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Long-Term Changesin the L ocation and
Structure of Forest Industries

1.0 INTRODUCTION

The World Bank/WWF Alliance, in concert with the Council on Foreign Relations is exploring the
hypothesis that more efficient use and increased productivity of forest resources could, by 2050, ensure that
most of the world's needs for industrial forests products could be derived from a comparatively small
proportion of intensively managed global forests.

This background paper examines the structural evolution of the global forest industry, with particular
reference to the key factors likely to affect the long-term spatial distribution. The paper is based on an
initial search of relevant literature. The scopeis necessarily broad, and in the interest of brevity, the
material presented isvery much of an overview nature. Virtualy all of the topics covered merit in-depth
analysis.

2.0 HISTORIC OVERVIEW

2.1 Introduction

The utilization of forest resources has avery long history, and as Mather (1990) has noted, most of the
problems faced in the 20" century are not new. The management, use and control of forests; the shrinkage
of forest resources; scarcity (real or perceived) of wood supply; and ecological damage such as floods and
soil erosion have all been subjects of debate and concern for centuries. Indeed, Britain experienced timber
shortages in the 17" century; nearly every European country has learned that complete denudation of forest
cover without reforestation has profoundly negative social and economic consequences; and as recently as
1920 the United States was consuming almost five times the annual growth of itsforests (Cox et a 1985).

In Mather’ swords, “we can in fact learn from the past”.

2.2 Evolutionary phases and transitions

The utilization of wood and the exploitation of the world’ s forest resources can be broadly characterized by
three sequential phases that flow from the basic evolution of man from “hunter-gatherer” to farmer. The
shift from one phase to the next is accompanied by atransitional period. Theimportance of these
transitions is highlighted by Mather who suggests that the major problems of forest resource use occur at
times of transition. The phases are differentiated by the nature and diversity of goods and services sought
from the forest, the importance given to wood production as a management goal and the legitimacy given
by the public to differing approaches to forest management.

Intheinitial or pre-industrial phase, forests are perceived to be an unlimited resource, both for the wood
itself and for the land, which can be converted to farming. Thereis no obvious need for conservation or
management, and in consequence, the resource-base declines. The industrialization phase typically begins
with an unexploited old-growth forest. Wood is*“mined” and asforest regions are depleted, the
exploitation moves further afield, resulting in spatial shifts of theindustry. Harvest levels exceed growth,
and timber inventories decline. However, harvests that exceed growth, declining inventories and
deforestation do not necessarily lead to unsustainability (Vincent and Binkley 1990). Where an effective
stumpage market operates, rising prices provide an incentive for increased timber growth and more
efficient processing, which together tend to be self-correcting, at least in terms of market values.

Rising pricesindicate scarcity, and can in turn trigger moves to resource conservation as the nature of wood
harvesting shifts from extensive exploitation to varying degrees of intensive forest management. Sedjo
(1993) noted that the world is still largely dependent on natural, old-growth forests rather than “farmed” or



managed forests. Whilethisislesstruein parts of Europe where managed and planted forests have long
been the norm, it is, in Sedjo’ s view, only amatter of time before the transitional stageis reached globally.
That said, it should also be noted that there is alack of uniformity globally, most particularly between
developed and devel oping regions and even within countries.

Mather (1993) suggests that the transition from areliance on old-growth forests to more intensively
managed forest or plantationsis “one clear feature of the present century”. Thistransition has been driven
in Europe by a slowing down of population growth and increasing food crop yields (hence less need for
agricultural land) and the substitution of wood as afuel source by electricity and petroleum products.
These factors, coupled with changing values and perceptions of the forest lead to what Mather (1993)
describes as the “ post-industrial forest.” He points out that thisterm is not synonymous with “multiple
use” but rather it relates to popular perceptions and expectations of planted forests in both private and
public ownership.

Mather contends that the shift to the post-industrial forest will be reflected in differential growth patterns
and a“ southward adjustment” in wood production and processing.

2.3 Two basic models

The history of Forest resource exploitation and development in the Mediterranean Basin and in North
America provides two basic models which can be applied at least in general termsto most regions of the
world. Mather (1990) outlines these historiesin some detail and they are summarized in the paragraphs
following.

2.3.1 The Mediterranean Basin

The Mediterranean experience, beginning with classical Rome and Greece, islargely negative. Forest
utilization featured destructive exploitation on a massive scale, driven by the fuelwood and
grazing/farmland requirements of an increasing population. Despite such pressures, some of the forest
remained, due mainly to a combination of technical (coppicing, sewing, planting and thinning techniques
were applied centuries ago) and organizational ability. In the 19™ century, the introduction of the railway
provided access to previously unexploited forests. Further deforestation occurred, facilitated by weak
institutions and alack of control. Althoughthere has been a partial transition to conservation and improved
utilization efficiency, Mather notes that the M editerranean forest resource model “does not bode well for
the future of the forest world”. He notesthat it also provides a model that has been followed by much of
the developing world in the second half of the 20" century.

2.3.2 The United States

Following the pre-industrial period, the period from the 17" to the 19" century was marked by arapid
depletion of the original forest cover, with fuelwood harvesting and then clearing for agriculture being the
primary causes. The forests seemed vast and inexhaustible. Asone areawas exhausted, timber extraction
moved on from New England, to the Lake States, the South and finally, the Pacific Northwest. By the
1870s, the removal rateswere so high that extrapolation indicated the distinct possibility of atimber famine
by the 20" century. By theturn of the century there was arealization that the forests were finite and unlike
the Mediterranean experience strong political initiatives were taken to correct the situation. Thisresulted in
a spectacular reversal, which was greatly aided by fundamental changes in the nature and magnitude of
wood demand. Fuelwood was largely replaced with other forms of energy, and there was a major reduction
in the volume of timber required for railway construction.

Although sustained yield principles were applied to the management of virgin forests, there was an
inevitable transitional time lag between the cutting of the old-growth and the time when the new forests
would become operative.

2.4 Assessment

The differing histories of the two regions underscores the need for appropriate forest management policies
and practices, underpinned by cooperation between government and industry; an efficient and transparent
stumpage pricing system; and strong control measures to avoid excessive and unsustai nable exploitation.
While the message from the Mediterranean case is bleak, the United States experience demonstrates that
even after severe exploitation, aforest resource can be recovered if timely corrective action istaken. Itis



noteworthy however that the transition from destructive exploitation to a more balanced resource
management system required a century to complete.

3.0 GLOBAL FORESTRY IN THE 1990S. AN OVERVIEW

3.1 Didtribution of forest resour cesand industrial roundwood production
Of thetotal global forest cover of about 4 billion ha, some 2.8 billion ha are classified as “closed forests”.
Of thistotal about 2.2 billion ha are estimated to be of potential as commercial forests. (World Bank 1988).

Forest areas are divided in approximately equal areas between tropical and temperate zones and between
industrialized and developing countries. Forests of the devel oping countries are 90% non-coniferous
whereas the forests of industrialized countries are mainly conifers.

In 1997, world production of roundwood totaled 3.4 billion m3. Of this, fuelwood and charcoal accounted
for 56 percent. The balance of 1.5 billion m3 was used for industrial purposes.

Of thetotal production of industrial roundwood (IRW), two thirds consisted of conifer species, and one-
third non-conifers.

In the global context, thereis poor correlation between the existence of major forested areas and the
production of IRW. As Sedjo (1990) has noted, “most of the world’ s forests are not important industrial
wood suppliers’. About two-thirds of the total resourceislocated in North America, Latin Americaand the
areaof theformer USSR. This concentration is even more pronounced for conifer species, which account
for 40% of the total forest area. About 80% of the world’ s conifer resources are located in North America
and the former USSR. Although non-conifer forests are more broadly distributed, the primary
concentrations are in the southern hemisphere, with Latin America alone having more than 40% of the

total.

3.21RW production

Unlike the distribution of the global forest resource, the pattern of IRW production is heavily skewed to the
industrialized countries of the northern temperate zone, which produce about 80% of the global total (Table
1). Furthermore, this share is heavily concentrated in North America (40%) and Europe (25%).

Table 1. Industrial roundwood production (million m?)

