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FOREWORD

The Food and Agriculture Organisation of the United Nations (FAO) carries out periodic
reviews of the forestry sector and produces long-term forecasts of wood and wood product
supply and demand. The production of reliable and timely forecasts is seen as an important
aid to planning and decision making in the forestry sector at a national, regional and global
level, which FAO will continue to strongly support in the future.

Most projections of future supply and demand are based on a variety of statistical or
econometric techniques. Such techniques examine historical trends and changes in supply and
demand and attempt to explain these trends by identifying relationships with other variables,
such as: forest product prices; the availability of forest resources; and economic growth.
Assumptions about future changes in these variables are then used to make projections of
future supply and demand.

One of the major challenges when producing supply and demand projections, is to estimate
the future availability of forest resources that will continue to be used for wood supply and to
calculate the volume of roundwood that might be produced from such areas. This paper
presents an attempt to estimate future trends in forest plantation areas and potential
roundwood production from such areas.

The paper falls broadly into three sections. The first examines historical trends and the current
status of the global forest plantation resource, in terms of its size, location, species and age
composition, use and production potential. The second section examines important economic
and policy factors that have driven forest plantation establishment in the past and are likely to
continue to do so in the future. This section is particularly interesting and many of the issues
discussed here apply to forestry development more generally. The last section presents three
scenarios for future forest plantation expansion and potential roundwood production from
forest plantations.

This paper is the result of a concentrated effort on the part of Chris Brown to collect reliable
forest plantation statistics for all of the countries with significant forest plantation resources,
to critically review the data and make corrections where necessary and to put this all together
into a form that is comparable with all of the existing information about forest plantations
held by FAO. The modelling of potential roundwood production from forest plantations is
also a significant advance on previous efforts in this field (such as FAO’s Global Fibre
Supply Model) and Mr Brown is to be congratulated on the results of his efforts.

FAO will continue to explore ways in which the quality of future supply and demand
projections can be improved through improvements in the collection of forest product
statistics and the models used to make such projections. In this respect, we would welcome
comments on all aspects of this study from professional analysts and users of this study
(contact details can be found on page xiii of this working paper).

Adrian Whiteman
Forestry Officer (Sector Studies)

Forestry Policy and Planning Division
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INFORMATION NOTE ON THE GLOBAL FOREST PRODUCTS OUTLOOK STUDY

In considering the role of FAO in the sustainable management of forests and in the follow-up to the UN
Conference on Environment and Development (UNCED), the 107th session of the FAO Council (1994)
agreed that there was a need for FAO to improve the quality of its forest sector information and analysis. In
response to this and other similar demands, FAO has increased the prominence of outlook studies in the
programme of work of the Forestry Department.

A provisional global forest products outlook was produced early in 1997 which concentrated on forecasts of
future supply and demand, based on econometric modelling of past trends in forest products markets. This
study highlighted the need for more detailed research in two areas: the supply and demand for fuelwood; and
the potential for wood supply from non-forest sources (including trees outside the forest and secondary
sources). In addition to this, subsequent discussion of the provisional outlook, suggested that greater
attention should be given more generally to the supply-side of future outlook studies.

The current Global Forest Products Outlook Study is the fifth in the series of FAO's global supply and demand
studies which have been produced approximately every five years since 1982. The study attempts to respond to
those needs identified above. However, it also attempts to go beyond the scope of previous outlook studies, by
presenting much more interpretation of the future supply and demand forecasts from the point of view of
forestry policy development and forest management. Thus, it attempts to go beyond answering the simple
question of how much wood will be needed in the future, to cover issues such as where will the wood come
from, who will produce it and how will it be produced and utilised. This, inevitably, leads to questions about
how forestry policies and institutions should be shaped in the future and the study attempts to answer some of
these questions.

Working papers have been commissioned on a few topics which have been considered as most important for the
future wood product market outlook, including: likely future changes in the nature and type of wood and fibre
supplies; trends in processing; and the future outlook for fuelwood supply and demand. Working papers are
being produced and issued as they arrive. Some effort at uniformity of presentation is being attempted but the
contents are only minimally edited for style or clarity. FAO welcomes from readers any information which they
feel would be useful to the study on the subject of any of the working papers or on any other subject that has
importance for the forest products outlook. Such material can be mailed to the contacts given below from whom
further copies of these working papers, as well as more information on the Global Forest Products Outlook
Study can be obtained:

Mr. R Michael Martin
Chief
Planning and Statistics Branch
Policy and Planning Division
Forestry Department
Food and Agriculture Organization of

the United Nations
Viale delle Terme di Caracalla
Rome, 00100, ITALY
Tel: (39-06) 5705 3302
Fax: (39-06) 5705 5137
Email: michael.martin@fao.org

 Mr Adrian Whiteman
Forestry Officer (Sector Studies)

  Planning and Statistics Branch
Policy and Planning Division
Forestry Department
Food and Agriculture Organization of

the United Nations
Viale delle Terme di Caracalla
Rome, 00100, ITALY
Tel: (39-06) 5705 5055
Fax: (39-06) 5705 5137
Email: adrian.whiteman@fao.org
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EXECUTIVE SUMMARY

General overview of the forest plantation resource

Forest plantations account for only a very small proportion of the global forest area. It is
estimated that, in 1995, the global area of forest plantations was about 123.7 million hectares,
or approximately 3.5 percent of the global forest area.

A handful of countries accounts for the majority of the total forest plantation area. China,
Russian Federation, United States of America, India and Japan have each established more
than 10 million hectares of forest plantations. These five countries collectively account for
64.7 percent of the global forest plantation resource. Only in 18 countries does the area of
plantation forest exceed one million hectares.

 Tropical and subtropical forest plantation resources constitute 44.7 percent of the global
resource. Tropical hardwood species occupy 56.7 percent of tropical forest plantation area.
Tropical forest plantation areas are dominated by two genera: Eucalyptus and Pinus. Forest
plantations in temperate and boreal countries constitute 55.3 percent of the global forest
plantation resource. Softwood species dominate temperate and boreal forest plantations. The
most important species fall into the Spruce-Pine-Fir (SPF) category.

Annual rates of forest plantation establishment in tropical and subtropical countries are
reported to be slightly more than 4 million hectares per annum. Aggregated global statistics
on historical trends in forest plantation establishment in temperate and boreal countries are
not available, particularly because of definitional difficulties in European countries where
classifying planted forests as forest plantations is a recent concept.

Forest plantations by type, location and age-class structure

If all forest plantations in Europe, the United States of America and countries of the former
USSR are assumed to be ultimately for industrial purposes, then it is estimated that the global
area of industrial forest plantations in 1995 was around 103.3 million hectares. This paper
derives representative global age-class structure for industrial and non-industrial forest
plantations. The most notable features of industrial forest plantation age structures are the
preponderance of forest plantations in Asia compared with the other regions and the very high
proportion of forest plantations aged less than 15 years (in 1995), particularly in developing
countries.

Non-industrial forest plantations are chiefly grown for wood fuel, or for soil and water
protection, although some may be planted for recreational purposes or as a source of non-
wood forest products. Globally, non-industrial forest plantations are estimated to total 20.4
million hectares (16.6 percent of the total forest plantation area) in 1995. The preponderance
of forest plantations in Asia compared with the other regions and the dominance of
plantations aged less than 15 years, evident for industrial plantations, are even more
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pronounced for non-industrial forest plantations. Almost all (98 percent) of the forest
plantations identified as being for non-industrial purposes are in developing countries1.

Asia contains by far the largest forest plantation resource of any region, although the bulk of
the resource is concentrated in a handful of countries. Asia's three largest plantation countries,
China, India and Japan, account for 78 percent of forest plantations in the region. The largest
areas of plantations in Africa have been established in either South Africa, or in the
Mediterranean countries of North Africa. Australia and New Zealand account for almost 95
percent of forest plantations in the Oceania region. The United States of America
overwhelmingly dominates total forest plantation areas in North and Central America. Three
countries: Brazil, Chile and Argentina comprise 82 percent of the South American plantation
resource. Nonetheless, forest plantations are probably most evenly distributed between
countries in this region. Spain, the United Kingdom, Bulgaria, France and Portugal are the
largest European plantation countries. These five countries account for two-thirds of
European forest plantations. The Russian Federation and the Ukraine have the largest forest
plantation resources of the countries of the former USSR.

Forest plantation yields and current production

Tropical forest plantation species are likely to have greater potential for increased yields than
temperate forest plantation species. As a rule, cooler climates (all other things equal), will
result in lower overall yields from a basket of appropriate species. At present, it is rare that in-
the-field mean annual increment (MAI) at harvest, for any species, exceeds 30 cubic metres
per hectare. Based on current plot trial results, however, significant advances may well be
achieved in the not too distant future.

Current forest plantation harvests may be supplying around 12 percent of the world's total
roundwood harvest. Industrial forest plantations are estimated to contribute 22.2 percent of
global industrial roundwood production, compared with non-industrial forest plantations'
4.4 percent share of wood fuel production.

Development of forest plantations

Competitive and comparative advantages will determine a country's long run success in
producing roundwood. National competitive advantage is the ability to achieve higher rates of
growth and profit and larger market share in a sector than can another country. Comparative
advantage is held by countries with the lowest opportunity costs of production. Financial
criteria, especially Discounted Cash Flow analysis, are probably the most important
quantitative tools used to assess forest plantation competitiveness as an investment. Public
domain information on comparative forest plantation costs between countries is, however,
scattered and very difficult to standardise. The most significant forest plantation costs are
likely to be land, labour and harvesting costs, as well as finance costs (e.g. interest paid on
project loans). In certain instances, other costs, for example, water charges, may be important.

                                                
1 Though this statistic is somewhat misleading since, unless their purpose is clearly specified as being non-

industrial, forest plantations in developed countries are assumed to be for industrial purposes.
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Forest plantation establishment is also guided by expectations of future price levels. Revenues
from forest plantations can be strongly skewed by taxation regimes and payment of incentives.
There is considerable variation in both tax rates and availability of incentives between
countries. Issues relating to risk in forest plantation investment should also be properly
accounted for in pre-project assessments.

Government planting policies are less susceptible to market forces, compared with private
sector actions and thus may skew the distribution of forest plantation establishment. A
number of governments, including those of China and India, remain active participants in
forest plantation establishment and management. In several countries, however, governments
have devolved their commercial forestry interests by privatising forest plantations. Other
policies such as those relating to sustainable forest management and carbon sequestration may
also affect future forest plantation establishment.

The outlook for forest plantation areas and roundwood production

Quantitative modelling of future potential roundwood production from forest plantations
shows that, regardless of future rates of afforestation, production will increase substantially.
Currently, the annual industrial roundwood harvest from forest plantations is estimated to be
331 million cubic metres. Wood fuel production is estimated to be 86 million cubic metres.
Under a medium growth scenario, which assumes that annual afforestation is carried out at
1 percent of the current forest plantation area, global potential industrial roundwood
production from forest plantations is estimated to reach a local maximum in 2045 of
906 million cubic metres per year. Under the same scenario, potential wood fuel production is
estimated to increase to 248 million cubic metres by 2050.

