56 0.2 66 0.2 86 0.2

Flax 630 2.1 712 1.8 591 1.2

Hemp (soft) 258 0.8 165 0.4 57 0.1

Total Fibers 30,618 100.0 39,548 100.0 49,914 100.0

Table 9.12. Annual Production and Area Harvested of Cotton for Selected Countries and Rest of the World, 1961–2000 (FAO 2003c)

Country 1961 1980 2000 1961–80 1980–2000 1961–2000

Production
(thousand tons) (percent change)

China 800 2,707 4,417 238 63 452
India 884 1,292 1,641 46 27 86
Pakistan 324 714 1,825 120 155 463
United States 3,110 2,422 3,742 –22 55 20
Russia/former Sov. Un. 1,528 2,804 1,487 84 –47 –3
Other 2,815 3,966 5,505 41 39 96
Global Total 9,461 13,905 18,618 47 34 97

Area Harvested
(thousand hectares) (percent change)

China 3,868 4,915 4,041 27 –18 4
India 7,719 7,820 8,576 1 10 11
Pakistan 1,396 2,108 2,927 51 39 110
United States 6,327 5,348 5,285 –15 –1 –16
Russia/former Sov. Un. 2,335 3,147 2,545 35 –19 9
Other 10,216 10,981 8,482 7 –23 –17
Global Total 31,861 34,319 31,856 8 –7 0

data show some inconsistency in yields, with China’s year 2000
yield of over 1 ton per hectare being significantly higher than the
global average.

Although the rate of increase in cotton production has slowed
since 1980, further growth in cotton production is set to continue
through either additional planting or irrigation or through in-
creased yields from improved varieties, management techniques,
or pest protection. The reasons for declining production in some
regions vary and include increased competition for available irri-
gation water, loss of productive soils to salinization, or declining
markets and prices due to continued or increased competition
from synthetic fibers.

In one major cotton-producing region—Uzbekistan—the
area planted to cotton has declined steadily from a peak of 2.1
million hectares in 1987 to a reported 1.44 million hectares in
2000 (FAO 2003c). Since the demise of the Soviet Union, the
ability of the region to trade cotton for food has diminished, and
the need to become more self-sufficient in food is contributing to
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the decline in the area devoted to cotton production. In addition,
the collapse of the economy contributed to a lack of fertilizer and
other inputs due to the shortage of foreign exchange (Gillham et
al. 2003).

Cotton plays a major role in the economies of many develop-
ing countries. In India, over 60 million people derive income
from cotton and textiles. In Pakistan, textiles employ over one
third of the industrial labor force, and in Uzbekistan 40% of the
workforce relies on cotton (Gillham et al. 2003). In China, an
estimated 50 million families grow cotton, illustrating that much
of the world’s cotton is produced by smallholders relying primar-
ily on family labor. In these situations, the crop competes with
food crops for available land, water, time, and energy, and strong
markets or government policies that encourage expanded cotton
production may create difficulty in meeting food production
needs.

One of the major challenges in cotton production is the man-
agement of crop pests. The most widely known pest, the cotton
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bollworm (Helicoverpa armigera), causes millions of dollars worth
of damage annually. One estimate suggests that India alone suffers
over $300 million in annual damages from this pest (www.nri
.org/work/bollworm.htm). This has led to major research efforts
around the world to develop improved pest management tech-
niques. One approach, genetically modified cotton, is being
tested in many regions but has raised significant controversies.

Smallholders face significant competitive disadvantages in
growing cotton, lacking the mechanical implements for timely
operations, the inputs to raise yields or protect against pests, and
the marketing ability to produce commercial amounts for sale. It
has been estimated that it would take 75–150 smallholders, aver-
aging a quarter to a half hectare each, to produce 100 bales of
cotton—a common amount needed to attract a commercial con-
tract (Gillham et al. 2003). Thus, many of the world’s cotton
producers need significant technical and marketing support to
maintain cotton production as a viable agricultural option.