Region 1970 1980 1990 1998 %/yr 1970- o /yr 1970-
1990 1990
Africa 40 51 58 69 2.2 1.2
North/Central 439 489 594 618 1.2 1.5
America
South America 39 86 110 130 4.4 53
Asia 172 233 262 262 1.5 2.1
Oceania 20 28 33 41 2.6 3.7
Europe 268 282 339 296 0.3 1.2
Former USSR 299 278 305 116 (3.3) 0.1
World Total 1,277 1,447 1,701 1,532 0.6 1.4
Source: FAO Data



The production of IRW has increased steadily for most of the post war period. Since 1961, when global
datawere first compiled, production has increased by 50% from about 1.0 billion m3to 1.5 billion m3in
1998. Production reached a pesk of 1.7 billion m3in 1990, reflecting an annua growth rate of 1.8%. In
1991, world production declined to about 1.5 billion m3and has remained at that level throughout the
decade. Thisdiscontinuity is primarily due to the economic dislocation of the former USSR. Whereas
production levels averaged about 300 million m3 during the 1980s, a severe downturn occurred in 1992 and
production levelsin subsequent years have only been about one-third of those recorded in the preceding
decade. Theregion’s share hasfallen from 18 percent of the world total in 1990 to about 6 percent at
present.

Sixty percent of IRW production isin the form of saw and veneer logs. The balance consists of pulpwood
(30%) and poles and posts (10%).

3.3 Consumption
Developed countries, with only 25% of the worlds' population, currently consume about 75% of the IRW
produced globally.

North America, with 39 percent of total consumption, Asia (21 percent) and Europe (20 percent) account
for 80 percent of the world’s IRW consumption. It isimportant to note, however, that since 1990 there has
been amajor reduction in the former USSR, which effectively reduces world total roundwood consumption
by about 12 percent, and thus distorts short-term growth rates.

3.4 Trends
During the past two decades, a number of trends have become evident, each of which has either adirect or
an indirect impact upon the evolution of the distribution of global industrial forestry. In aggregate, these
trends characterize a period of transition, as global forestry movesincreasingly from atotal reliance on old-
growth, natural forest stands to resources based on both reforestation and afforestation in the form of high
yield plantations.
3.4.1 Supply
- Societal attitudes. The public perception of forestsis changing from atacit acceptance of natural
forests as single purpose, industrial resourcesto a perception of forests with amultiplicity of
values.
Policy. Responding to changing attitudes, policy changes are “profoundly affecting timber supply
today” (Apsey & Reed 1996). The overall impact isone of continuing pressure to lower the extent
and rate of harvest from natural forests. Thisis particulary evident in the major conifer producing
regions of Western USA and British Columbia.
High value non-conifers. Increasing pressure on supply as over-cutting in key producing regions
of Indonesia and Malaysia flows through the system.
Plantations. While native forests still dominate global supply, plantation-grown wood is gaining
inimportance and is estimated to account for 17% of total IRW supply (Hagler 1998).
Non-traditional supply sources. High-yielding, fast-growing plantations in the southern
hemisphere are becoming increasingly significant in the global IRW supply mix.
“North-south” shift. The emergence of industrial plantationsin several South American
countries, Oceaniaand Indonesiais having an impact on global wood supply. Although IRW
supply isstill dominated by northern industrialized countries with 90% of thetotal, thereisa
discernable “north-south” shift. Taking the aggregate of South America and Oceania as a proxy
for “the south”, the southern share of IRW production hasincreased from 4.3%in 1961 to 11.2 %
in1997. Not only isthisahigh rate of growth, in absolute terms the increase of 125 million m3
over this period issignificant in that it represents 25% of theincreasein global production over
the same period.
Wood characteristics. With the decreasing availability of old-growth forests as harvest volumes
from old-growth, natural forests are reduced, there is an accompanying reduction in the diameter
and quality of saw and veneer logs.



342  Consumption
Differential growth rates -- regional. Although industrialized countries dominate the consumption
of IRW and wood-based products, accounting for 71% in 1998, this share has steadily declined
from alevel of 87%in 1961. Thisreflectsthe higher population growth rates of developing
countries, many of which have significantly higher consumption growth rates, and the maturing of
sawnwood marketsin industrialized countries. World growth in IRW consumption averaged 1.1%
annually between 1961 and 1998. However, during the same period, consumption growth
averaged 3.2% in developing countries and only 0.6% in devel oped countries.
Differential growth rates—log end-uses. Since 1961, sawnwood consumption has grown at an
average annual rate of 0.6%. During the same period, pulp and paper consumption grew at arate
of 3.6% annually. For the ten years ending 1998, sawnwood consumption declined by an average
of 0.9% annually whereas pulp and paper grew at 2.6%. These product consumption rates are
reflected in the consumption rates for the basic roundwood log classifications (Table 2).
Pulpwood growth is significantly lower than that of paper mainly due to the impact of recycled

paper.
Table2. Global consumption rates—average annual per centage growth
Period IRW Saw/veneer logs Pulpwood
1961-1998 1.1 1.0 19
1961-1991 14 1.2 2.3
1988-1998 (0.9) (0.8) 0.4

The decade of the 1990s saw two major ‘discontinuities’ in the long-term trend lines for wood
consumption. Thevirtual collapse of the resource economy of the former USSR region has been
noted previously. The latter part of the decade included the severe economic downturnin Asia,
which reduced demand for all forest products and disrupted trade (FAO 1999). The combined
effect of these two factorsis reflected in the negative growth rates recorded for the decade ended
1998, which in turn dampened the long-term growth rates, as shownin Table 2.

Hagler (1998) has estimated that manufacturing residuals from sawmills and plywood mills

account for 30% of the global usage of wood fiber for pulp and paper manufacture. While greater
use of manufacturing residualsis anticipated (FAO 1999), the differential growth rates between
paper and sawnwood consumption ratesis significant in that it suggests a shift to the increased use
of roundwood for pul ping in the long-term.

3.4.3 Technology
Historically, technological developments have steadily lowered the unit consumption of wood, with
improvementsin processing efficiency, product design, the use of manufacturing residuals and
recycling al having a significant impact on the volume of wood consumed. Sedjo & Lyon (1990)
concluded that it was reasonabl e to assume, based on long-term trends, an average annual rate of
improved efficiency through technology of between 0.5% and 1.2%. Binkley (1994), in noting that the
rate of technical improvement is difficult to measure, suggested that the trend probably liesin the
range of 1 to 2 %/yr for many wood products manufacturing operations. Both sources point out that
technological improvements reduce the amount of IRW required to produce a given volume of
product The more significant developmentsin recent timesinclude:
Plantation forestry. Advanced technologies are of increasing importance in plantation forestry.
As Kanowski (1997) notes, biotechnology applicationsin the production and propagation of
interspecific hybridsis of particular interest. The optimal integration of biotechnologies with
plantation forestry is program-specific. Yield and quality improvements have been significant in
some instances, and the potential for further improvementsis promising.
Engineered wood products and reconstituted wood panels. The declining availability of large
diameter, old-growth trees has provided an incentive for industry to devel op products more
suitable for smaller diameter and generally lower quality roundwood. This has given riseto
“reconstituted wood” panels, most notably OSB and MDF, which use small particles of wood



mixed with resin. Physical propertiesdesigned to meet specific end-uses are “ engineered” into the
panel giving it superior performance characteristics.

Substitution. Technological adaptations and improvements have enabled the substitution of non-
conifer speciesfor conifersin the fiber furnish of many paper products. Thishasin turn enabled
non-conifer plantation wood to gain in significance as a pulping fiber.

Wood products processing. Much progress has been made in the ability to process smaller
diameter logs for both sawnwood and plywood. These developments ease the transition from
larger logs to smaller logs, which iscommon in most supply regions. In fact, the traditional
“definitions” of log categories is becoming increasingly blurred (Hagler 1997). The ability to
process smaller diameter logs greatly facilitates the transition to plantation wood.

Recycled paper. Whilethe recycling of paper is along-standing practice, the sharp increasein the
past few decades has been dramatic. In 1970, the global utilization rate was 18%; by 1988 this had
increased to 32% and therate is currently in excess of 40%. Thistrend has had amajor impact on
the volume of wood fiber required for paper manufacture.

Pulping. There has been a steady evolution of the basic pulping processes, resulting in reduced
emissions and reduction of unit consumption levels for wood fiber, energy and, in the case of
chemical pulp, water. These developments ease the constraints on mill location (i.e. less water

and external energy required) giving the potential for capacity developmentsin previously
unworkable locations.

3.4.3Industry structure

The forest productsindustry globally is noted for its high degree of fragmentation. Itis
characterized by alarge number of players, none of whom has dominance either regionally or by
product group. The degree of fragmentation varies by product group and by region and isdriven
by processing technologies, scale economies and access to wood supply and markets.