The paper models a further two alternative scenarios. A low growth scenario, assuming no
new afforestation, results in a projection of only a modest increase in potential roundwood
production. This increase results from the current forest plantation age-class distribution being
heavily skewed toward immature forests. A high growth scenario, assuming a gradual
reduction from current actual afforestation rates, results in the area of the global industrial
forest plantation estate increasing to 234 million hectares by 2050. Potential industrial
roundwood production from forest plantations under this scenario reaches 1,5000 million
cubic metres by 2050.

A qualitative assessment of the scenarios suggests that the medium scenario (Scenario 2) is
most likely to be broadly representative of the future. Scarcity of suitable land for forest
plantation development, for example, could physically constrain forest plantation
development in some countries below the level modelled in the high scenario (Scenario 3).
Similarly, the economic law of diminishing returns may also play a role in slowing
afforestation rates. Current trends suggest, however, that some new forest plantations will
continue to be established, so the low growth scenario is most unlikely.

The paper concludes that, at present, the emergence of true competitive advantage in the
forest plantation sector is masked by a number of forestry policies and incentives. Currently,
policy is at least as important as economics in determining forest plantation patterns.
Consequently, forest plantation establishment is widely dispersed, with significant areas of
industrial forest plantations being established in many countries.
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1 INTRODUCTION

 Forecasts of the future supply and demand for wood and wood products are an important aid
to planning and decision making in the forestry sector. Consequently, the Food and
Agriculture Organization of the United Nations (FAO) carries out periodic reviews of global
forest product markets in order to produce supply and demand forecasts. The current Global
Forest Products Outlook Study (GFPOS) includes the production of medium-term projections
of forest products supply and demand using the Global Forest Products Model (GFPM), plus
specific reviews of developments in forest plantations, fuelwood, trees outside of forests, and
technology change.
 
 The results of the global supply and demand analysis suggest that demand for wood will
continue to increase for the foreseeable future, due to continued increases in population and
income. However, during the past thirty years, natural forest resources have declined in a
number of countries (particularly in the area of natural forest available for wood supply) and
this trend is expected to continue in the future. This suggests that increases in future demand
will have to be supplied from a diminishing, or more restricted, forest resource base. In other
words, as forests are cleared, degraded, or withdrawn from production, the burden placed on
the remaining forests to produce wood will increase commensurately.
 
 Theoretical economic principles suggest that the price mechanism will lead to forest areas and
levels of production that are "efficient" in terms of the production of marketed or commercial
outputs. However, due to market failures, often exacerbated by failures in policies and
institutions, it is unlikely that markets will result in levels of forest cover and roundwood
production that are "economically efficient" in the widest sense.2 Therefore, forestry
policymakers have proposed a number of measures to correct for such failures. A particular
concern has been to prevent further deforestation and degradation (especially in tropical
forests), while enabling continuity in supplies of forest products.
 
 On the demand side, policymakers have suggested measures such as: population policies;
consumer awareness campaigns; the creation of new markets for previously unmarketed
goods and services; trade restrictions; and certification schemes. Supply-side measures, which
generally focus on utilising existing resources (including forests, other land, wood and non-
wood fibre resources) more efficiently, have also been proposed. The main supply-orientated
proposals include: increasing rates of recycling; improving the utilisation of wood residues;
improving conversion rates in wood processing; implementing better harvesting
methodologies and techniques; and intensifying forest management. A good example of the
latter is the establishment of forest plantations.
 
 Given these trends and the likely outlook for forest products supply and demand and for forest
resources, there has been an increased interest in the establishment of forest plantations in
recent years. Forest plantations can alleviate potential future wood shortages and provide
continuity of supply for existing industrial enterprises and household fuelwood needs.
However, despite this interest, information is scarce (at least in the public domain) about
forest plantation resources at the national level. Furthermore, forestry policymakers,
particularly in the international sphere, are forced to set policy in what is largely a quantitative
vacuum. Not only is much of the basic national forest inventory data (e.g. area, age-class,

                                                
2 i.e. taking into account social and environmental costs and benefits.
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increment, species and yield) incomplete, inaccurate, obsolete or otherwise unreliable in many
countries, but many of the other key variables (e.g. the impacts on roundwood production of
intensified management regimes, genetic gains, and technological or methodological
improvements) remain unmeasured or unreported. In particular, information about qualitative
changes in forest resources and wood and fibre production potential remains particularly
elusive.

The overall aim of this study is to fill some of these gaps in information and analysis.
Specifically, it will contribute to the supply-side analysis within the GFPOS and contribute to
FAO's programme of work to update and improve forest resource statistics more generally.
With plantations taking an increasingly important role in meeting global wood supplies, this
study will also contribute to the body of knowledge that supports the Global Forestry
Information System, the biennial State of the World's Forests report and the periodic reports
carried out within the framework of the Forest Resource Assessment 2000 (FRA 2000).

1.1 Data sources and data collection

A concerted effort is currently underway to systematically update and upgrade FAO's
database on forest plantations. As a contribution to this effort, a tropical forest plantation
study by Pandey (1997) has investigated area and species distribution and a related database
and modelling project by Leech (1998) has examined tropical forest plantation increments
and yields. A set of tropical hardwood plantation case studies in selected developing countries
has also been commissioned under an FAO Trust Fund Project supported by the United
Kingdom: Timber production from hardwood plantations in the tropics and sub-tropics
(GCP/INT/628/UK).

In the temperate and boreal forest zones, forest plantation area statistics for most countries
have already been updated as part of the temperate and boreal component of FRA 2000.3 This
activity has been a joint effort of the UNECE and FAO offices in Geneva (UN, 2000).

The overall process of refining and analysing information about forest plantations is
necessarily stepwise, involving data collation, expert review, national validation and final
compilation. As part of this process, a specific plantation expert meeting was convened in
Rome during July 1998 (as part of project GCP/INT/628/UK) to review the preliminary data
for tropical countries. Similarly, a series of regional workshops to validate national forestry
data for African countries, including data for forest plantations, were started in late-1998
(with the support of DGVIII of the European Commission). More workshops will be held for
other tropical countries in the near future. The data already collected in the temperate and
boreal forest zone has also been thoroughly checked and evaluated by the Joint FAO-UNECE
Working Party on Forest Economics and Statistics.

The collection and refinement of all this information is an ongoing process. It is therefore,
inevitable that most of the data used in this modelling exercise can only be considered as
provisional or indicative. However, despite the provisional nature of much of the data, the

                                                
3 Countries that have already supplied this information are: member countries of the Economic Commission

for Europe (ECE) - United States of America; Canada; and all European countries (including the countries of
the former USSR), plus: Japan; Australia; and New Zealand.
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analysis can still identify important trends and implications and can be used to monitor
progress in the area of global forest plantation statistics. Indeed, this is another major
objective of studies such as the GFPOS.

1.2 Objectives of the study

The main objectives of this study are to examine three important aspects of forest plantation
development, namely:

•  the current status and future (medium-term) trends in forest plantation establishment;

•  economic and policy issues associated with forest plantation establishment; and

•  the outlook for potential wood supplies from forest plantations.
 
 In examining the contribution that forest plantations can make to future wood supplies, it
focuses on economic aspects of forest plantation wood supply. This includes modelling the
current and future yields from forest plantations and examining (and, where possible,
quantifying) economic and policy dimensions that are likely to have an impact on future
patterns of forest plantation establishment.
 
 It should be noted, however, that this is not a comprehensive study of all aspects of forest
plantation establishment and development. For example, it does not investigate in any detail
the scientific, management, social or environmental aspects of forest plantations, except
where these might have an impact on future wood supply. The study does, though, examine
current and likely future environmental and social policies, where they have strong forest
plantation development dimensions. These may be particularly important in the context of
incentive structures and in the development of climate change-related instruments affecting
forest plantations.
 
 In attempting a global-level analysis it is acknowledged that, given the absence of important
data in some countries and the consequent need to make a broad range of assumptions, the
assessment is at best a "ballpark analysis". That is to say, the assessment aims to provide an
indicative order of magnitude in the results rather than any definitive prediction. Similarly, it
is beyond the scope of the study to examine specific policy and economic parameters,
individually, for all countries. Rather, the objective is to provide a broad cross-section of
examples that describe the range of options presently in force and, where possible, to describe
developing global trends.
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1.3 Structure of this report
 
 This report is in three main sections. The first section discusses the data collected on forest
plantation areas, the process used to check this data and elaborate on important aspects such
as forest plantation age-structure and yield. It presents historical trends in forest plantation
area along with a detailed description of forest plantation areas in 1995, by species, country,
region and split into broad age-classes. It also presents an estimate of current roundwood
production potential from forest plantations.
 
 The next section discusses the most important economic and policy issues affecting forest
plantation development in the past and in the future. This section is mostly theoretical, but
uses a wide range of examples from a number of countries to highlight specific points.
 
 The final section presents projections of future potential roundwood supply (to 2050) by
forest type and by region, under three alternative scenarios for future forest plantation
development. The projections for industrial roundwood potential are compared with
extrapolations of possible future levels of total industrial roundwood production and
consumption to determine the overall contribution that forest plantations might make to future
supply and demand.
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2 FOREST PLANTATION TRENDS AND CURRENT STATUS

2.1 Terms and definitions
 
 The question as to what role forest plantations might play in meeting future wood demands is
inextricably linked to past, current and future patterns in forest plantation establishment.
Indeed, the area of trees already in the ground will determine production in the immediate
future. Future planting is dependent on available resources, perceived rates of return,
successes of previous planting programmes and perceptions of future supply-demand
imbalances.
 
 Unfortunately, however, as already noted, comprehensive forest inventory information about
national forest plantation resources is generally scarce and virtually non-existent (at least in
the public domain) at the global level. There are several reasons for this, not least the
difficulties in differentiating between natural forests and forest plantations. As Solberg et al
(1996) note:
 

 "Estimating the area of forest plantations presents some challenges. The term
"plantation" has varied meanings, and even where a precise definition is
available, it is not universally applicable."

 
 A forest plantation will generally be defined according to the extent of human intervention in
the forest's establishment and/or management. In many instances, because there is an
extensive range of silvicultural practices applied in intensive forest management, the
difference between a semi-natural forest and forest plantation is essentially arbitrary. To coin
a phrase, a forest plantation is in the eye of the classifier.
 
 Within the framework of the FRA 2000 programme, forest plantations in the tropical and sub-
tropical regions are defined as:
 

 Forest stands established by planting or/and seeding in the process of
afforestation or reforestation. They are either:
 

- of introduced species (all planted stands), or

- intensively managed stands of indigenous species, which meet all the
following criteria: one or two species at planting, even age class,
regular spacing.4 (FAO, 1998).