Significant changes in the supply of agricultural fibers can have
an impact on those craftsworkers, artisans, and local producers
who rely heavily on one or more of them for their livelihood.
Slow gradual changes, which seem far more likely, will not be as
disruptive, as they provide time for adaptation. Although changes
in the production of cotton in any one region would not appear
to have significant impact on the well-being of consumers, due to
the extent to which the fiber is traded on world markets, such
changes will affect local food supplies due to the competition of
cotton production with food production.

While the controversy surrounding genetically modified or-
ganisms extends well beyond cotton, this crop is one where the
issues are both current and particularly important. Media reports
estimate that some 1.5 million hectare of GM cotton were planted
in China in 2001 and some 100,000 hectares were grown in India
in 2003 after the country approved testing in 2002 (Reuters 2002,
2004). To date, there are no official data on these crop varieties,
but their use is growing rapidly, along with the associated contro-
versies.

GM cotton is the result of genetic engineering that introduces
genetic material from the Bt (Bacillus thuringiensis) organism into
the cotton plant. This protein makes the crop more resistant to
pests such as the cotton bollworm. Proponents of the technology
point to evidence of increased yields and profits to growers, par-
ticularly small growers who lack the capital and equipment to
control pests effectively. They also argue that the technology re-
duces the use of pesticides and lowers associated environmental
impacts. Critics of the technology assert that early pest resistance
is likely to vanish as pests evolve the capability to overcome the
new defenses and that there are dangers of releasing genetic mate-
rial into the environment that may not be subject to natural con-
trols. They also express concerns that farmers may end up using
more pesticide rather than less, as the need to control pests other
than the target pests becomes more important.

These are issues of great importance to the future of many
crops, and an adequate assessment of the technology and its impli-
cations is beyond the scope of this chapter. Such an assessment
will be increasingly important as the world grapples with the im-
plications of GMO crops, including cotton.

9.5.1.2 Silk

Silk has long been highly prized for the manufacture of fine cloth.
It is produced primarily in Asia, where silkworm culture (sericul-
ture) has been under way for centuries. Originally developed in
China, silkworms and their host, mulberry trees, have been ex-
ported widely around the world. Although commercial sericul-
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ture has been tested in many areas of Europe, northern Africa,
and the Americas in the past, world production is now heavily
centered in China, which accounted for 73% of reported world
production in 2000 (FAO 2003c).

Silk production has tripled and the center of production has
shifted from Japan to China over the last 40 years. In 1961, Japan
produced 57% and China produced 20% of a total world supply
of 32 million tons (FAO 2003c). By 2000, China was producing
73% and India was producing 14% of a world supply that had
tripled to 110 million tons (FAO 2003c). China’s silk production
in 2000 (78 million tons) exceeded total world output in 1980
(68 million tons). The movement of silk production from Japan
to China over the recent past appears to be linked primarily to
lower labor costs in the very labor-intensive production process.

9.5.1.3 Flax, Hemp, Jute, and Sisal

FAO data contain statistics on several of the world’s important
fiber crops, including flax, hemp, jute and jute-like fibers, and
sisal.

Flax is obtained from the stems of several varieties of Linaceae
usitatissimum, an annual herb that has been cultivated since prehis-
toric times. The crop has been transported from its native Eurasia
to all the temperate zones with cool, damp climates. It is also
grown for oilseed production in many parts of the world and was
the major source of cloth fiber (linen) until the growth of the
cotton industry. Flax fiber cultivation on agricultural land involves
dense plantings to prevent the annual plant from branching, then
harvesting before maturity.

The total area devoted to flax production has declined from
over 2 million hectares in 1961 to less than 450,000 hectares in
2000. The most significant decline was in the former Soviet
Union, where the area devoted to flax went from over 1.6 million
to about 200,000 hectares. During that same period, the most
significant increase in production was reported from China,
where production has grown fivefold to some 215,000 tons. In
2000, the three largest flax producers (China, France, and Russia)
produced almost two thirds of total global output (FAO 2003c).