Sawmilling isamajor consumer of IRW in al countrieswith acommercial forestry resource.
Sawnwood manufacture at its most basic level isasimple process and not capital intensive.
Consequently, it has traditionally been an “easy entry” activity. Thishasled to aproliferation of
small mills and companies, particulary in the developing world. For example, Argentinais
estimated to have about 3,000 sawmillswith an average wood input of about 1,000m2 annually
(CINTRAFOR). Similar patterns are found throughout Latin Americaand Asia. These small
mills, which tend to be very inefficient users of IRW, are usually located near the forest resources,
and serve local markets. By contrast, in industrialized countries sawmilling has evolved into a
sophisticated and highly efficient processing industry. Mill outputs vary greatly, ranging from
relatively small mills with wood requirements in the order of 100,000m3 annually to mills
consuming several times thisvolume.

Thereisamuch greater degree of concentration within the pulp and paper sector, which is capital
intensive and constrained in terms of flexibility with respect to scale by the nature of the basic
processes. Technical and economic factors dictate that chemical pulping, the dominant process
globally, be sized to consume in the order of one to two million (or more) m? of wood fiber
annually. These criteriaapply regardless of operating region. Thus, for example, Brazil and
Indonesia have some of the world’ s largest pulp mills.

There isamarked trend to corporate concentration. In 1997, the top 100 companies processed
50% of theworld’sIRW. However, within this grouping, the top 10 companies consumed 20%

of the world total (WWF 1999). By contrast, in the late 1970s the leading 20 companies

accounted for about 20%. Thistrend isdriven by the needto improvefinancia performance
through scale economies and rationalization. Asacommodity oriented business, forestry
operations areincreasingly seek to position themselves as low-cost producers. Since wood cost is
akey factor in the manufacture of basic forest products such as sawnwood and pulp (typically in
the range of 40 to 60% of operating costs), there isan increasing interest in identifying those
strategic directions that will result in relatively low wood costs.



OVERVIEW OF KEY PRODUCING REGIONS

1.1 Introduction. In order to develop an appreciation of the outlook for the supply/demand bal ance of
IRW globally, it isimportant to attempt to understand:
The extent to which the main producing regions can maintain and/or expand their output and,
The extent to which those regions that appear to have significant under-utilization of their
industrial forests can reasonably be expected to realize their apparent potential.

Each of the main producing regionsisreviewed briefly in the following paragraphs. It is emphasized that
the scope of thisdiscussion isvery large, and only abrief synopsis for each of the key regionsis given here.

1.2 North America. Theworld s most important wood supply region, with more than one-third

of global output, islikely to maintain its dominant position in the foreseeable future. However, the entire
region isin the throes of amajor wood supply transition, precipitated by the combined effect of harvest
levels reaching — or exceeding— sustainable levelsin the West, and of increasingly intensive environmental
and land-use pressures throughout the region. While thereis some limited scope for the expansion of
harvest levels from natural forestsin some areas, particularly of non-coniferous species, harvesting costs
and environmental pressures are constraining factors. On balance, the outlook for the natural forest from
the stand point of IRW is one of a static or even declining production forest area.

Themain potential for significant expansion of theindustrial forest liesin the development of fast growing
plantations in the southern United States region, which has been described by Zobel (1984) as the “wood
basket of the world”. The net annual increment for the southern US has recently been estimated to bein the
order of 270 million m3. Current harvest levels represent about 40% of the North American total, and 15%

of theworld total. However, the ability to exploit the full potential is problematic. Conifer harvests exceed
growth, private landowners are only partially interested in growing timber of industrial use and
environmental constraints are increasing (Cubbage 1997). AsHanson (1999) has noted, in the absence of
improved forest management in the region, the harvest level from the south islikely to be flat or even
decline, and log quality will deteriorate.

Canada’ s IRW production accounts for 30% of the North American total, or 10% of the total world harvest.
Unlikethe US, the bulk of the resourceisstill in old-growth stands. In the west, two thirds of British
Columbia’ sforests are mature stands of old-growth. During the past two decades, the annual allowable cut
has bee reduced from 90 million m3 to 72 million m3 with the likelihood of further decreasesin the near
future.

Compounding the difficulties resulting from inadequate regeneration and a constrained output relative to
the limitations of sustainable growth, the Canadian industry, particularly in British Columbia, isfacing
continuing pressure from environmental groups. These pressureshave already resulted in significant
reductionsin commercial forest concessions and are a manifestation of the mounting debate with respect to
the broader definitions of the economic and social value of forests generally.

Overall, the prospect for North Americais one of increasing tightnessin IRW supply, despite a theoretical
surplus of annual increment to production levels.

1.3 Europe. Although forest growth presently exceeds removals, Europe, including

Eastern European and Nordic countries, but excluding the former USSR, isthe world' s second largest IRW
producing region. Of the total industrial output of 300 million m3, one third isfrom the Nordic countries,
12% from Germany and 10% from France.

Asaregion, Europeis presently in asurplus wood position, with annual growth outstripping supply.
However, although growth still exceeds removals, the potential for continued expansion is limited and
exacerbated by the impact of air pollutants and a reduced emphasis on production forests in favor of
multiple-use forest management (11ASA 1991).



Apsey and Reed (1995) concluded that the combined IRW production in Western and Eastern Europe
would increase at an effective annual rate of 0.6% to 2020.

On balance, while European wood supply is presently in a surplus position, the expectation is that further
increases in available wood harvest will be relatively modest. The long-term outlook is one of increasing
pressure on the existing forest base in supplying the region’ s industrial wood requirements.

Former USSR

The forest resources of thisregion are vast, accounting for 25% of the world’ s exploitable closed forest
area and more than 55% of the growing stock of conifer species. Giventhe region’slarge population, its
large surplus of conifers, and its geographic proximity to Europe and Japan— two of the world’s major
wood consuming regions— it is not surprising that it is considered by many to be akey factor in the global
supply/demand balance of IRW.

The huge forest resource and an estimated surplus more far in excess of present production levels do not
ensure a commensurate increase in production. The main body of the forest resourceis not well located
relative to the principal consuming regions and there are many technical, environmental and economic
constraints to be overcome before significant increases to present harvest levels could be realized. In
actuality, that portion of the region’ s forest resource which iswithin reasonable accessto the main
population centers has been over-cut, and ext ensive plantations have been developed to help redress the
resultant supply-demand imbalance.

The llASA research team of Nilsson and Shvidenko (1998) state that Russian forestry has essentially
followed a“mining” approach. Theteam notes “the quality of Russian forests was seriously impoverished
between 1961 and 1993 with a decrease in the extent of valuable tree species, decreased tree sizes, and
regional over-harvesting”.

Nilsson and Shvidenko estimate the economic sustainable supply of IRW to bein the range of 160 to 290
million m3, based on a stable harvest over the long-term. They note, however, that a more rapid liquidation
of mature forests could add annual volumes in the order of 90 million m3 over the next 40 years. The
restructuring of the region’sforest industry will be difficult and costly, and require foreign invol vement.

Japan

Japanisamajor factor in the forest industry internationally, ranking in the top three countries in terms of
consumption of forest products, and is also one of the world' sleading producers. Although nearly two-
thirds of the country’ sland surface is forested, of which about 40% isin plantations, Japanis not self-
sufficient in IRW production. Although Japan’s resource base is sufficient to support an increase in the
country’s self-sufficiency level, this potential will continue to be seriously constrained due to the high
wood costs resulting from fragmented ownership, scarce and costly labor, difficult terrain, and mounting
environmental and land-use pressures.

Japan provides a good example of the gap which can exist between potential physical levels of IRW harvest
and those which are socially and economically viable. The country islikely to continue to be a major
importer of fiber in the foreseeable future.

Chinaand India

China’ s IRW production is currently about 110 million m3, or 40% of the Asian total and five timesthat of
Japan. Wood harvest levels have increased significantly in recent years, having grown steadily from 35
million mdin 1961-an annual growth rate about three times the global average for the same period. This
growth rate is unsustainable, and there has been aleveling off during the 1990s. A growing timber
shortage over the next several decadesis expected by CINTRAFOR (1999).

Plantations offer the only opportunity China hasto significantly increase its wood production over the long-
term. Evenif current planning targets were to be met, the fact that climatic conditionsin most of the
country are unsuitable for fast-growing plantations means that there will be increasing pressure on the



existing supply base for several decades at least. Much will depend on the survival rates and actual yields
of the planting program.