                                                
4 Oil palm and rubberwood plantations are classified by FAO as agricultural tree-crops rather than as forest

plantations. For the purpose of the GFPOS these resources will be analysed as part of the sixth working
paper in this series: The potential contribution of trees outside of forests to future wood supplies.
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 For the countries already examined in the temperate and boreal forest component of FRA
2000, the following specification (related to the intensity of management) has been added to
the above definition:
 

- Excludes: stands which were established as plantations but which
have been without intensive management for a significant period of
time. These should be considered semi-natural. (UN, 1997).

The above definitions include several ambiguities. For example, how should "regular
spacing" be defined, particularly when a stand has been established by broadcast seeding?
Similarly, the definitions of "intensively managed" and "a significant period of time" are open
to interpretation and the area dimension for the even age class requirement is not specified
(i.e. should it be applied to compartments, forest blocks or a whole management unit?).
 
 In general, a degree of ambiguity is necessary to ensure that the definition can be applied to a
comprehensive range of forests across the globe and to ensure that the definition remains
stable through time. There is, however, a necessary trade-off between specificity and
robustness. Thus, under these definitions, a number of significant forestry countries including,
for example, Finland, Germany and Canada, report having no forest plantations. Conversely,
neighbouring countries with seemingly similar forestry practices and philosophies report
significant plantation areas.
 
 In the final analysis forest management and silvicultural systems exist on a continuum with
"natural" and "artificial" forests occupying different, but perceptually overlapping, portions of
the spectrum. In many respects then, especially in the temperate and boreal forest zones,
attempting to demarcate between natural forests and forest plantations is an inexact and
equivocal exercise.5

 

                                                
5 In fact, in terms of wood supply analysis, studies that differentiate between natural forests and forest

plantations are of only minor interest in themselves. They can be used to enhance the understanding of how
changes in forest management intensity can increase the wood and fibre productivity of forests and the
differences between species that grow in forest plantations and the natural forest are important factors to
consider. The main purpose of concentrating on the future split between forest plantations and the natural
forest is much more likely to be to enrich the debate about the environmental and social implications of
changing forest types.
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2.2 Forest plantation area in 1995
 
 The 1990 Global Forest Resource Assessment (FAO, 1995a) estimated that the world's total
forest area in 1990 was 3,511 million hectares. This figure was updated in the 1997 State of
the World’s Forests (FAO, 1997) to give an estimate for 1995 of 3,454 million hectares.
However, forest plantations account for only a very small proportion of the global forest area.
The most recent estimate of the global area of forest plantations in 1995 is
123.7 million hectares, or approximately 3.6 percent of the estimated global forest area in
1995 (see: Pandey (1997) for tropical and subtropical countries; and UN (2000) for temperate
and boreal countries).
 
 The geographical distribution of the estimated global forest plantation area in 1995 is shown
in Figure 1. This figure shows that Asia contains the largest proportion of the world’s forest
plantations, with just under half of the total.
  
Figure 1 The global distribution of forest plantations by region in 1995

 Principal sources: UN (2000); Pandey (1997); and FAO (1995a).
 

North and Central America        
19.2 million ha (16%)
South America                            
8.2 million ha (7%)
Asia                                              
56.9 Million ha (46%)
Oceania                                        
2.7 million ha (2%)
Africa                                           
5.7 million ha (5%)
Europe                                         
8.7 million ha (7%)
Countries of the former USSR  
22.2 million ha (18%)
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 More revealing however, is the total share of the global forest plantation resource held by just
a handful of countries. Five countries have each established more than 10 million hectares of
forest plantations: China (21.4 million ha); United States of America (18.4 million ha);
Russian Federation (17.1 million ha); India (12.4 million ha); and Japan (10.7 million ha).
Together, these five countries account for 65% of the global forest plantation resource.
 
 The overall concentration of forest plantation resources in a handful of countries is further
demonstrated by the fact that only an additional 13 countries have an area of forest plantations
exceeding one million hectares. Thus, 18 countries account for 87% of the world's forest
plantations. Of the countries with less than 10 million hectares of forest plantations, the
largest forest plantation resources are in the Ukraine (4.4 million ha), Brazil (4.2 million ha)
and Indonesia (3.0 million ha).
 
 Table 1 provides aggregated estimates of industrial6 and non-industrial plantation areas in
1995 and includes statistics for the countries with the largest forest plantation areas. A
summary of forest plantation area data for all of the individual countries included in this study
is given in Appendix III.
 
Table 1 The distribution of forest plantations by main countries and region in 1995

 Country or region  Forest plantation area (in million ha)
  Industrial  Non-industrial  Total
 North and Central America  18.9  0.3  19.2
     United States  18.4  0.0  18.4
 South America  5.4  2.8  8.2
 Asia  41.8  15.1  56.9
     China  17.5  3.9  21.4
     India  4.1  8.3  12.4
     Japan  10.7  0.0  10.7
 Oceania  2.7  <0.1  2.7
 Africa  3.6  2.2  5.7
 Europe  8.7  0.0  8.7
Countries of the former USSR  22.2  0.0  22.2
     Russian Federation  17.1  0.0  17.1
 Total  103.3  20.4  123.7

 Principal sources: UN (2000); Pandey (1997); and FAO (1995a).

                                                
6 The classification of forest plantations into industrial plantations and non-industrial plantations follows that

of Pandey (1997): "Plantations for the supply of roundwood for sawntimber, veneer and pulp have been
classified as "industrial plantations" in this study. Sometimes they were identified from the source, but often
the area had to be inferred on the basis of species composition. All other plantations are denoted as "non-
industrial plantations" and include those for fuelwood, soil and water protection and amenity purposes."
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2.3 Principle species used in forest plantations
 
 Several countries with major forest plantation resources stretch across both temperate and
tropical zones. Difficulties in clearly distinguishing between tropical and temperate forest
plantations in these countries means that the countries have been classified as belonging
wholly to one group or the other, usually (but not exclusively) depending on whether the
country is classified as developed or developing. This results in a slight bias toward putting
those countries that bridge the tropical and temperate divide into the tropical and subtropical
category.7 Figure 2 shows the broad classification of countries used for this paper.
 
Figure 2 Countries classified as tropical and subtropical or temperate and boreal

                                                
7 Countries with significant forest plantation resources that have been classified as tropical and subtropical, but

have a (sometimes major) temperate forest plantation component, include: Argentina; Australia; China;
Chile; India; and South Africa.
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 At the broadest level, global plantations can be separated into tropical and subtropical
plantations and temperate and boreal plantations. These areas can then be further subdivided
into forest plantations of hardwoods and softwoods. Tropical and subtropical forest plantation
resources in 1995 are estimated8 to cover 55.4 million hectares, 44.7 percent of the global
resource. Hardwood species are estimated to cover 31.4 million hectares, about 56.7 percent
of tropical and subtropical plantation area. Softwood species cover 24 million hectares.
Plantation forests in temperate and boreal countries are estimated to cover 68.3 million
hectares. Softwood species dominate temperate and boreal plantation forests and are
estimated to cover 60.7 million hectares or 88.9 percent of the temperate and boreal
plantation resource. Temperate and boreal hardwood plantations are estimated to cover 7.6
million hectares. These figures are summarised in Figure 3.
 
Figure 3 Global forest plantation resources by type and area in 1995

 Sources: tropical and subtropical forest plantations - Pandey (1997); temperate and boreal forest plantations –
compilation from various sources.

                                                
8 Tropical and subtropical plantation areas are drawn from Pandey (1997). The areas quoted throughout this

paper are Pandey's Net Areas as opposed to Reported Areas. In an attempt to provide more accurate
assessments of actual plantation areas Pandey, in some instances, applies a reduction factor to the area of
plantations reported to be present in particular countries. "Estimation of the net area, that is, the actual area
of the stocked plantations excluding failed, harvested or doubly counted plantations, has been done by
applying a reduction factor/success rate derived from inventory or survey of plantations". A more complete
description of the process is provided in Pandey (1997).

Tropical and subtropical hardwoods
31.4 million ha (25%)

Tropical and subtropical softwoods 
24.0 million ha (19%)

Temperate and boreal hardwoods     
7.6 million ha (6%)

Temperate and boreal softwoods      
60.7 million ha (49%)
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2.3.1 Tropical and subtropical plantations
 
 Tropical plantations are dominated by two genera: Eucalyptus and Pinus. Collectively, these
two species groups account for 43.4 percent of tropical plantation areas. Other important
species include Acacia species, Tectona grandis, and Gmelina arborea. Pandey (1997) notes,
however, that there is a broad range (of more than 100) of species utilised in tropical and
subtropical plantations. Table 2 gives an estimated breakdown of tropical plantation areas by
species group in 1995. The significance of minor species in tropical and subtropical
plantations is demonstrated by the area of species classified as "Other softwoods" or "Other
hardwoods", which account for 41.6 percent of the total (though in some instances these
plantations could be unidentified Pinus or Eucalyptus plantations). Around 6 million hectares
of “Other softwoods” comprise plantations of Cunninghamia lanceolata in China. This
species is not planted on a large scale elsewhere, but the large area in China makes it one of
the world’s most extensively planted species. Leucaena species and similar multi-purpose and
fodder species comprise a significant proportion of “Other hardwoods”.
 
Table 2 Net area of tropical and subtropical forest plantations by species in 1995

Species  Percentage of
total area

 Area
 (in ha)

 Acacia auriculiformis  1.4  757,655
 Acacia mangium  0.8  454,370
 Acacia mearnsii  0.6  325,292
 Other acacias  4.2  2,366,990
 Casuarina species  1.4  787,200
 Dalbergia sissoo  1.1  626,020
 Eucalyptus species  17.7  9,949,588
 Gmelina arborea  0.7  418,050
 Swietenia macrophylla  0.3  151,214
 Terminalia species  0.5  303,957
 Tectona grandis  4.0  2,246,559
 Other hardwoods  24.7  13,920,826
 Fast growing pines  10.5  5,923,754
 Other pines  15.3  8,614,480
 Other softwoods  16.8  9,479,495
 Total  100.0  56,325,450

 Note: This total derives directly from Pandey (1997). It differs slightly from the total area of tropical plantations
cited in the remainder of the paper, because updated information on the total plantation area has been collected
for several tropical countries. Fast growing pines include: Pinus caribaea and Pinus oocarpa (in tropical
areas); Pinus radiata and Pinus elliottii (in subtropics and temperate parts of tropical and subtropical
countries); and Pinus patula (in tropical highlands).