Hemp is the common name for Cannabis sativa, an annual
herb that was native to Asia but is now widespread around the
world due to its history of cultivation for bast fiber and drugs.
The fiber, taken from the stem, was once widely used to produce
various kinds of cordage, paper, cloth, oakum, and other prod-
ucts. Hemp production has declined dramatically since 1961, par-
ticularly in the former Soviet Union. In 2000, the two largest
producers (China and North Korea) reported over half of total
global production (FAO 2003c).

Jute is the common name for the tropical annuals of the genus
Corchorus. Many species yield fiber, but the primary sources of
commercial jute are two species (C. capsularis and C. olitorius)
grown in the Ganges and Brahmaputra valleys of India. Jute is
used primarily for coarse fabrics used in burlap, twine, and insula-
tion. Total world production of these fibers declined between
1980 and 2000, particularly in China, Thailand, and Myanmar,
and jute and jute-like fibers are now produced almost entirely in
India and Bangladesh, where some 89% of total global production
originated in 2000 (FAO 2003c).

Sisal is extracted from the leaves of the Agave cactus (Agave
sisalana and A. fourcroyides), which is widely grown in dry tropical
regions. The fibers are strong and used primarily for cordage, such
as binding twine for hay bales. Over 70% of the sisal fiber produc-
tion in 2000 was in Brazil and Mexico (FAO 2003c). The major
decline between 1961 and 2000 was reported by Tanzania, where
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production fell from 200,000 to 20,000 tons in that period (FAO
2003c).

Fibers from Musa (banana and abaca), Ciba, Patendra, and
Bomba species and coir from coconut palm are also used in many
countries for local crafts, cloth, and other uses.

9.5.2 Wood Fibers

Fibers made of almost pure cellulose derived from wood pulp
have been manufactured since the late 1800s. Rayon, the most
widely known, was developed in France in the 1890s and was
originally called ‘‘artificial silk’’ (Smith 2002). It has been com-
mercially produced in the United States since 1910 (Fibersource
2004). In rayon production, purified cellulose is chemically con-
verted into a soluble compound that is then passed through a
‘‘spinneret’’ to form soft filaments that are chemically treated or
‘‘regenerated’’ back into almost pure cellulose. The fibers are then
used to produce cloth, cord, or other products. High-performance
cords, such as those used in tires, were developed in the 1940s
(Fibersource 2004).

At one time, rayon and cotton competed for similar end uses,
but cotton’s lower price gives it a competitive advantage. Rayon
is moisture-absorbent, breathable, and easily dyed for use in
clothing. It has moderate resistance to acids and alkalis and is gen-
erally not damaged by bleaches. As a cellulosic fiber, rayon will
burn, but flame-retardant finishes can be applied. It is now manu-
factured primarily in Europe and Japan (Smith 2002), although
production has declined almost 50% since 1980.

Lyocell is a more recently developed cellulosic fiber, which
entered the consumer market in 1991 and was designated as a
separate fiber group from rayon due to its unique properties and
production processes. Lyocell is both biodegradable and recycla-
ble, and virtually all of the chemicals used in production are re-
claimed, making it a very environmentally friendly fiber (Smith
1999). Lyocell is stronger than cotton or linen both when dry and
wet. These characteristics make it highly useful for a variety of
clothing and similar uses. Since it is a manufactured fiber, the
diameter and length of the fibers can be varied according to the
desired end use, allowing the fiber to be substituted (or blended)
for cotton- or silk-like appearances (Smith 1999). Industrial uses
for lyocell include conveyor belts (due to its strength), cigarette
filters, printers blankets, abrasive backings, carbon shields, spe-
cialty papers, and medical dressings (Smith 1999).

9.5.3 Animal Fibers

9.5.3.1 Domestic Animals

Animal skins and fibers such as wool and mohair are a staple in
many societies’ clothing and shelter. Most domesticated livestock
provide multiple products such as milk, meat, and fiber. Ranching
and herding occur largely in agricultural and dryland systems, and
excessive grazing pressure is often cited as a driving force for deg-
radation of those systems. As competition from synthetic fabrics
has reduced the demand for wool in recent decades, wool pro-
duction declined 16% between 1980 and 2000, after rising be-
tween 1960 and 1980. (See Table 9.13.) The number of live sheep
declined 4.4% in that same period, but since the available FAO
(2003c) data list all live animals together and do not differentiate
those from which wool is harvested, the decline in wool animals
is not clear.