With an annual IRW output in the order of only 25 million m? (not much greater than New Zealand's),
India s situation is one of extreme scarcity. Asin the case of China, the country’s IRW production can
only be improved through planting programs. Given that the combined population of Indiaand Chinais
about 40% of the world total, only massive planting programs could have any significant impact on the per
capitalevelsin both countries.

Malaysiaand Indonesia

Indonesiaand Malaysia have long been the dominant suppliers of tropical logs and products. However, as
noted by Jaakko Poyry (1997) and others, the IRW output of these countriesis expected to decline
dramatically. Both have announced harvest reductions which in aggregate total 45 millionm3 (ITTO

1996). Inan analysis of the supply situation in both countries, Blakeny (1997) notes that land conversionis
the biggest threat to sustainable forestry. Large areas are being converted to agriculture in both countries,
which isreducing the land base for production forestry. Furthermore, past harvesting has reduced growing
stocks of commercial tree speciesin the remaining native forests, resulting in the prospect of continuing
declinein harvests. Blakeney notes that for both countries combined, the 1996 harvest of native species
was 66 million m3, Asthe sustainable total harvest is estimated to be only 35 million m3, areduction of
about 30 million m? is projected by 2010. These declineswill not be offset by short-rotation pulpwood
plantations, which cannot substitute for high-value saw and veneer logs. Long-rotation plantations of
native forests will not have significant impact early enough to offset declines.

Oceania

With an IRW output of about 40 million m3, Oceania accounts for only 2.5% of the world total. Ninety
percent of the region’s output comes from Australia (20 million m3) and New Zealand (16 million m3).

Both countries have a surplus of IRW (about 15 million m3) that is expected to increase over time as
plantations continue to mature. While Australia’ s IRW output has been about evenly divided between
native and plantation forests, New Zealand is 95% dependent on plantations. Australia has announced an
ambitious plantation development plan, adding two million hato its existing base of about one million ha
by 2020. New Zealand has large volumes of maturing plantation wood coming on stream during the next
decade, and continues to add to its plantation area.

South America

Despite having 25% of the world' s area of closed “commercial” forest, South America s 1997 output of
IRW at 130 million m3 was only 8% of the world total. Brazil dominates, accounting for 65% of the
region’stotal IRW output, followed by Chile with 15%. The remaining 20% is spread between 11
countries.

Since 1961, South America’s IRW production has grown at an average annual rate of 4.2%. Thislong-
term rateis heavily weighted by exceptionally high growth during the 1970’ s, when the average rate was
8.2%. Inthe 1980s, the rate declined to 2.3% and the 1990s have averaged only 1.7% growth to 1998.

Brazil and Chile together accounted for almost 80% of South American growth in IRW production since
1980, with Brazil supplying over half thetotal.

About one third of South America sland areaisforested, resulting in a huge surplus of growth relative to
harvest levels. However, the theoretical surplus bears little relationship to the practical realties, which
derive from social, technical, and economic considerations. The remaining native forest, located mainly in
the Amazon basin, isremote and extremely heterogeneous. These technical and economic constraints are
increasingly likely to be secondary to the continuing domestic and international pressure to conservethe
tropical forests and to avoid land-use conflicts arising from industrialization.

In terms of future prospects, the defining characteristic of South American forestry is the established base
of high-yield plantations and the potential for further increasesto this base. Since 1986, Brazil’s IRW
harvest from native forests has declined by about 50 million m3. During the same period, the volume of



wood harvested from plantations increased by more than 60 million m3. Since the discontinuance of
Brazils' plantation subsidy program in the mid-1980s, plantation establishment rates have fallen off. The
supply of Brazilian saw and veneer logs will come under increasing pressure in the medium to long-term.
Analysis by both Donnelly (1996) and Tomaselli (1997) suggests that the Brazilian plantation systemis
closeto its effective limit relative to “treesinthe ground”. The Brazilian Society of Silviculture (cited in a
1997 ITTO report) has estimated that an additional 500,000 ha/yr of plantations are required to support the
potential expansion of the country’ sindustrial sector.

Chile has developed a major plantation resource. Begun in 1940, the plantation estate is now about 1.5
million ha. Current IRW production isin the order of 20 million m?3 or about the same as Australia’ s and
about 25% greater than New Zealand's. Withitsrelatively small population, Chileisin astrong surplus
position and islikely to remain so. This has enabled the development of a strong processing and export
sector.

In recent years, Argentina and Uruguay have experienced strong growth in the development of fast-
growing IRW plantations. With their relatively small domestic markets, both countrieswill have
increasing opportunities for export.

In discussing the South American IRW supply region Tomaselli (1997) notes, “the rate of expansion of
forest plantations in the region tends to be lower that the growth in demand for wood fiber, and as aresult
prices are expected to increase in the region”. He also makes the point that “paradoxically, land avail ability
can be alimitation in quite a number of the countriesin the region”.

Africa

Although the African continent has a significant theoretical surplus of net annual growth to productionin
native forests, this does not translate into arealistic potential for significant expansion over the long-term.
South Africaisthe leading African producer of IRW with a current output, based almost entirely on
plantations, similar to that of Chile and New Zealand. Although South Africa s fast-growing plantations
are among the most successful in the world, further expansion is hampered by the availability of suitable
land.

Thereisbiological potential for substantive development of IRW plantations in many other African
countries, several of which have long-standing plantiong programs. In the past, development has been
constrained by avariety of factors, including political instability, inadequate infrastructure, lack of capital,
skill shortages, land-use conflicts and access to markets. While many, if not all, of these constraints canin
theory be removed, the time required to realize such atransition isindeterminate.

GLOBAL SUPPLY /DEMAND BALANCE

Theworld' sforest industry is becoming increasingly global. While international trade has played an
important role throughout its history, the industry is currently undergoing atransition which isincreasing
the importance of trade, and at the same time, shifting the traditional patterns of trade.

New supply regions such as Chile and New Zealand are becoming increasingly important suppliers to many
countries as their plantation resources reach maturity. Scandinavia, alongtime traditional supplier of
European markets, now has a surplus of wood and is able to competitively ship manufactured products to
Japan in direct competition with British Columbiaand the Pacific Northwest of the United States.

Plantation wood is expected to play an increasingly important role in the domestic supply of many
countries, and as a new supply source for deficit wood-supply regions. At the same time, wood availability
from many traditionally imp ortant regions either has reached its limit or isin decline--asis the case for
conifers from British Columbiaand tropical non-conifers from Indonesiaand Malaysia.

Thereis an increasing interdependence of regionsin surplus and those with adeficit. Product pricesare
increasingly set by international benchmarks, and few if any regions can function in isolation.
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Review of recent global supply-demand outlook studies

There has been a mounting concern, in both the public and private sectors, regarding the ability of the
global forest resource to meet long-term demand requirements. This concern has resulted in several studies
and papers by many of the world’ s leading forest economists. This section of the report presents brief
reviews of the salient points of the most prominent and current of these reports.

1. World Timber Resources Outlook--Current Perceptions. Apsey and Reed (1995)

After analyzing the supply potential in 33 countries the authors then aggregated the supply projections and
compared these against the projected demand for industrial roundwood. The result of this analysis showed
alarge and widening “gap” between supply and demand to the year 2020.

The authors conclude that their analysis foreshadows “local and regional timber deficitsof serious
proportions’. Volume shortages alone do not disclose what may be amajor loss of high quality saw and
veneer logs, sharply higher roundwood prices, and important shiftsin regional shares of the global market.

2. Monitoring the Global Wood Fiber Equation. Seminar by Wood Resour ces International Ltd. (1997)
The principal findings were:
- Global timber supply, while projected to increase, will not keep pace with demand growth over the
forecast period 1995-2030.
The most significant increases in supply will bein Latin Americaand Asia.
Plantations will increase in importance as afiber source, increasing from about 17% to
approximately 340% by 2030.

3. Solidwood Products Competitiveness Report. A study for the American Forest Products Association by
Jaakko Poyry (1996).

The study concluded that continued popul ation growth, increasing per capita fiber consumption, and the
mounting pressures for alternative land values from timber lands globally will lead to fiber supply and
demand discontinuities, despite an increasing role for plantation wood. Major changes will be needed to
meet future demand. Increased harvesting in Western and Eastern Europe, the Nordic countries and from
Southern hemisphere plantations will make up expected shortfalls.