 Eucalyptus species are planted extensively throughout the tropics and particularly in
subtropical regions. The countries with the largest Eucalyptus plantation resources are: India
(3.1 million hectares); Brazil (2.7 million hectares); South Africa (557,000 hectares); and
Vietnam (479,000 hectares), which collectively account for 69 percent of the total Eucalyptus
plantation resource.
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 Fast-growing pine species, particularly Pinus caribaea, are also widely planted. The most
extensive Pinus plantations are, however, in the temperate regions of countries included in the
tropical and subtropical classification. Forest plantations in Chile (1.4 million hectares),
Australia (833,000 hectares) and South Africa (757,000 hectares), are dominated by Pinus
radiata. These countries, along with Brazil (1.1 million hectares), have the largest pine
plantations in countries classified as tropical or subtropical. Pinus patula occupies more than
1 million hectares in Southeast Africa. Slower growing pines occupy around 6.4 million
hectares in China.
 
 Other species are less widely distributed. Acacias are planted mainly in Africa, Indonesia and
on the Indian subcontinent. Teak (Tectona grandis) is predominantly grown in India,
Southeast Asia, and parts of Central America and the Caribbean, while Indonesia and Fiji
have the largest introduced mahogany (Swietenia macrophylla) plantations. Comprehensive
information about the main species used in plantations in China (which accounts for 38
percent of the tropical and subtropical plantation area) is not available. However, the most
widely planted species in China have been Cunninghamia lanceolata (as discussed above),
Eucalyptus species, Populus species and Pinus elliottii.
 
 
2.3.2 Temperate and boreal forest plantations
 
 Plantation areas in temperate and boreal countries are generally less easily defined than in
tropical countries. For example, Pandey (1995) notes:
 

 Forestry plantations in the developed/industrialised countries are quite different
from most of the developing countries. Except for Australia, New Zealand,
Portugal, Spain and UK where exotics (eucalypti and/or pines) dominate the
plantations, in all other cases, species indigenous to the countries are used mostly
in the plantations. The results of the plantations in these countries are often not
much different from the results of active natural regeneration. After about 20% of
the rotation period, the difference between the planted and naturally regenerated
forests almost disappears and often it becomes difficult to assess the actual area
under forest plantations.

 
 The UNECE-FAO temperate and boreal forest component of FRA 2000 classifies forests as
being natural, semi-natural or plantations. In many instances, forests established as
plantations are now classified as being semi-natural, and it is often unclear exactly where, or
how, demarcations have been drawn. Because of difficulties in differentiating between natural
and plantation forests, particularly in European countries, the temperate and boreal species
distribution presented here is only indicative9.
 
 Compared with tropical and subtropical forest plantations, softwood species comprise a
greater proportion of temperate and boreal plantations. The most important species fall into
the Spruce-Pine-Fir (SPF) category with 66.9 percent of temperate plantations comprising

                                                
 9 In countries where difficulties arise in differentiating between plantation and natural forest data it has

been assumed the plantation species distribution mirrors the overall national species distribution. This
assumption is not anticipated to markedly skew the global summary presented in Table 3, because broad
species breakdowns are available for all of the countries with the largest forest plantation resources.
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SPF species. Pines are, by far, the most common plantation species, constituting around 54
percent of the temperate and boreal plantation resource. Pines are widely distributed
throughout temperate regions with the largest resources in the United States of America
(almost 17 million hectares, mainly the south) and countries of the former-USSR
(11.5 million hectares). A number of other countries have, however, significant pine
plantations. Spain, New Zealand, Japan and the Republic of Korea have each planted more
than one million hectares of pines in forest plantations (as has Chile, included in the tropical
and subtropical grouping).
 
 Spruce and fir species are also mainly planted in the Russian Federation and the United States
of America. European countries, most importantly the United Kingdom and Ireland, also have
significant spruce resources. Japan has the largest plantation resources of cypress, cedar and
larch species, plus significant areas of indigenous sugi (Cryptomeria japonica) and hinoki
(Chamaecyparis obtusa). The most important temperate and boreal hardwood species groups
are Quercus and Fagus species. These genera are estimated to account for 6.8 percent of
temperate and boreal plantations. Table 3 presents a species breakdown for temperate and
boreal forest plantations in 1995.
 
Table 3 Areas of temperate and boreal forest plantations by species in 1995

 Species  Percentage of
total area

 Area
 (in ha)

 Pinus species (pines) 54.3% 37,068,804
 Picea and Abies species (spruce/fir) 12.6% 8,632,269
 Larix species (larch) 3.9% 2,644,438
 Cupressus and Chamaecyparis species (cypress) 3.5% 2,375,260
 Cedrus and Cryptomeria species (cedar) 7.8% 5,355,310
 Other softwood species 6.8% 4,659,592
 Eucalyptus species 0.6% 382,228
 Quercus species (oak) 5.6% 3,839,151
 Fagus species (beech) 1.2% 820,357
 Betula species (birch) 0.3% 238,230
 Other hardwoods 3.4% 2,297,497
 TOTAL 100.0% 68,313,135

 Source: Author.

 
2.4 Trends in the area of forest plantations

Changes in the area of forest plantations vary between years and between countries. This
variation is driven by a number of factors, including: government finances; general economic
conditions; incentives offered to the private-sector to establish forest plantations; perceptions
of the profitability of forest plantation investments; and levels of promotional activities.

In the long-run it would be expected that the absolute area of new planting will decline as
countries and investors reach a saturation point (i.e. in economic terms when the marginal
benefits of establishing more forest plantations equals the marginal costs of doing so). In the
short-run however, changes in planting rates may occur as a result of structural changes in the
economic environment or investor perceptions. For example, in New Zealand, annual new
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planting for the period 1993-1997 averaged 75,000 hectares compared with 23,000 hectares in
the previous five-year period. This occurred largely because of changes in the perceived value
of forest plantations. Similarly, changes in social or environmental factors may generate
short-run changes in forest plantation establishment activities or may move the rate of new
planting onto a different trend line. For example, if forest plantations become a viable option
for carbon sequestration projects, there may be an upward shift in annual rates of new
planting in a number of countries.

 
2.4.1 Historical planting rates
 
 Historical estimates of the global forest plantation area are not generally comparable with the
current analysis, due to difficulties in defining and classifying forest plantation resources and
the generally weak data on areas of new planting, restocking and mortality. As noted earlier,
the definition of a forest plantation is problematic in developed countries, while data
discrepancies tend to distort statistics for developing countries. Consequently, even recent
estimates of the global forest plantation area vary markedly and there are significant
discrepancies in reported areas for a number of countries. For example, Solberg et al (1996)
produced an estimate of the global forest plantation area in 1990 of 129.6 million hectares10

and Pandey and Ball (1998) produced an estimate of 138 million hectares for 1995.11

 
 In terms of earlier estimates of forest plantation areas, a study by Lanly and Clement (1979),
which estimated trends in industrial forest plantation areas in tropical countries to the year
2000, is of particular interest. Lanly and Clement developed "baseline" estimates of forest
plantation areas for 1970 and 1975 (from the best available data at the time) and produced
projections from these of forest plantation area by five-yearly intervals through to 2000.
Comparing the estimated industrial forest plantation area in 1995 with their projections (for
the same set of countries), their projections appear to have been remarkably accurate (see
Figure 4). Therefore, it seems reasonable to assume that, for these countries, forest plantation
development since 1970 has roughly followed their projections.
 
Table 4 shows some estimates of industrial forest plantation establishment in selected
countries and highlights several discernible trends that characterise forest plantation
establishment in many other countries. Japan and Korea for example, are both countries with
relatively high population densities, which have replenished their diminished forest estates. In
both countries, rates of plantation establishment have declined quite rapidly as national
targets have been achieved. Conversely, forest plantation establishment in Myanmar has
accelerated significantly since 1980, with the implementation of a large-scale centralised
forest planting programme. Rates of planting in Australia, Chile and New Zealand have
fluctuated according to various institutional, legislative and economic changes. Planting rates
in Australia show a modest downward drift, while interestingly, planting rates in New
Zealand and Chile follow a similar pattern of peaks and troughs.

                                                
10 The bulk of variation between the Solberg et al estimate and the figures presented here is in the estimated

areas of forest plantations in China and some countries in Europe and the former-USSR.

11 Including significant additional areas of forest in the United States of America and Canada as forest
plantations, but excluding some areas in Western Europe.
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Figure 4 Projected area of industrial forest plantations in the tropics 1970-2000

 Sources: Lanly and Clement (1979); Pandey (1997); and Author.

Table 4 Estimates of industrial forest plantation establishment in selected countries

 Country or region  Area in  Estimated annual rate of establishment
  1970

(‘000 ha)
 1971-75
 ('000 ha)

 1976-80
 ('000 ha)

 1981-85
 ('000 ha)

 1986-90
 ('000 ha)

 1991-95
 ('000 ha)

 All tropical countries  3,100  322.0  364.0  456.0  524.0  472.0
 Myanmar  70  2.8  6.3  26.8  28.9  29.7
 Australia (conifers only)  n.a.  33.9  35.0  32.6  32.3  18.6
 New Zealand  465  30.2  46.0  49.8  33.2  43.4
 Chile  n.a.  49.0  78.4  84.8  77.0  116.5
 Republic of Korea  1,480  167.9  150.9  107.3  66.7  39.7
 Japan  8,260  274.8  190.2  133.0  79.0  53.6

 Notes: The total for tropical countries is  from Lanly and Clement (1979) and the author has compiled other
estimates. The estimates for Myanmar, Australia, Chile and Republic of Korea include replanting.
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2.4.2 Planting rates in the tropical and subtropical zone
 
 Pandey (1997) reports annual rates of plantation establishment in tropical and subtropical
countries of slightly more than 4 million hectares in 1995 (see Table 5). About 1.7 million
hectares of this is in the tropics and 2.4 million hectares occurs in the subtropics. However,
some of this planting is replanting of harvested or failed areas.12 Pandey notes a general
decline in the annual rate of planting in most tropical countries compared with the 1990
Forest Resource Assessment (which estimated annual planting of 2.6 million hectares in the
tropical zone).
 
Table 5 Estimated annual planting in 1995 in tropical and subtropical countries with

major planting programmes

 Africa  South and Central America  Asia
 Country  Area

 ('000 ha)
 Country  Area

 ('000 ha)
 Country  Area

 ('000 ha)
 Algeria  100  Argentina  30  Australia  25
 Morocco  30  Brazil  100  China  2,000
 South Africa  20  Chile  100  India  750
 Sudan  40  Cuba  25  Indonesia  250
 Tunisia  20  Peru  20  Malaysia  20
   Uruguay  40  Myanmar  32
   Venezuela  30  Pakistan  30
     Philippines  22
     Thailand  40
     Vietnam  120
 Total  288  Total  400  Total  3,329

 Source: Pandey (1997).

 
2.4.3 Planting rates in the temperate and boreal zone
 
 Aggregated global statistics on historical trends plantation establishment in the temperate and
boreal zone are not available, particularly because of difficulties with the definition of forest
plantations in North America, Europe and countries of the former-USSR. Nonetheless, it is
fair to say that, with a few exceptions,13 there is a longer history of the establishment and
management of forest plantations in the temperate and boreal zone than in the tropical and
subtropical zone. For example, Figure 4 shows that the bulk of forest plantations in the
tropics and subtropics have been planted since 1970. In contrast to this, several European
countries, such as the United Kingdom14 and Germany (see Box 1), have two centuries or
more of plantation experience. The United States of America, New Zealand, Australia and

                                                
12 The proportion of this planting that is replanting is uncertain, but believed to be quite large in some

countries.