The increase in hide production appears to reflect both in-
creased population (associated with increased consumption of
leather goods) and the growth of animal agriculture. FAO (2003c)
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reports, for example, that the world population of live goats more
than doubled between 1961 and 2000.

Skins and hides from domestic livestock are generally pro-
duced as a by-product of animals slaughtered for meat, so the
trends in Table 9.13 are a reflection of the growth in animal agri-
culture, as well as increased demand. Wool production has stayed
virtually unchanged over the last four decades, showing only a
slight decline between 1961 and 2000. This appears to reflect the
rough balance between increasing populations and reduced per
capita wool usage as other fibers have replaced it in some markets.

9.5.3.2 Wildlife

Skins, furs, wools, and hairs from many species of wild mammals,
reptiles, and even birds and fish are traded in the international
market to make products ranging from clothing and accessories
such as footwear, shawls, and wallets to ornaments and furnishings
such as charms, rugs, and trophies. Consumers of these products
range from local people in Southeast Asian communities using
small pieces of tiger skin as magic amulets to ward off evil and
illness, to the world’s wealthy, wearing fashionable shahtoosh
shawls made from the endangered Tibetan antelope.

The skins, hair, and furs from wild animals have been an im-
portant source of clothing and shelter for people throughout
human history. In some cases today, this trade is putting further
pressure on some of the world’s most endangered species. For
example, progress made over the years in stemming the demand
for tiger bone medicine is being thwarted by what appears to be,
in some countries, increased poaching of tigers for their skins.
Despite their legal protection, the estimated illegal harvest of tens
of thousands of Tibetan antelope annually for their wool has re-
duced populations to fewer than 75,000 animals, compared with
an estimated 1 million at the beginning of the twentieth century.
(See Box 9.2.)

For some species, the trade and use of skins and furs can be
made sustainable. The revival of crocodilian populations in the
wild is considered one of the great conservation success stories of
the last quarter-century, demonstrating the effectiveness of the
Convention on Trade of Endangered Species and sustainable use
management programs. In 1969, all 23 species of crocodilians
were threatened or had declining populations. Today, one third

BOX 9.2

Shahtoosh

The wool of the Tibetan Antelope (Chiru Pantholops hodgsonii), known
as shahtoosh, is a valuable and widely traded commodity, despite the
animal’s protected status and a 23-year-old international trade ban.
Unfortunately, the wool is not collected by combing or brushing the
animal but by killing it, so that individual hairs can be plucked from the
skin (www.traffic.org/25/wild4_3.htm).

Known as Chiru in its home range on the remote Qinghai-Tibetan
Plateau of China, the Tibetan antelope lives at altitudes between 3,700
and 5,500 meters, with some animals venturing into the Ladakh region
of India. More closely related to sheep and goats than to other antelope
species, Tibetan antelope have developed a super-fine layer of hair to
protect against the harsh plateau environment. IUCN classifies the
Tibetan antelope as vulnerable to extinction.

Because items made from shahtoosh bring extraordinarily high
prices, there is widespread poaching and smuggling of hides and wool.
The harsh, remote region and the existence of well-armed and orga-
nized poaching gangs make law enforcement difficult and dangerous.
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Table 9.13. World Production of Hides, Skins, and Greasy Wool, 1961–2000 (FAO 2003c)

Item 1961 1980 2000 1961–80 1980–2000

(thousand tons) (percent change)

Cattle hides, fresh 4,070 5,655 7,389 39 31

Buffalo hides, fresh 322 488 811 52 66

Goat skins, fresh 261 390 840 49 115

Sheepskins, fresh 929 1,106 1,598 19 45

Total 5,582 7,639 10,638 37 39

Greasy wool 2,619 2,794 2,346

of crocodilians can sustain a regulated commercial harvest and
only four species are critically endangered.