4 Long-termtrends and prospects in world supply and demand for wood and implications for sustainable
forest management. Solberg, Brooks, Pajuoja, Peck and Wardle. (1996)

The study noted that while the long-term outlook isfor steadily rising demand for wood and the services of
forests, there is an accompanying expectation of adeclining area of forest available for these products and
services. As pressure on supply mounts, product prices will increase, resulting in an increasing intensity of
forest management (as also predicted by Sedjo, Jaakko Poyry and others). While the outlook for demand
and supply of wood does not suggest acrisis, it does indicate that active management of forests globally is
anecessary development.

5. FAO
(a) State of the World' s Forests. (1997) And (1999)
(b) Provisional Outlook for Global Forest Products Consumption, Production and Trade to 2010
(1997)
(c) Global Fiber Supply- (1999)
(d) The Potential Role of forest Plantations in Meeting Future Demands for Industrial Wood
Products. Whiteman and Brown (1999)

Whiteman and Brown report on the output of the FAO supply and demand models and the forecasts to the
year 2010. The authors have extended, with some caveats, the forecasting models out to 2050 in order to
examinethe likely contribution that IRW plantations might make to global supply over the long-term. They
conclude that forest plantations will account for about one third of IRW supply by 2010 and will continue
to increase their relative position depending upon establishment rates. Three planting rate scenarios are
postulated. Therange of potentia supply form plantations by 2050 is broad, from 600 million m3to 1.4
billion m3, underscoring the importance of planting rates to projections of future supply.
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6. The Long term Adequacy of World Wood Supply-- Sedjo and Lyon. (1990 and 1996 for 11ED)
In 1990, Sedjo and Lyon published the results of an interactive global timber supply model. 1n 1995, the
model and its database were updated to assist I1ED in its examination of global pulpwood supply.
The model output suggests that future demand (for the projection period to 2045) could be met, subject to
the following conditions:

15 million hectares of new tree plantations established in the southern hemisphere,

no constraints imposed on the supply system beyond those already in place,

demand growth averages one percent annually.

Thetotal production of industrial wood is projected to increaseto 2.3 billion m3in 2045. Pricesincreasein
real terms over the period, signifying a“tightness’ in supply.

7. Do We Have enough Forests? Nilsson (1996).
In analyzing timber supply, Nilsson concluded that:
“All signsindicate that we do not have enough forests on the globe to fulfill al the current and
future demands on global forests. There may not be a physical shortage of forests, but the
different kinds of demands will be difficult to meet.”
Two regionswill hold the key to the balance of industrial roundwood. He contends that southern
hemisphere plantations are “ crucial to balancing the global supply of non-coniferous fibers’, but that many
guestions remain regarding the outlook for these plantations. Russia holds the key to long-term conifer
supply, however thereis still much uncertainty as to when - and whether - the country will be able to
develop its enormous resource base.

8. H. A. Smons -- Global Timber Supply and Demand to 2020. (1994).

The Simons report predicted that throughout the forecast period (to 2020) global demand for industrial
roundwood will exceed the available supply. Thefirst supply deficitswill to occur in non-conifer saw logs
at the outset of the 21% century, initially in Asiaand Latin America. In order to alleviate theimpending
supply pressure in saw logs, the existing plantation base would have to be larger than the actual area at the
time the projections were made. Although the market islikely to respond with increased plantation
investment, the longer growth period for saw logs will delay the effective supply response time

9. Journal Articles - Various
Several papers addressing global fiber supply have been published in professional journalsin recent years.

Lyle and Brooks (1995) of the US Forest Service forecast a scarcity of preferred species (especially non-
conifers) and large, high-grade logs.

In assessing the future of fiber in “tomorrow’ sworld”, McNutt and Rennel (1997) point out that except for
new fast-growing plantations, the trees needed to meet virgin fire demands for all forest productsto 2010
and beyond are already growing. They conclude that although in global terms there will not be along-term
fiber shortage, supplies will tighten within and across regions- particularly for boreal conifers and native
non-conifers, and for large dimension logs of all species.

Inan earlier article, McNutt (1996) concluded that neither moderate nor aggressive projections for supply
increase come close to matching anticipated demand.

McNutt states that the emerging role of plantations as afiber supply source requires careful examination.
He concludes that while the yield from fast-growing plantations will meet a portion of predicted future
roundwood requirements, the volumes available will not overcome the long-term worldwide timber
supply/demand discontinuities.

In a paper titled “ Adapting to global supply constraints--or: timber famine and six reasons why it won't
occur”, Binkley (1994) suggests that the inevitable increases in population and wood consumption, against
an acknowledged decline in traditional timber supply, will result in price increases. He believesthat the
physical depletion of timber, conversion of forest land to other uses and environmental restrictions on
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timber harvesting in the remaining forested areas will limit further timber supply from regions that have
traditionally produced much of the world’ stimber. Fast-growing plantations established in the low and
middle latitudes will not fully offset the reductionsin timber harvest in the traditional supply regions.
However, rising demand and limited supply will induce a variety of adaptive responses. Inthelonger run,
higher timber priceswill provoke new plantations and more intensive timber management.

Consensus

Several common themes are evident in the preceding studies and papers.
All sources are unequivocal in predicting the continuing growth in wood products consumption,
and of industrial roundwood production to support thisincrease. Whilethereisafairly widerange
of projected average annual growth rates, the mainstream range isinthe order of 1.0to 1.5
percent.
Demand growth will not be evenly distributed across regions and nations. While the developed
world will continue to consume the bulk of wood products and roundwood, growth rates will be
relatively modest, reflecting maturing markets. Conversely, developing economies are expected to
show the highest consumption growth rates for all basic product groups.
Supply of timber from traditional sourceswill be constrained, relative to biological potential, in
most regions. Thereasons for this cover abroad spectrum: past over-cutting (relative to
sustainable volumes) in countries such as Indonesia, Malaysia and Canada; environmental
pressures resulting in altered harvesting practices and forest area set-asides; competing land-use
pressures; urbanization; lack of infrastructure in remote regions; and the inability to achieve
acceptabl e economic returns within the range of prices experienced to date.
The supply of large diameter logs of qualities suitable for saw and veneer logswill continue to
decline.
Pricesfor industrial roundwood will increase, in real terms, over the long-term, reflecting a
relative scarcity of material.
All forecasts and predictions for future supply explicitly assume continuing investment in fast-
growth plantations and intensive forest management for second-growth natural forests. The extent
to which either of these enhancements to the global wood supply base can be implemented in a
timely and effective manner is not well addressed.
Several sourcesreferred to the expectation of increased international trade in products and
roundwood, as regional imbalances becomeincreasingly severe.
Thereisarange of outlooks with respect to the long-term supply -demand balance of industrial
roundwood. The more pessimistic of these foresee the devel opment of increasingly severe
pressure on supply, with the prospect of “gaps’ of supply relative to projected demand. The more
optimistic outlooks foresee supply meeting demand globally, but with regional imbal ances.

Data inadeguacies

Most of the authors of the preceding works decried the inadequacy of datawith respect to supply. In

particular:
- Inventories of standing timber are either incomplete or unreliable in many regions.

Information relating to plantationsis also weak. The actual annual rate of plantation

establishment, particularly in terms of net planted area by species, yield category, end-use type

and region is not well established.

The extent to which intensive forest management is actually being successfully practiced in

second growth natural forestsis not well documented.

Assessment

The overall long-term global outlook is for increasing demand against atightening (at best) supply
capability, and increasing prices. Regional discontinuitieswill be magnified, reflecting growing deficitsin
some regions and potential surplusesin others, thus leading to increased international trade. Therewill bea
decrease in the global supply of large saw logs and veneer logs, and log quality will also decline. Thereisa
strong consensus of expert opinion that the southern hemisphere will play an increasingly important rolein
the global supply of industrial wood. In order to meet projected global wood requirements in the face of
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constrained suppliesin many of the traditional supplying regions, there will need to be a continuing
investment in new plantations.

6.0 STRUCTURAL CHANGE IN THE LONG - TERM

6.1 Introduction

History has shown that the evolution of forestry has been marked by periods of transition, and that such
periods have often experienced major problems of forest resource management and use. The evidence at
hand suggests that global forestry is presently undergoing atransition, albeit at different stagesregionally.
Thetrendsin supply signal alessening reliance on old-growth natural foreststo wood supplied from
intensively managed resources based on reforestation and afforestation. In particular, thereis asignificant
move to high yield IRW plantations in the southern hemisphere.