13 For example, teak plantations in India, which were first established in 1840.

14 For example, in 1698, the United Kingdom passed an Enclosure Act: for the Increase and Preservation of
Timber in the New Forest. This Act authorised the establishment of 2,000 acres of forest plantations in
Southern England.
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South Africa all established significant areas of forest plantations before 1930. Japan
commenced the bulk of its reforestation programme in 1946 and several North African
countries commenced planting around the same time. The Republic of Korea started
establishing large areas of forest plantations in 1962. The main exceptions in the temperate
and boreal zone are the countries of the former-USSR, where the majority of forest
plantations appear to have been established since 1970.
 
Box 1 A brief history of plantation forestry in Germany
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Source: Killmann (1999).

 
2.5 The age-class structure of forest plantations at the global level
 
 Because of the lack of aggregate national forest plantation inventories for most countries, it is
very difficult to compile detailed information about forest plantation age-classes at a global or
even regional level. Consequently, FAO has not published a comprehensive age-class analysis
since the 1980 Tropical Forest Resource Assessment. However, a large amount of
uncoordinated information about the age of forest plantations exists in various forms across
countries and regions. This information is very variable in terms of its reliability and how
recently it has been produced.
 
 Two of the main purposes of this paper are to address this information gap by collecting and
collating whatever plantation age-class data is available and to utilise this information to
produce a forecast of potential production from forest plantations. It should be emphasised
that the age-class structures presented here have been developed using a significant amount of
data manipulation. The intention of this work has been to produce estimated age-class
structures that are broadly representative of the "shape" of the age-class distribution in
countries. The methodologies used to collect and analyse all of this information are described
in Appendix 1 and Appendix 2.
 

In Northern Germany, oaks have been planted around farmsteads since medieval times, providing acorns for
pig-feed, bark for tanning, and construction timber for future generations. In the 13th century, this experience
was applied on a larger scale, in an attempt to reproduce forests on clear-felled areas.

The first recorded forest plantations in Germany were plantations of oak, for example: in 1343 near
Dortmund; in 1357 on the Dresden Heath; and in 1398 in the City Forest of Frankfurt. The sowing of oak and
beech continued in all parts of Germany up to the early 17th century. To cope with depleted soils and to
provide timber for construction, mining and other industrial uses, conifers growing on shorter rotations were
introduced as early as 1368, when several hundred acres of the Lorenzer Forest near Nuremberg was sowed
with Pinus sylvestris. This was the starting point for a large-scale conversion of Germany’s mixed broadleaf-
forests (oak-beech) into pine, spruce or fir monocultural forests. Most of Germany’s forests of today have
their origins in this reforestation.

Since the beginning of the 20th century, monoculture stands have been encouraged to revert into mixed stands
with uneven age-structures. Germany now regards all of its forests to be “semi-natural” in terms of the
definitions of different types of forest used in the temperate and boreal forest component of FRA 2000.



Christopher Brown

The global outlook for future wood supply from forest plantations

18

 
2.5.1 The age-class structure of industrial forest plantations
 
 Industrial forest plantations are defined as plantations with the primary purpose of supplying
industrial roundwood for the production of sawnwood, wood based panels and wood pulp.
Assuming that all of the forest plantations in Europe and countries of the former USSR are
industrial forest plantations,15 the estimated global area of industrial forest plantations in 1995
would be 103.3 million hectares or 84 percent of the total forest plantation area.
 
Figure 5 Estimated industrial forest plantation age-class structure by region in 1995

 Source: Author.

 Figure 5 shows the estimated industrial forest plantation age-class structure by geographical
region in 1995. This figure demonstrates two dominant features of the distribution of
industrial forest plantations that are worth noting.
 
 Firstly, the figure shows the substantial area of forest plantations in Asia compared with the
other regions. The dominance of Asia in the global picture is particularly noticeable in the
area of forest plantations established in the past decade. Forest plantations in Asia comprise
40 percent of the global total shown in Figure 5 and just under 60 percent of the forest
plantations established since 1985.
 
 The second conspicuous feature of Figure 5 is the very high proportion of industrial forest
plantations under 15 years old, particularly in developing countries. Overall, 54 percent of

                                                
15 A few countries in Europe (e.g. United Kingdom; Netherlands; and Denmark) have established forest

plantations for use as community forests. However, these areas are relatively small. It is also likely that even
these areas will probably eventually be felled and are unlikely to be used much for fuelwood. This is,
therefore, a reasonable assumption to make.
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industrial forest plantations are less than 15 years old, with 21 percent planted between 1990
and 1995. Conversely, only 2 percent of industrial forest plantations are estimated to be more
than 50 years old, with a further 16 percent between 30 and 50 years old. This feature is
largely the result of increased new planting in recent years, but also reflects the harvesting of
mature plantations in the older age-classes and a general shortening of rotation lengths in
many countries. A significant factor in the temperate and boreal zone is also likely to be the
reclassification of industrial forest plantations as semi-natural forests under the definitions
used in FRA 2000. Nonetheless, the area of industrial forest plantations over 50 years old is
almost exclusively in temperate and boreal zone. Countries with significant areas of industrial
forest plantations established before 1946 include: the Russian Federation; Ukraine; France;
Portugal; Denmark; Ireland; and South Africa.
 
 
2.5.2 The age-class structure of non-industrial forest plantations
 
 Non-industrial forest plantations include forest plantations established to produce wood for
fuel, plus forest plantations established for reasons other than wood production. Such reasons
include: soil and water protection; recreational purposes; and the production of non-wood
forest products (e.g. plantations of Acacia senegal, which are used to produce gum arabic).
The classification used in this analysis excludes plantations of agricultural tree crops, fruit
orchards and "non-forest species", such as oil palm, rubberwood and coconut.16

 
 Almost all non-industrial forest plantations are likely to be cut at some point, regardless of
their original main purpose. The roundwood from such areas may be utilised for wood fuel or
for industrial purposes. In some instances, forest plantations that were originally planted to
produce wood for fuel are now being used to produce industrial roundwood. One such case is
the Republic of Korea where, in the 1960s, more than a million hectares of forest plantations
were established to supply wood for fuel. Today, however, wood fuel consumption in
Republic of Korea is relatively low and these forest plantations are mainly being used for the
production of pulpwood.
 
 Following the assumption that all forest plantations in Europe and countries of the former
USSR are industrial forest plantations, the total area of non-industrial forest plantations in the
other five geographical regions completes the global picture of the forest plantation resource.
The total estimated area of non-industrial forest plantations in 1995 is 20.4 million hectares,
accounting for 16.6 percent of the total forest plantation area.

                                                
16 A separate thematic study in the Global Forest Products Outlook Study will specifically examine trends for

these and other non-forest species and trees outside of forests.
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Figure 6 Estimated non-industrial forest plantation age-class structure by region in 1995

  Source: Author

 Figure 6 shows the estimated non-industrial forest plantation age-class structure by
geographical region in 1995. The main features of the distribution of non-industrial forest
plantations are the same as those described for industrial plantations above (see: Figure 5).
That is, the preponderance of non-industrial forest plantations in Asia and the high proportion
of non-industrial forest plantations that are less than 15 years old. However, in the case of
non-industrial forest plantations, these features are even more pronounced.
 
 Non-industrial forest plantations in Asia account for 74 percent of the total global area of
non-industrial forest plantations. South America and Africa account for the majority of the
remainder, with a 14 percent and 10 percent share of the global total respectively. The
proportion of non-industrial forest plantations that are less than 15 years is just under
84 percent of the total.
 
 There is greater uncertainty about the age-structure of non-industrial forest plantations given
above, compared with the estimates given earlier for industrial forest plantations. Practices
such as coppicing and the production of roundwood on a continuous thinning cycle make it
difficult to estimate restocking from harvesting figures and may lead to inaccuracies in the
estimation of age-classes. Such practices are probably more common in forest plantations
grown for wood fuel and for non-productive reasons, than in industrial forest plantations.
Therefore, these figures must be treated with a certain amount of caution.
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2.6 More detailed information about forest plantations by region
 
2.6.1 Forest plantations in Asia
 
 Asia has by far the largest industrial forest plantation resource in the world. However, the
bulk of the resource is concentrated in a handful of countries. The three countries with the
largest industrial forest plantation resources - China, India and Japan - account for 77 percent
of the total area of industrial forest plantations in the region.
 
 It is also interesting to note that the composition of forest plantations in each of these three
countries is very different. For example, Japan places a great deal of emphasis on the
protection functions of forests (one-third of the forest area in Japan is classified as protection
forest). However, this does not generally exclude the production of roundwood in Japan, so
all of the forest plantation area in Japan has been classified as industrial forest plantation in
this analysis. In contrast, two-thirds of the total forest plantation area in India has been
planted for reasons other than industrial roundwood production (mostly for wood fuel
production) and this area has been classified as non-industrial forest plantation in this study.
 
 Figure 5 showed that the majority of the area of industrial forest plantations in Asia is less
than 15 years old. This is largely accounted for by a very rapid acceleration in industrial forest
plantation establishment in China in recent years and due to the short rotations generally used
there. At the other end of the scale, industrial forest plantations in Japan account for most of
the areas in the older age-classes (see Figure 7).
 
Figure 7 Estimated industrial forest plantation age-class structure in Asia in 1995

 Source: Author.

 In Japan, around 45 percent of the total forest area (just over 1 million hectares) is classified
as forest plantation and almost all of this area was planted in the period of post-war
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reconstruction. The main species in these forest plantations are Sugi (Cryptomeria japonica),
Hinoki (Chamaecyparis obtusa), pine and Japanese larch (Larix leptolepis). A significant
proportion of this forest plantation area is mature or close to maturity (e.g., 54 percent of the
area is over 30 years old). However, as Ishihara (1998) notes:
 

 (In Japan)… during the last three decades, the price of wood has been unable to
keep pace with the costs of forestry activities. For example, in the past 15 years,
plantation costs have more than doubled while stumpage prices for typical
Japanese coniferous "Sugi" declined by almost half.…At the current level of wood
prices, it is estimated that 35.4% of private forests (6.1 million ha.) and 53.7% of
national forests (4.2 million ha.) can be profitably harvested.

 
 Ishihara suggests that a rapid increase in roundwood production from these mature forest
plantations in Japan is highly unlikely given current levels of costs and prices. If the area of
mature forest plantations in Japan were removed from Figure 7, then the figure would show
that almost all of the remaining industrial forest plantation area in Asia has been planted since
1980.
 