The most likely cause of changes in wildlife-derived skins and
fibers will be the ability of governments to control the poaching
and trade in the skins and fibers from animals threatened with
extinction. Where successful conservation efforts can result in a
sustainably harvested supply, production will be maintained. De-
mand for particular animal products (and the resulting prices) may,
in some instances, be driven more by fashion trends or cultural
demands than by ecosystem conditions.

9.6 Sustainability of Timber, Fuel, and Fiber
Services
While there are local and regional exceptions, the global produc-
tion and consumption of most timber, fuel, and fiber goods over
the last four decades has increased significantly, although the rate
of increase has slowed during the past decade. In the process, the
continents have become more interconnected through interna-
tional trade, the value of which has grown much faster than global
wood products output.

The impacts on forest ecosystems due to this increased pro-
duction are difficult to generalize. In some cases, timber harvest-
ing has directly contributed to degrading and deforesting forest
ecosystems, most recently in tropical areas. This is particularly
true where institutional controls are weak and where destructive
and often illegal logging practices are common. In other situa-
tions, where modern forest technologies and effective governance
occur, forest area and measures of condition are holding steady or
improving in the face of increased production. While many nega-
tive impacts can be seen immediately, the full impacts on forests
(either positive or negative) from particular harvesting practices
may not be evident for many years.

For the near future, total global wood supplies are predicted
to remain adequate for most market demands, if not in surplus.
Increases in demand for forest products in the near future are
likely to be met by increases in supply and are unlikely to create
significant price increases that would create hardship on consum-
ers. That does not apply to premium species or the high-quality
woods that have been overharvested in the past. For the near
future, those will be in short supply and will need to be replaced
by other species or manufactured products or substitutes.

Fuelwood is a special case, largely because it is so important
to the people who depend on it for heating and cooking. It is
produced, harvested, and consumed locally in the regions where
it is a critical factor in family well-being. Local assessments of
fuelwood and its relationship to both ecosystems and communi-
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ties are feasible and needed, as national or regional assessments of
overall fuelwood adequacy mask critical community shortages.

In most parts of the world, changes in the production of the
timber, fuel, and fiber in the near future (10–15 years) will be
caused primarily by political, social, and economic forces rather
than changes in the capacity of ecosystems to produce these ser-
vices. Exceptions may be the capacity of local ecosystems to meet
fuelwood demands in some rural subsistence economies, particu-
larly in Africa, and the reduction in availability of some wildlife
skins and fibers due to population declines. Where institutional
capacity is weak, significant increases in industrial production of
wood or fibers such as cotton can cause adverse impacts on local
environments or disadvantage traditional users who relied on the
ecosystem for food, shelter, medicines, or other nonindustrial
products.

Due to increasing globalization of investments and trade,
some of the more important policy impacts on the supply of forest
products may come in the form of trade or transportation policies;
subsidies or taxes for production, transportation, or manufactur-
ing; economic development; or monetary policy. These policies
are made outside the forestry and agricultural sectors, often for
vastly different reasons of national interest.

The search for a sustainable future involves important chal-
lenges in the provision of timber, fuel, and fiber. Some of those
challenges include:
• the skillful management of planted and natural forests to sup-

ply wood crops, employ local people, and support improve-
ments in literacy, housing, nutrition, and health;

• the application of wise policy decisions that consider industrial
production, environmental quality, and local communities
and are supported by sufficient governance to achieve their
objectives;

• the development and dispersal of science and technology to
improve efficiencies in wood and fiber production and use, to
protect important biodiversity, watershed, and social values,
and to contribute to the alleviation of poverty; and

• reduced pressure on remaining natural forests to provide habi-
tat for wild species and people whose future is threatened by
the loss of those forest types.
These challenges include, but go beyond, science, manage-

ment, technology, and laws. They are fundamental social issues
that each society and nation will have to tackle.

In terms of the assessment made in this chapter, as noted ear-
lier, global generalizations tend to mask local dynamics. Since
policy is made locally, nationally, and regionally, the need to un-
derstand and assess local and regional conditions is a critical pre-
cursor to informed policy-making, and it is hoped that the global
context illustrated here will contribute to those efforts.
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