While the pace of change during the next 50 yearsis unlikely to diminish, it isimpossible to predict with
any certainty the nature of theindustry by 2050. One hasonly to recall the major changes that have
occurred in North America alone during the past 50 yearsto invoke the cliché “the only certainty is
uncertainty”.

That said there are some indications of the likely direction of change and of the underlying forces. The
more important of these will be briefly reviewed in the following section. It is stressed that the overall
global situation isone of great complexity, with regional differences and linkages.

6.2 Thewood requirement

Assumed demand. The project team has reviewed the various long-term projections of IRW consumption,
and to establish acommon reference point has assumed that world consumption in the year 2050 will be 2.5
billion m3. Thisimplies an average annual growth rate of about one percent, which is consistent with the
long-term historic trend. Clearly, thisisacritical assumption as small variationsin the assumed annual
growth rate translate into very significant absolute numbers 50 yearson. Thus, for example, arate of 1.3%
would result in an increment of 800 million m3 over the assumed * base case’ consumption for the year

2050. If nothing else, such sensitivity suggests the need for great flexibility in long range planning.

Volumeincrement. Given the current usage level of 1.5 billion m3, the indicated annual IRW supply
increment by 2050 is about one billion m3. If the long-term (1961-1998) growth rates of log classifications
by major end-use category were to hold over time, thisincremental requirement would comprise
approximately 1.3 billion m3 of saw and veneer logs, 1.0 billion m2 of pulp logs wood and 200,000 million

m?3 of logs for other uses. While these numbers can only be taken as being broadly indicative of the long-
term situation were past trends to continue, they do underscore the continued, if relatively lessened,
importance of saw and veneer logsin the overall mix. This hasimportant implications for IRW supply
scenarios, given the current declinein saw log material from traditional supply sources, the longer rotation
age requirement for plantation-grown saw logs compared to pul pwood and the focus on pulpwood in major
plantation developmentsin recent years.

6.3 Technology

Importance. Technological developments have been akey factor in determining the volume and

characteristics of global IRW consumption and production, as outlined in an earlier section. Whilethereis

no reason to doubt the likelihood of further improvements over the next 50 years, it isimpossible to be
specific asto therate or extent of change.

Evolutionary development.: A continuation of trends already in placeislikely in the following areas:
-Upstream: yield and quality improvements, the application of intensive management techniques
to high value hardwoods, the adaptation of plantation grown species (such as eucalyptus) for high-
value saw and veneer logs
Downstream: New techniques for processing small diameter logs into wood products, further
substitution of non-conifer speciesfor conifers, development of composite products, improved
processing efficiencies for all products.

14



Breakthrough technologies. Over the course of fifty years, there is areasonabl e probability that one or
more major breakthroughs will be discovered. Although efforts have been made for many years to develop
an alternative for the capital intensive and scale-sensitive chemical pulping process, it is still dominant,
accounting for about 70% of all pulp manufacture. High-yield mechanical pulping, which uses roughly
half the wood fiber per ton of pulp, provides an indication of the potential scope for significant impact
although it islimited asto end-use applications. To date, thereis no indication of any realistic replacement
for the chemical pulping process, and any major change islikely to occur nearer the latter part of the
planning period and thus have a minimal impact on overall wood consumption volumes.

Technologies which enable the utilization of small logs for wood products rely on adhesives. Since
conventional adhesives are derivatives of petroleum products, they are likely to face increasing costs over
thelong-term. Much research has been doneto utilize the tree’ snatural “binder” (lignin). The science
involved is complex and commercially viable developments, if any, will probably require many more years
of research.

6.4 Forest management

At the outset of this paper, Mather (1993) was cited in describing the transition form old-growth forests to
more intensely managed forests as a defining feature of the 20" century. He also noted that major problems
of forest resource use occur at times of transition. Mather’ s cautionary observation resonatesin the
differing views with respect to appropriate approaches to forest management. This debate iswell captured
in papers by Binkley (1997) and Oliver (1999) and the issues go to the heart of the global vision

hypothesis.

Oliver identifies agradient of forest management approaches form capital-intensive plantations to
unmanaged and unharvested forests. Four approaches are described,

-intensive plantations,

-integrated management,

-incidental harvest,

-reserves.
Oliver notes that acommon proposal is to zone areas to plantations, integrated management and reserves.
Heiscritical of intensive plantations, which seek to achieve high yields for a specific end-use application,
and are bases usually on mechanization and what he refers to as mass production. According to Oliver,
forest management is presently moving in several directions, with some policies encouraging intensive
plantations and others encouraging integrated management. He contends that governments will either
prohibit harvest of most of the world’ s forests and adopt intensive plantations on the remaining area, or
“promote integrated management through incentives and/or restrictions.” Oliver isadamant that unless a
clear and consistent policy emerges there could be “confusion in forest management that could last for
years’.

In Oliver’sview, there are two main problems with intensive plantations-high early investment costs and
short-rotation, low quality wood. Alternatively, stands could be allowed to develop in avariety of natural
patterns, but applied with avariety of silvicultural treatments. A more diverse mixture of wood qualities
and species would be provided, with greater flexibility with respect to harvest timing. In addressing the
global situation, Oliver compares the two approaches as follows:

Intensively managed plantations can provide 10 to 40 m3/halyear of wood volume-ten to forty
times the world’ s annual consumption per hectare. Even more moderate increases in growth of
some forests through management could dramatically exceed the world’ s current wood
consumption. For example, intensive plantations providing 12.5 m3/halyear could provide the
world’s current wood consumption by growing low quality wood on 8% of the world’ s forestland.
These intensively managed forests would be in highly productive, accessible areas such asthe
tropics, the southeastern United States, and southeastern Asia.

Alternatively, forests could be managed through integrated management. 1f this management
grew at 6 m3/halyear of total wood, the world’s current consumption in low quality wood and an
egual amount of high quality wood could be provided by managing 33% of the current forest area
through a combination of thinnings and final harvest.
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Oliver does not favor the allocation of forestsinto zones, claiming that it would be socially and politically
difficult, if not impossible, to displace traditionally wood-producing economic sectors for parts of the
world to be zoned asreserves.

An opposing view is presented by Binkley (1997) who makes the case for preserving nature through
intensive plantations. He proposes zoning and intensively managed plantations, using the case of British
Columbiaas abasisfor hisargument. He claimsthat by applying more intensive forest management
practicesto 17 million hain British Columbia (about 18% of the total land area) yields could be increased

by afactor of two or three over those available in unmanaged natural stands. Through apolicy of zoning
and intensive, dominant-use management, British Columbia “ could devote three quarters of the province to
sustai ning non-timber values of the forest.” In his critique of approaches other than zoning and intensively
managed plantations, Binkley states that they are based on the assumption that forestland is abundant. He
notes that thisis not the case, even in British Columbiawith its vast areas of forested land.

The resolution of these differing approaches will not be easy, particularly asthey likely to vary not only
between countries but also within regionsin some countries. There appearsto be alack of hard data and
comprehensive analysis, with much of the present support for differing approaches based on anecdotal
evidence. Overlaying the technical and economic complexitiesisthe attitude of the general public to forest
resource use and management.

6.5 Expansion potential -traditional supply sources

For purposes of this discussion, non-traditional supply areas are taken to be those which have established
short-rotation, high-yield plantations, or that areawhich in aggregate Sedjo and Lyon (1990) refer to as
“the emerging region”. Traditional supply sources are assumed to include all other areas. In this context
the southern USis considered a“traditional” supply source.

In the context of the required global volume increment over the 50-year period under consideration, the
earlier review of supply regions and supply-demand balance suggests that thereis very limited scope for
significant increases from the traditional supply sources, with the possible exception of:

Russia

The southern United States

Temperate-zone intensive management.

Russia. With anet annual growth of nearly 1 billion m3 (Nilsson and Shvidenko-I1ASA 1998) and a

current production leveling the order of only 100 millionm3, Russiais an enigma. Much of the potential
cannot be realized for the reasons noted earlier. According to the IIASA research team, Russia s IRW
annual harvest has an actual potential to reach a maximum of between 250 and 380 m2 during the first half

of the 21% century. This estimate includes an assumed 90 million m3 annually from the accelerated
liquidation of a portion of the country’ s over-mature forests. The extent to which Russia’ s potential will be
reached is problematic, at least in the mediumterm. As Nilsson and Shvidenko point out, the country faces
adilemma. Although external investment isrequired, the international forest industry is hesitant to become
involved in Russia because of the negative investment environment.