 The establishment of forest plantations in China has accelerated rapidly since 1980 in
response to a Central Committee Directive on Vigorously Carrying Out Tree-Planting and
Afforestation. Almost all of the area of industrial forest plantations in China has been planted
since this Directive was issued. For example, Shi et al (1998) note that:
 

 between 1988 and 1992, 16.17 million hectares of timber plantations were
established, of which 2.5 million hectares were fast growing and high yield timber
plantations.

 
 More than 80 percent of the forest plantation area in China is planted with species that can be
used by industry. Cunninghamia lanceolata is the predominant species, along with a variety
of pine species.
 
 India, the country with the second largest area of forest plantations in the Asia region, has
very different objectives for the establishment of forest plantations. More than two-thirds of
the forest plantation area in India is classified as non-industrial forest plantation and much of
this area has been planted for the production of wood fuel. Not surprisingly, fast growing
hardwoods, in particular Acacia and Eucalyptus species, dominate forest plantations in India.
Teak (Tectona grandis) is the most important species planted in industrial forest plantations
in India, covering a total area of around 1 million hectares.
 
 As in India, a high proportion of forest plantations in Pakistan and Bangladesh has been
designated for wood fuel production. Pakistan is also similar to India in that a high proportion
of forest plantations have been planted with Acacia and Eucalyptus species, but a significant
proportion of the forest plantation area has also been planted with Dalbergia sissoo. Forest
plantations in Bangladesh are dominated by species that grow in mangroves, but Bangladesh
also has around 70,000 hectares of Teak in forest plantations.
 
 Other Asian countries with over one million hectares of forest plantations include: Indonesia;
Democratic People's Republic of Korea; Republic of Korea; Turkey; and Vietnam.
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 Indonesia has around 3 million hectares of forest plantations, most of which are industrial
forest plantations. A considerable range of species has been planted in Indonesia, the most
common of which are: Tectona grandis; Acacia mangium; and Pinus merkusii.
 
 The Democratic People's Republic of Korea has established 2.2 million hectares of forest
plantations, with Larix leptolepis and Pinus koriaensis accounting for around 60 percent of
the resource. The Republic of Korea has planted slightly more than 2 million hectares with
Larix leptolepis and Pinus koriaensis also dominating the resource, although a considerable
area has also been planted with populus species.
 
 The forest plantation resource in Turkey amounts to 1.9 million hectares, comprised mainly of
pine species. The most significant species planted in Turkey are Calabrian pine (Pinus brutia)
and Stone pine (Pinus pinea).
 
 Vietnam has established 1.05 million hectares of forest plantations containing a variety of
species, of which Pinus and Eucalyptus species are the most common.
 
 
2.6.2 Forest plantations in Africa
 
 The majority of forest plantations in Africa have been established in South Africa (1.4 million
hectares) and in the Mediterranean countries of North Africa. In North Africa the countries
with the largest area of forest plantations are: Algeria (0.6 million hectares); Morocco
(0.6 million hectares); Tunisia (0.3 million hectares); and Libya (0.2 million hectares).
Collectively these countries account for 55 percent of all forest plantations in Africa. Forest
plantations are, nonetheless, widely distributed amongst other countries in Africa, with
another 16 countries having more than 0.1 million hectares of plantations.
 
 South Africa's plantations largely comprise Pinus, Eucalyptus and Acacia species
(particularly: Pinus patula; Pinus elliottii; Pinus radiata; Eucalyptus grandis; and Acacia
mearnsii). Other countries in Southern Africa (including: Swaziland; Zimbabwe; and Malawi)
have also established significant areas of forest plantations with similar species compositions
as South Africa.
 
 The plantations of North Africa tend to be of very slow growing species suited to arid and
semi-arid conditions. A considerable amount of planting has been carried out in dune
stabilisation projects in an attempt to halt desertification. The Algerian "green dam" project is
particularly notable in this regard. Indeed, although very little information is available about
this resource, the second largest industrial forest plantation resource in Africa is in Algeria.
The predominant species grown in Algeria are, however, very slow growing. The most
common species used are Cork oak (Quercus suber) and Aleppo pine (Pinus halepensis).
Other common forest plantation species used in North African countries include: Pinus
halepensis; Pinus brutia; Eucalyptus camaldulensis; Eucalyptus globulus; Eucalyptus
gomphocephala; and many species of Acacia.
 
 Africa has the highest proportion (36 percent) of non-industrial plantations to total plantations
of all the geographical regions and probably the highest proportion of forest plantations used
for wood fuel production. In particular, Sudan, Ethiopia and Rwanda, are countries with
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relatively large areas of forest plantations used for wood fuel, which are mostly planted with
Eucalyptus or Acacia species.
 
 Several special purpose species are also grown extensively in African plantations. Cork oak
(Quercus suber) is widely planted in Algeria; Acacia senegal (a source of gum arabic) is
grown in plantations in Sudan, Senegal and several other Sahelian countries; and Acacia
mearnsii (wattle) is grown for its bark in South Africa, Zimbabwe and Swaziland.
 
 The estimated industrial forest plantation age-class structure in Africa in 1995 is shown in
Figure 8. As this figure shows, the structure of age-classes in industrial forest plantations in
Africa contains slightly larger areas in younger age classes, reflecting increases in planting
rates in recent years. However, the proportion of younger industrial forest plantations is not as
great as in Asia. In the older age classes, South Africa accounts for the largest share of
industrial forest plantations. In fact, 79 percent of all industrial forest plantations over 30
years old are in South Africa.
 
Figure 8 Estimated industrial forest plantation age-class structure in Africa in 1995

  Source: Author.
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2.6.3 Forest plantations in Oceania
 
 The most comprehensive information about forest plantations at a regional level can be found
in Oceania. Australia and New Zealand account for 95 percent of forest plantations in the
region, having areas of 1 million hectares and 1.5 million hectares respectively. Both of these
countries have recently produced comprehensive inventories of their forest plantations, giving
numerous details of their plantation forest resources. The other country in the region with a
significant area of forest plantations is Fiji, with 0.1 million hectares of forest plantations.
 
 The main species used in forest plantations in Oceania is Pinus radiata, which accounts for
91 percent of the forest plantation area in New Zealand and 62 percent in Australia. Other
pine species, most notably Pinus caribaea in Fiji and Pinus caribaea and Pinus oocarpa in
Northern Australia, account for most of the rest of the forest plantation area that is planted
with softwoods. Eucalyptus is the most common hardwood planted in forest plantations in the
region and is found mostly in Australia. However, Fiji also has significant areas of forest
plantations containing Mahogany (Swietenia macrophylla) and Teak (Tectona grandis).
 
Figure 9 Estimated industrial forest plantation age-class structure in Oceania in 1995

  Sources: New Zealand Ministry of Forestry; Australian National Forest Inventory; and Author.

 The estimated industrial forest plantation age-class structure in Oceania in 1995 is shown in
Figure 9. The age-class structure is more balanced than in most of the other regions, due to an
early recognition of the role that forest plantations could make in meeting the region's demand
for wood. Both New Zealand and Australia began establishing forest plantations before 1930
and significant areas are currently reaching maturity or are already into second or third
rotations. The predominance of areas under 35 years old in the region reflect the rotation ages
typically used in forest plantations in the region (i.e. a significant proportion of these areas are
replanted areas rather than areas of new planting). New Zealand, Australia and Fiji all
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anticipate significant increases in wood production from their industrial forest plantations
during the next decade.
 
 
2.6.4 Forest plantations in North and Central America
 
 The United States of America accounts for nearly all of the forest plantation area in North and
Central America, with a total area of 18.4 million hectares.17 Among the other countries in the
region, only Cuba (with 0.4 million hectares), Mexico (0.2 million hectares) and Costa Rica
(0.1 million hectares) have significant areas of forest plantations.
 
 The bulk of forest plantations in the United States of America  (90 percent) are located in the
Southeast and South-central regions and around 85 percent of forest plantations in the United
States of America are planted with pine species. Loblolly pine (Pinus taeda), Shortleaf pine
(Pinus echinata), Longleaf pine (Pinus palustris) and Slash pine (Pinus elliottii) are the most
common species found in these forest plantations.
 
 Cuba, Costa Rica and Mexico have all planted a variety of species in their forest plantations.
In Cuba, fast-growing pine species (notably Pinus caribaea, Pinus tropicalis and Pinus
cubensis) account for 48 percent of the forest plantation area. The main species planted in
Costa Rica is Gmelina arborea (accounting for 34 percent of the forest plantation area),
although significant areas have also been planted with Teak (Tectona grandis) and alder
(Alnus acuminata). In Mexico, pines (including: Pinus patula; Pinus ayacahuite; and Pinus
strobus var. chiapensis) account for most of the area of forest plantations planted with
softwood species. A wide range of species (including: Eucalyptus; Acacia; and Casuarina
species) can be found in the forest plantations planted with hardwoods.
 
 The vast majority of forest plantations in the United States of America and Costa Rica are
classified as industrial forest plantations. In contrast, more than 40 percent of forest
plantations in Cuba and more than 60 percent in Mexico are classified as non-industrial forest
plantations (Pandey 1997).
 
 The estimated industrial forest plantation age-class structure in North and Central America in
1995 is shown in Figure 10. This figure shows that forest plantations in the United States of
America dominate the age-class distribution in North and Central America, where about 77
percent of forest plantations are less than 20 years old.
 
 Again, the distribution of areas amongst different age-classes is relatively balanced. In total,
nearly all of the forest plantation area in the region is less than 30 years old (reflecting
rotation ages used in most of the region) and some of these areas are second or third rotation
forest plantations. For example, much of the forest plantation area in Cuba and Mexico was
first planted in the mid to late 1950s, although the majority of these areas are now less than 20
years old (i.e. most areas are now into their second rotations). The exception to this is Costa
Rica, which reported only 2,700 hectares of forest plantations in 1980 in the 1980 Tropical
                                                
 17 In the information provided for the temperate and boreal component of the FRA2000, none of the forest area

in Canada is classified as forest plantations. Consequently, Canada is not included in this analysis. However,
under alternative definitions of forest plantations, up to 6.8 million hectares in Canada has been classified as
forest plantation. For example, the Canadian Forest Service (1998) reports that 5.86 million hectares of
forest was directly planted or seeded between 1981 and 1995.
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Forest Resource Assessment (FAO, 1981b). This suggests that the majority of forest
plantations in Costa Rica have been established in the past 15 years.
 
Figure 10 Estimated industrial forest plantation age-class structure in North and Central

America in 1995

  Source: Author.

 
2.6.5 Forest plantations in South America
 
 The total estimated area of forest plantations in South America in 1995 is 8.2 million
hectares. The following three countries account for 82 percent of this resource: Brazil (with
4.2 million hectares); Chile (1.7 million hectares); and Argentina (0.8 million hectares).
However, despite the dominance of these three countries, large areas of forest plantations can
also be found across most of the rest of the region, with 8 of the other 13 countries in South
America having more than 0.1 million hectares of forest plantations each.
 
 The most common species used in forest plantations in South America are fast-growing Pinus
and Eucalyptus species. The total area of forest plantations planted with Eucalyptus is about
3.9 million hectares, closely followed by forest plantations of Pinus species, which account
for a further 3.5 million hectares.
 
 Although, for convenience, the whole region has been classified as tropical and subtropical
for this study, large areas in the southern part of the region are in the temperate forest zone.
The forest plantations in these areas are dominated by pines (most notably Pinus radiata,
Pinus elliottii, and Pinus taeda), which account for 49 percent of the forest plantation area in
Argentina and 78 percent in Chile. Pines also account for 80 percent of the tropical forest
plantation area in Venezuela, where the most common species used is Pinus caribaea.
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 Eucalyptus species are the most commonly used species in the remainder of the tropical and
subtropical zone in South America, accounting for 65 percent of the forest plantation area in
Brazil, 90 percent in Peru and 80 percent in Uruguay. Particularly common species include:
Eucalyptus globulus; Eucalyptus grandis; Eucalyptus saligna; Eucalyptus urophylla;
Eucalyptus deglupta; and the F-1 hybrids of the latter two species, which are used in the
tropical parts of Brazil.
 
 It is estimated that industrial forest plantations account for 74 percent of the total forest
plantation area in South America, while Brazil, Peru, and Uruguay have the largest non-
industrial forest plantation resources.
 
 The estimated industrial forest plantation age-class structure in South America in 1995 is
shown in Figure 11. The region is similar to the other tropical and subtropical regions, in that
the age-class distribution is dominated by areas in the younger age-classes, reflecting
increases in new planting in recent years. The area of forest plantations under 10 years old
accounts for 45 percent of the total industrial forest plantation area. An interesting feature of
the industrial forest plantation age-class distribution shown in Figure 11 is a small but
significant decline in planting rates since 1990, particularly in the four countries with the
largest forest plantation resources. It is most likely that this is a result of recent reductions in
various plantation incentive schemes in these and other countries in the region.
 
Figure 11 Estimated industrial forest plantation age-class structure in South America in

1995

  Source: Author.
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national forest inventories between forest plantations and other types of forest. For example,
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countries have reported forest plantation areas as part of the temperate and boreal component
of FRA 2000. However, in many cases, this is the first time that this has been attempted.
Consequently, it has been very difficult to collect and collate historical statistics on forest
plantation areas.
 
 The main difficulty encountered in this analysis has been to match historical information
about areas planted and replanted (from a search of the literature on each country), with the
areas of forest plantations reported in the temperate and boreal component of FRA 2000. This
is partly because it is suspected that many areas reported as forest plantations in the historical
data are now classified as semi-natural under the terms and definitions agreed for FRA 2000.
Therefore, it has been necessary to make a number of assumptions in order to resolve
discrepancies between the historical planting data and the data reported in FRA 2000. In
doing this, it has been assumed that areas recently reported as forest plantations are still
reported as forest plantations in FRA 2000, while areas planted some time ago may now be
classified as semi-natural forests.
 
 Sweden can be taken as an example of how this has been done. Widespread planting of Pinus
contorta in Sweden began in the early-1970s and Sweden now reports around 550,00 hectares
of forest containing this species. This number is very close to the 572,000 hectares of forest
plantations reported by Sweden in the FRA 2000. Consequently, it has been assumed that
most forest plantations in Sweden have been planted with Pinus contorta since 1970 and that
earlier recorded areas of forest plantations are now classified as semi-natural forests.
 
 Several countries in Europe do however, classify a high percentage of their forests as forest
plantations in FRA 2000. For example, Ireland and Malta classify 100 percent of their forest
area as forest plantations. Other countries reporting a high proportion of forest plantations
include: Denmark (92 percent of the total forest area); United Kingdom (57 percent); and
Belgium (46 percent). In contrast, several European countries with significant forest resources
report no forest plantations at all. These countries include: Austria; Finland; Germany; and
the Czech Republic.18  These countries are not included in this analysis.
 
 Five countries in Europe account for two-thirds of the area of forest plantations in Europe.
Spain has the largest forest plantation area with 1.9 million hectares, followed by the United
Kingdom (with 1.4 million hectares), Bulgaria and France (with 1.0 million hectares each)
and Portugal (0.8 million hectares).
 
 Spruce, pine and fir species account for the largest share of the forest plantation area in
Europe. Forest plantations in Spain and Portugal are dominated by pines (especially Pinus
pinaster, Pinus halepensis, Pinus pinea and Pinus radiata) and Eucalyptus species. The

                                                
18 In the temperate and boreal component of FRA 2000, the following clause has been added to the general

terms and definitions of forest plantations used for all other countries:

“excludes: stands which were established as plantations but which have been without
intensive management for a significant period of time. These should be considered semi-
natural.”

Presumably, significant areas of forest in these countries are considered to fall into this category and are,
thus, not considered to be forest plantations.
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United Kingdom has a high proportion of forest plantations planted with Sitka spruce (Picea
sitchensis) and Douglas fir (Pseudotsuga menziesii). In France, the most common species
used in forest plantations are Populus species, Norway spruce  (Picea abies) and Douglas fir
(Pseudotsuga menziesii).
 
 The estimated industrial forest plantation age-class structure in Europe in 1995 is shown in
Figure 12. As the figure shows, the distribution of forest plantation area across age-classes is
quite balanced in Europe, with significant proportions of the forest plantation area between 30
and 50 years old and over 50 years old. Of the five countries with the largest forest plantation
areas, France has the greatest proportion in older age-classes. Age classes in the United
Kingdom are fairly evenly distributed, while forest plantations in Spain, Portugal and
Bulgaria tend to have a relatively high proportion of younger aged forest plantations.
 
Figure 12 Estimated industrial forest plantation age-class structure in Europe in 1995

 Source: Author.

 
2.6.7 Forest plantations in countries of the former USSR
 
 The 15 countries of the former USSR have also been included in the temperate and boreal
component of FRA 2000 and all have reported that they have some areas of forest plantations.
The Russian Federation accounts for the largest share of forest plantations in this region (with
17.3 million hectares), but only 2 percent of forests in the Russian Federation are classified as
forest plantations. The Ukraine accounts for the next largest share in the region, with 47
percent of the total forest area classified as forest plantation. Belarus, Estonia, Latvia and
Lithuania have much smaller, though still significant, areas of forest plantations. Although the
other countries of the former USSR all report having small areas of forest plantations, very
little information is available about forest plantations in these countries, so they have been
excluded from the analysis.
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 Very little information is also available about the species composition of forest plantations in
this region. Pandey (1995) reported the following species composition for forest plantations
in the USSR in 1988: pines - about 52%; spruce - 24%; oak - 6%; and cedar - 1%. It is
unlikely that this species distribution has changed significantly since 1988.
 
 Information about the age structure of forest plantations in the Russian Federation is available
in the State Forest Account and much of this information has been made accessible through
forestry research projects carried-out at the International Institute for Applied Systems
Analysis (IIASA) in Laxenburg, Austria. For example, a time-series showing the accumulated
area of forest plantations is given in Shvidenko and Nilsson (1997) and, from this, an
approximate age-class structure for forest plantations in the Russian Federation can be
derived. Shvidenko and Nilsson note that, between 1961 and 1993, significant efforts were
made to establish forest plantations in the Russian Federation, but also that survival rates
were typically only 55 to 60 percent.
 
Figure 13 Estimated industrial forest plantation age-class structure in countries of the

former USSR in 1995

 Source: Author.

 Figure 13 shows the estimated industrial forest plantation age-class structure in countries of
the former USSR in 1995. A significant proportion (56 percent) of the area of forest
plantations in the Russian Federation was planted before 1973 and is consequently now over
25 years old. Afforestation efforts slowed markedly after 1988 and, given the dramatic fall in
roundwood production in the Russian Federation that has occurred since 1992, it seems
reasonable to assume that the rate of forest plantation establishment during the period 1990 to
1995 has been negligible. A similar pattern in forest plantation establishment can be seen in
the Ukraine, where large-scale afforestation and forest regeneration efforts took place
throughout the 1960s, but have subsequently been reduced, particularly after 1980.
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2.7 Forest plantation yields and rotation lengths
 
 In many countries, forestry policy has encouraged the development of forest plantations for
roundwood supply. In some cases, this has been done to meet rising demand where existing
supplies from the natural forest are very low (e.g., forest plantations for wood fuel production
in India). In others, forest plantations have been seen as an important supplement to supplies
from natural forests (e.g. Indonesia) or even as a complete substitute to them (e.g. New
Zealand). Given this trend, the following questions are becoming increasingly important for
the analysis of such policies:
 

•  what role are forest plantations currently playing in regional and global roundwood
supply;

•  what is the future potential supply of roundwood from forest plantations;

•  what are the ecological impacts of forest plantations and how sustainable is this model
of forestry development in the long run; and

•  what are the effects of forest plantations on forest values as a whole?

In attempting to shed some light on the former two questions, four variables are of
fundamental importance: the current and future likely area of forest plantations; the species
used in forest plantations; the age-class distribution in forest plantations; and the growth or
mean annual increment that can be expected in forest plantations. A number of additional
factors are also important, such as: the rotation lengths and silvicultural regimes used in forest
plantations; tree mortality; the potential for genetic improvements to increase yields; and the
overall quality of management in forest plantations, but these factors are largely subsidiary to
the main variables of forest plantation area and yield.

Previous sections have discussed the species composition, areas and age-class distributions
currently found in forest plantations around the world. This section examines the last of the
important variables identified above, namely the yields (and, associated with this, the rotation
lengths) typically achieved in forest plantations.

2.7.1 An overview of forest plantation yield estimation

In order to model future potential roundwood production from forest plantations, it is
necessary to have information about average forest plantation yields that might typically be
achieved under normal operational conditions. Unfortunately, such information is both scarce
and often imprecise.

A vast amount of literature is available about the yields of different species achieved in forest
plantation research trials and experiments. However, it is likely that the yields obtained in
forest plantations managed on a commercial scale will vary considerably from these results,
due to variations in land quality and the quality of establishment and silviculture. It is also
likely that, overall, commercial operations will achieve generally lower yields than those
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reported in the research literature, because the quality of establishment and silviculture is
likely to be lower in commercial operations.

Assessing the yields that might be obtained under normal operating conditions is crucial,
because a small variation in yield can have a major impact on final harvest volumes. For
example, if research results suggest that a species will grow at 7 m3/ha/ year, but only
5 m3/ha/ year is achieved in commercial operations, using the former figure would
overestimate final harvesting volume by 40 percent. Thus, at an aggregate level, it is
important to avoid overestimating likely potential roundwood yields (on the basis of research
results), which could result in biased forecasts of total future potential roundwood production.