Southern USA.

Previous reference has been made to the importance of the southern US as awood supply region. ItsIRW
production, of about 250 million m3, exceedsthat of all countiesin theworld, and isin the order of the total
output of both Asiaand Europe. The region isthe major supplier to the largest consuming market in the
world. Clearly, any significant changesin the productive capacity of the southern US can be expected to
have a major impact on the global dynamics of IRW supply. During the past decade, the region has proven
capable of absorbing the production lossesin the PNW. The key question is whether the southern US can
be expanded sufficiently to accommodate future demand growth. From the literature, it appears that the
answer isaconditional “yes’. Most observers agree that the region has tremendous potential for increased
harvest levels through the application of intensive forest management to the southern pine plantations.
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Kellison (1998) points out that the growth rates achieved from the extensive silvicultural system found in
the southern pine region average about 7 m3/halyr and 15 m3/halyr for non-conifers. He statesthat “agreat
opportunity exists to intensively manage domestic forests on a portion of theland. Tripling productivityis
astretch goal however field trials give confidence that goal can be attained, with yields of 22 m3 indicated
compared to the average yield of 7 on the 11.2 million ha of plantationsin the south”. The USDA Forest
Service, reporting on the results of its model of timber markets and supply (Aliget al 1999), states that
“private timberlandsin the USA have the biological potential to provide larger quantities of timber on a
sustainable basis than they do today”, noting that most opportunities for increase lie with the private non-
industrial timberlands in the South. Other sources echo similar views with respect to the potential.

Given the evidence of tremendous biological potential, it is somewhat of an anomaly to encounter a
generally negative cast in most of the literature. AsKellison notesin speaking of the US South, “thereis
concern that demand will exceed supply, and that atimber famine will occur shortly after the turn of the
century” . The reason for the general concern lies with the nature of land ownership in the South. The
allocation of land and the condition and management of forestsin the South is determined by the decisions
of awide variety of landowners who have awide range of objectives and approachesto forest management.
(Wear 1996). Intotal, theregion’sland is 90% privately owned, and of this portion, industry owns only
22%.

Particularly pessimistic outlooks are given by Cubbage (1997) and Colberg (1996). Cubbageis skeptical
about the region’ s capability to achieve and maintain projected increases in timber supply. He states that
“several studies have shown that in total, various demographic, physiographic, and environmental factors
could reduce the actual hardwood timber that is available by one-third to one-half and softwood timber by
10% to 20%. Total economic supply may be considerably less than timber inventory.” Colberg notes that
whileindustry isimproving yields on its forestlands, the performance of the non-industrial sector is
generally poor. He claimsthat no more than a quarter of the cutover acreage on non-industrial private land
is seeded or planted following harvesting

More positively, Hagler (1994) suggests that the region will generally be able to maintain production levels
in the years ahead, although it will no longer be alow cost producer. In amore current paper Kaiser (1997)
of the USDA Forest Service asserts that “assuming that timberland owners continue to respond as they
have in the past to price and inventory changes and manage their private stands as projected, timber harvest
from private lands will be increased substantially in most regions’. He suggeststhat for the US asawhole,
IRW harvest could reach about 700 million in 2040 (up from about 400 million currently), with most of the
increase in the southern US. Reporting in 1999 on a study of private forest investment in the US, Aliget al
also conclude that there is a substantial potential of timberlands for increased growth and harvest. They
differ from Kaiser, however, in that a condition of the realization of this potential isthat investmentsin
planting be made at arate “well beyond those observed in recent years.” They state that given adequate
investment, the areain planted forests would almost triple within the next 30 years.

On balance, the situation in the southern USis one of considerable uncertainty. Whilethereisaclear
theoretical potential, the apparent lack of acommon commitment to intensive timber production amongst a
large portion of the private timberland owners suggests that any unified response would require a
considerable and continued increase in timber prices. While this may well occur in the future, thereisa
time lag of 25 to 30 yearsfor pine saw logsto reach harvest age, thus extending any real expansion in
harvest volumes for a considerable time.

Intensive forest management. In addition to the intensive management of planted or naturally regenerated
forests of the US South, there is potential to apply similar growth enhancing techniques to the indigenous
forests of much of the temperate zone. Unfortunately, there does not appear to be a comprehensive
literature addressing systematic analyses of costs and benefits applied to industrial forestry. In part, this
reflects the site-specificity of forestry generally, the long rotation ages involved, and that probably, with the
possible exception of Scandinavia, the application of intensive silvicultural techniques to indigenous
plantingsis apparently not widely practiced. Inany event, there is some anecdotal evidence from North
Americathat suggests the potential for significant gains, although the associated costs are not evident.
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For example, Michaelis (1993) suggests that with herbicide treatment, two commercial thinnings, and a
treatment of fertilizer, an average acre in the US Northwest could produce 40 to 60 percent more saw
timber per ha. Michaelis points out that if the 4 million ha of timberland in that region were managed
intensively, the area could produce an increment equivalent to “10% of US sawnwood production.

Binkley (1997) estimates that if intensive techniques were applied on a zoned basis in British Columbia,
yields could on average be increased from the current average of 2.2 m¥/halyr to atarget level of 5.9, or
roughly by afactor of two to three. He estimates that this concept could increase the long-term sustainable
harvest from 70 million m2 to 100 million m3 annually in the long-term and at the same time, make

available some 70 million hafor uses other than timber production. The paper does not discuss the
economic aspects of the concept, which raises the question of the impact of the effect of time on the
discounted value of the eventual harvest, given what presumably would be rotation ages of at |least 50 to 60
years and the need for expenditures to be made in the early stages of the cycle. Also not addressed isthe
impact upon the timing of harvest flows from the intensively managed forest areas and the extent to which
these volumes would differ materially over, say, afifty year period from those projected for current forest
management practices.

6.6 Expansion potential of ‘non-traditional’ supply sources
The need for plantations: a consensus. An earlier section of thisreport noted that areview of the literature
on global forestry indicated a general agreement with respect to the need for forest plantationsto provide a
key component of future IRW supply. The following quotations from recent papers perhaps best express
what appears to be a strong consensus:
“We simply cannot meet our demands for solidwood, wood pulp, fuelwood and other
forest values from naturally -growing native forests alone. We' re dependent on planted
forests’ (Boyle 1999).

“Planted forests are the world’ s best hope for meeting global wood requirementsin the
21% century” (Powers 1999).

Itisinevitablethat global tree farms will take an ever increasing role in wood supply.
Thetraditional dominance of the world’ s native forestsin providing global wood fiber
needs can not continue” (Neilson 1999).

Although thereis ageneral (but not full) agreement asto the need for plantations, there has been relatively
little attention given to where new plantations will be developed , at what rate, and of what type.

Plantationsin the1990s. Reliable, definitive information regarding existing plantations is notoriously
weak. Definitions are blurred and confused and the data often inaccurate and/or incomplete. FAO has
undertaken the task of developing a comprehensive database and has made good progress with work still in
process. Whiteman and Brown (1999) of FAO estimate that of the 120 million ha of global forest

plantation area, between 70 and 100 million hawill be used for IRW supply. Of this, about half islocated

in China, Indiaand Japan. The United States and Russia account for about 15 million haeach. The balance
isdistributed in afurther 13 countries each with more than 1 million ha.

The area of short-rotation, high-yield (>14 m3halyr) plantationsis not given, however it isrelatively small,
probably less than 15 million m? and located primarily in Latin America, Oceania, and Indonesia.
Nevertheless, this sub-sector has the greatest potential for significant additionsto IRW supply.

The plantation development incentive. The motivationsfor IRW plantations are varied. For governments,
depending upon growing conditions, land-availability and the extent and nature of natural forest resources,
plantations can provide the potential for import substitution, industrial and export development, and the
possibility of reclaiming degraded land.

Plantations offer the private sector the potential to select the resource location, pre-determine and/or modify

fiber characteristics, and most importantly, develop a secure source of low-cost roundwood. Low wood
costs, long-term supply security, and access to markets are arguably the key determinants of competitive
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position for aforest products firm. Those countries and/or regions that can provide such potential in the
context of reasonable “ country risk” should enjoy a clear comparative advantage.

As Gadgil and Bain (1999) have observed, “It is economicsthat largely drives plantation forestry. Most
plantation forests are established and managed for profit.” That said, it is biology that drivesthe
economics. As Kanowski (1992) notes “the principal attraction of plantation forestsistheir productivity
relative to most forest systems.”

Therelative productivity of plantations relative to natural forest yieldsis demonstrated in Table 3.

Table3. Typical timber yields

Yield (m¥halyr Rotation (yr)

Temperate & boreal conifer forests

British Columbia 15-53

Sweden 3.3

Finland 25 60-100

Siberia 1.0-14 70-200
Plantations - conifers

Britain 14 40

New Zealand 18-30 20-40

Brazil 15-35 15-35

Chile 20-30 15-35
Plantations — non-conifers

Brazil 30-45+ 7-20

Chile 20-30 8-20

Portugal & Spain 10-15 8-15

Source: Adapted from Sedjo (1999)

Theimpact of the plantation yieldsisgreat. At an estimated yield of 15 m3/halyr, an area of about 3% of
the world’ stotal closed forest couldin theory provide the current IRW requirement. Whilethisis
admittedly grossly simplistic, it does underscore the potential offered by high yield plantations.

Government involvement. Most high-yield plantations were initially developed with some form of
government subsidy. This has been the case, for example, in Brazil, Chile and New Zealand, three of the
world’ sleading high-yield plantation countries. Today, however, most countries have removed direct
subsidies for plantation establishment. While this has slowed the planting rate in some cases, (most notably
Brazil) it has not stopped further establishment investments by the private sector. The state has also been
involved in promoting the afforestation of land taken out of agricultural production, principally in countries
of the EU, the USA and some Eastern European countries (Pandey and Ball 1998).
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Issues. Thereisavariety of issueswith respect to the social and environmental aspects of plantations, and
particulary high-yield plantations. While these are complex, none should preclude plantation devel opment,
providing that such development is carried out with due concern to the sensitivities and established “ best
practices’. The economic case against high-yield plantations is made by Oliver (1999), who holds that the
high establishment costs of plantations require high yields and short rotations— which in turn add further to
establishment costs. In hisview, the emphasis on short rotations will lead to a surplus of small diameter

and low quality wood.

Successful implementation. If future IRW requirements are to be met, it isvitally important not only that
sufficient areas of plantations are established, but that the development is done in such away that the
plantations will be economically, technically and socially sustainable over the long-term. This has not
always been the case; there have been failures. Evans (1999) identifies the leading causes of failuresin
tropical plantations as. land tenure problems, lack of participation by local people, and inadequate attention
to proper planning, budgeting and market evaluation. In hisview, failure to address these matters will
override species choice, silviculture and management.

Conversely, Nielson (1997) citesthe following criteriafor successful plantation development:
- country economic and political conditions conducive to investment
sufficient land to build up aresource without unduly impacting land prices or leases
low population in the plantation area
afast growing tree species
aproven species technology
market access

Outlook. At the outset of this section, it was noted that based on the assumed growth in the demand for
IRW, there would be an increasing annual increment reaching in the order of one billion m3 by 2050. From
theliterature, it is clear that the natural forests of the world, given the various constraints faced, will be
unable to supply thisincrement. While technological developments are expected to continue to improve
the unit utilization rate of IRW, they cannot reasonably be expected to alleviate the need for significant
increasesin IRW over the 50-year period. While intensive management of natural forest resources can
improveyields over the long-term, the further development of intensively managed plantations appears to
provide the most significant potential for additional supply to 2050.

Whiteman and Brown (FAO 1999), utilizing the FAO global fiber supply model, have prepared a
preliminary forest plantation analysis. Thiswork includes a plantation age-class distribution which
indicates that 50% of the plantation area has been planted in the past 15 years and nearly 25% in the past 5
years. Thisimpliesadramatic increasein the flow of IRW from plantations during the next 10 years,
although there is no indication as to the distribution between sawlogs and pulplogs. After about 2010
however, the plantation supply profile will depend very much on the rate of planting from 2000 onward.

The FAO team has put forward three preliminary scenarios to the year 2050 in which the rate of planting is
varied. The most probable range lies between the assumption of a constant rate of 1.2 million ha/yr
throughout the period, and alternatively, a continuation of the apparent 1995 planting rate taken out to 2010
and then reduced progressively over the remaining 40-year period. The range of IRW volumes under these
assumptions lies between 850 million m3 and 1.4 billion m3in 2050. The authors caution that thereis“ a
considerable amount of uncertainty” associated with the projection due to the effect of declining income
elasticity of demand for wood products with rising income levels. In any event, the analysis provides at
least a very preliminary notion of the orders of magnitude involved, and of the level of planting required.

Plantation establishment rates reflect a complex mix of variables, which tend to defy prediction. Given that
the bulk of the high-yield component is likely to be planted by private capital, the question arises as to the
extent to which capital will be invested in the face of an apparent increase in the volume of plantation wood
forthcoming in the short term. Experience from other sectors of the forest industry tends to suggest that
capital investments are made when the supply/demand balanceis ‘tight’ — and not when thereis a surplus
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of supply with accompanying low prices. Should this be the case future plantation age-distributions will be
irregular, putting stress on short-term wood supply in many regions.

The location of future plantation devel opments and the availability of suitable land are topicsthat are
seldom addressed in the literature. According to Evans (1999), thereis plenty of degraded land resulting
from past clearance or poor farming practices and which is of no importance for conservation but will grow
treeswell. In support of this position, a CINTRAFOR (1998) working paper on Argentina states that the
government estimates that 20 million ha of land suitable to forestry isavailable in addition to the 1 million
ha already planted.

Given that the most attractive regions for devel oping high-yield plantations in biological terms are mainly

in the southern hemisphere, it is reasonable to assume that future plantings of high-yield plantationswill
follow the already established pattern of developmentsin South America, Oceania and southeast Asia. The
actual distribution will be afunction of the variables determining success as previously outlined.

Simply simply applying an arbitrary cost/haof, say, $1,500/ha gives a very crude estimate of the plantation
establishment costsinherent in the FAO scenarios. Theresultant range of annual costsisin the order of $2
billion throughout the 50-year period and alternatively, $7 billion/yr for the next 10 years then tapering off
to zero by 2050.

Assessment

Global forestry isin transition. Aswith earlier transitions, it is accompanied by some turbulence.
However, the positive aspect is that there is a huge body of experience and science to draw upon and the
goal of achieving what Michaelis (1993) refersto as“aglobally optimal solution” which meets the needs of
all should certainly be attainable.

Given the 50-year time span under consideration, perhaps al that one can realistically hope to achieveis
some sense of direction, given the trends and dynamics as we now understand them. In this context,
Mather (1993) is helpful. Based on hisresearch he statesthat “...it is difficult to avoid the conclusion that
the scope for opening up of major new regions of supply from natural old-growth forestsislimited. The
switch from natural to planted forests will not happen over night, but the trend seemsinexorable...”. He
concludes that new patterns of supply are not only possible but also likely, given the ability for plantations
to be developed in those sites that optimize the key success criteria. These patterns are likely to be more
dispersed and more global than the ones they replace.

It seems clear based current evidence that by the year 2050 global IRW supply will be far more heavily
dependent on plantations than is presently the case. A sharein the order of 50% does not seem untoward
given the projections already made by Hagler, Jaakko Poyry, FA O and others. For thisto happen,
continuing and accelerated establishment rates will be required in the short term to medium term.

It isessential, however, that plantation development be achieved in arational and balanced way, particulary
with respect to appropriate age distributions and a mix of log types matched to end-use requirements.
Assuming the existence of open economies, an absence of trade barriers, and transparent stumpage prices
that reflect timber’ s true competitive value, the market, represented by many domestic and international
players, will respond to actual or anticipated higher demand and tightening supply. As Binkley (1989) puts
it, “timber prices signal the relative scarcity of wood and thereby coordinate virtually all of the key facts of
forest-sector devel opment.”

The resultant decision-making process could be greatly facilitated and enhanced by the availability of an
integrated, comprehensive, detailed and accurate information base with respect to all aspects of the global
plantation estate. Thiswould be particulary helpful in assisting planners and investorsto fully appreciate
the time factor which isinherent in all forestry operations, but which is particulary critical inintensive
management with its high “up-front” costs and sensitivity to the time-value of capital investments. As
Michaelis has observed, industry participants occasionally look at short timeintervalsand are lulled into a
false sense of security. Astheworld— and forestry —becomesincreasingly ‘global’ it is vitally important
that all those involved be able to form areasoned ‘long view’ based on sound information.
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