A database of forest plantation yields by species and country is currently being constructed by
FAO. The database mainly focuses on tropical countries and is being developed in a stepwise
process, utilising data collected from literature searches, field visits, expert opinion and
review and, finally, refinement and validation of the yield estimates by national experts.
Because of the lack of statistical surveys of plantation yields at the national level, this process
relies heavily on expert opinion and judgement. However, it is believed that this approach
will result in estimates that are reasonably accurate, robust and reliable even if they are not
particularly precise.

The projections of future potential roundwood production from forest plantations (given in
Section 0 below) are based on the ranges of estimated average yield shown in Table 6 and
Table 7 below. In general, these tables contain estimates that are believed to be at the lower
end of the range of yields that might be achieved in the future. For example, in the projections
of future potential roundwood production from forest plantations in Brazil, yields of between
16 m3/ha/year and 25 m3/ha/year have been used for Eucalyptus species. However, the
Associação Brasileira de Celulose e Papel (1999) estimates that the average yield of
Eucalyptus species in forest plantations in Brazil is already 45 m3/ha/year. This difference
reveals a number of problems that arise when estimating average yields, such as: changes in
yields between earlier and later surveys; the breadth of surveys on which yield estimates are
based; and the question of whether data are derived from research plots or field surveys of
commercial operations. By taking the lower end of the range of future potential roundwood
production from forest plantations, it is believed that the results of the modelling exercise
reported in Section 0 below are unlikely to overestimate future potential roundwood
production from forest plantations.
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2.7.2 Forest plantation yields in the tropical and subtropical zone

Indicative forest plantation yields for hardwood species grown in the tropical and subtropical
zone are shown in Table 6. As the table shows, the species with the highest yields are
Eucalyptus species, Acacia mangium and Gmelina arborea. Species that produce roundwood
that is generally more valuable, such as Mahogany (Swietenia macrophylla) and Teak
(Tectona grandis), tend to have a lower yields than the lower value species.

The highest yields are generally found in South America, followed by Asia and Africa. This
variation probably reflects variations in the intensity and quality of management rather than
growing conditions.

The yield of pine species growing in the tropical and subtropical zone probably varies from
around 20 m3/ha/year for Pinus radiata in the temperate parts of South America and Australia
to between 12 m3/ha/year and 15 m3/ha/year for Pinus caribaea in Central and South
America.

As a general rule, plants and trees tend to grow more quickly in the tropical and subtropical
zone than in the temperate and boreal zone. Therefore, it would be expected that, in general,
yields would tend to be higher in the tropical and subtropical zone. However, the substantial
variability in the quality of planting sites in most countries can significantly affect yields. The
local climate, altitude and geomorphology, the suitability of a species for a site and the impact
of pests and diseases can also have significant effects on yields. Overall, the great variability
in yields that are currently achieved in the tropical and subtropical zone suggests that there is
considerable potential to increase the average yield of forest plantations in most countries in
the tropical and subtropical zone.

Current research into growing Eucalyptus species presents a good example of this potential.
Large scale forest plantations of Eucalyptus species rarely achieve yields of more than
25 m3/ha/year at present, but significant advances may well be achieved in the near future.
For example, trials of rooted Eucalyptus cuttings in Brazil have already been reported to give
yields of up to 100 m3/ha/year (South, 1998). However, there is uncertainty about the extent
to which such results can be translated into higher yields in large-scale forest plantations.
Another uncertainty is whether other problems (e.g. poor wood quality or susceptibility to
disease or windthrow) may arise in forest plantations of species with very high yields.

In addition to advances in genetics and plant breeding, there is also considerable scope for
increasing yields in tropical and subtropical forest plantations by improving forest plantation
management and investing in silvicultural treatments. For example, planting failure rates in
forest plantations in the tropical and subtropical zone are often high, with Pandey (1995)
reporting success rates of only 26 percent in the Philippines, 47 percent in Laos and 57
percent in Colombia and failure rates of up to 70 percent in some individual cases. A number
of other improvements could also significantly increase yields, such as: improving the
matching of species to sites; improvements in plant storage, handling and planting; and
investment in site preparation and soil improvement, weeding, pruning and thinning. Indeed,
improvements in these areas probably have more potential to increase yields and can be
applied across larger areas, than advances in genetics and plant breeding.
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Table 6 Indicative forest plantation yields by species and country for hardwood species
grown in the tropical and subtropical zone

 Species  Yield
 m3/ha/year

 Countries

 Acacia
auriculiformis

   6.5 - 10.0  Bangladesh, Benin, Haiti, India, Madagascar, Myanmar,
Philippines, Sierra Leone, Sri Lanka, Thailand and Vietnam

 12.0 - 19.0  Indonesia, Malaysia and Papua New Guinea Acacia
mangium    8.0 - 12.5  Bangladesh, Laos, Panama, Philippines, Sierra Leone, Sri Lanka

and Vietnam
 5.0 - 7.5  India and Vietnam Casuarina

species  1.5 - 2.5  Angola, Benin, Cuba, Kenya, Madagascar, Mauritius,
Mozambique, Senegal, Somalia and Thailand

 Dalbergia
sissoo

 3.0 - 5.0  Bangladesh, Bhutan, Burkina Faso, India, Nepal, Nigeria and
Pakistan

 16.0 - 25.0  Argentina, Brazil, Chile and Uruguay
 12.0 - 19.0  Australia, Rep Congo, Malawi, Papua New Guinea, South Africa,

Swaziland, Uganda, Zambia and Zimbabwe
 8.0 - 12.5  Burundi, China, Colombia, DR Congo, Costa Rica, Cuba,

Ecuador, El Salvador, Ethiopia, Gabon, Guatemala, Kenya,
Madagascar, Mauritius, Nicaragua, Nigeria, Pakistan, Paraguay,
Peru, Philippines, Solomon Islands, Tanzania, Thailand and
Venezuela

 6.5 - 10.0  Malaysia and Sierra Leone

 Eucalyptus
species

 4.0 - 6.0  Algeria, Angola, Bangladesh, Benin, Bolivia, Burkina Faso,
Cameroon, Cape Verde, Chad, India, Indonesia, Laos, Lesotho,
Mali, Morocco, Mozambique, Myanmar, Namibia, Nepal, Niger,
Rwanda, Senegal, Sri Lanka, Sudan, Togo, Tunisia and Vietnam

 Gmelina
arborea

 12.0 - 19.0  Belize, Bhutan, Bolivia, Brazil, Burkina Faso, Colombia, DR
Congo, Costa Rica, Cote D'Ivoire, Cuba, Dominica,  Gambia,
Ghana, Guatemala, Guinea, Indonesia, Laos, Liberia, Malawi,
Malaysia, Mali, Nicaragua, Nigeria, Philippines, Sierra Leone,
Solomon Islands and Venezuela

 Swietenia
macrophylla

 5.0 - 7.5  Bangladesh, Benin, Cameroon, Dominica, Fiji, Guatemala,
Indonesia, Jamaica, Nigeria, Philippines, Solomon Islands, Sri
Lanka, St Vincent and the Grenadines and Trinidad and Tobago

   8.0 - 12.5  Costa Rica and Cote D'Ivoire
   6.5 - 10.0  Rep Congo, DR Congo, Guinea, Nigeria, Papua New Guinea,

Senegal, Sierra Leone and Solomon Islands

 Terminalia
species

 5.0 - 7.5  Bhutan, India and Jamaica
   8.0 - 18.0  Belize, Colombia, Costa Rica, Jamaica, Nicaragua, Panama and

Trinidad and Tobago
 Tectona
grandis

 4.0 - 6.0  Bangladesh, Benin, Bhutan, Burkina Faso, Cote D'Ivoire,
Ecuador, Ghana, India, Indonesia, Laos, Liberia, Malaysia,
Myanmar, Nigeria, Papua New Guinea, Philippines, Senegal,
Solomon Islands, Sri Lanka, Sudan, Tanzania, Thailand, Togo
and Vietnam

 Notes: yields are expressed as mean annual increment (MAI) over the “likely” rotation length. It must be
stressed that these yields, which have been used in the modelling process, are provisional and are only very
broad estimates of expected average yields. Leech (1998) and the author have compiled these figures.



Christopher Brown

The global outlook for future wood supply from forest plantations

36

 

2.7.3 Forest plantation yields in the temperate and boreal zone

Information about forest plantation yields in temperate and boreal countries is presented in
Table 7. The table shows that the species with the highest yields are generally Eucalyptus and
Pinus species, particularly where they are grown in the warmer parts of the region. Again, the
generally more valuable hardwood species (Quercus and Fagus species) tend to have lower
yields.

Table 7 Indicative forest plantations yields by species and country in the temperate and
boreal zone

 Species  Yield
 m3/ha/year

 Countries

 18.0 - 24.0  New Zealand
   4.0 - 14.0  Japan, Portugal, Spain, Turkey, United Kingdom and United

States of America
   2.0 - 10.0  Belgium, Denmark, France, DPR Korea, Rep Korea, Latvia,

Libya, Lithuania, Sweden, Syria and Ukraine

 Pinus species

 1.0 - 5.0  Russian Federation
 12.0 - 18.0  Ireland
   8.0 - 16.0  Denmark, France, Turkey, Ukraine, United Kingdom and United

States of America

 Picea and Abies
species

   4.0 - 12.0  Latvia, Lithuania and Russian Federation
 Larix species    4.0 - 12.0  Japan, DPR Korea, Rep Korea, United Kingdom and United

States of America
 Cupressus and
Chamaecyparis
species

 2.0 - 8.0  Japan and Syria

 Cedrus and
Cryptomeria
species

   4.0 - 10.0  Japan, Latvia, Lithuania, Russian Federation, Turkey and
Ukraine

 10.0 - 15.0  Spain, Portugal and United States of America Eucalyptus
species    5.0 - 10.0  Libya and Syria
 Quercus species  2.0 - 8.0  France, Latvia, Lithuania, Portugal, Russian Federation, Spain,

Turkey, Ukraine, United Kingdom and United States of America
 Fagus species    2.0 - 12.0  Denmark, France, Spain, Turkey, United Kingdom and United

States of America
 Populus species    8.0 - 25.0  France and Italy
 Betula species    4.0 - 10.0  Rep Korea, Finland, Sweden, United Kingdom and United

States of America

Sources: various sources compiled by the author.

Populus species and Salix species (willows) also have potentially high yields. For example,
yields of over 40 m3/ha/year have been achieved in research plots planted with some Populus
species. However, these species are not generally used for industrial roundwood production
(except occasionally for pulpwood production), although Populus species are often planted to
provide shelter and soil and water protection and are sometimes used to produce wood fuel.
High-yielding Salix species are also attracting attention as potential bioenergy crops, in
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situations where they can be grown under short rotation coppice management systems on
cycles of three to five years.

Compared with the tropical and subtropical zone, forest plantations in the temperate and
boreal zone generally achieve lower yields. Indeed, as a general rule, the maximum potential
yield that can be achieved with any particular species is strongly and negatively correlated
with latitude. Thus, in general, forest plantation yields in temperate parts of the zone are
lower than in the subtropics and tropics, but generally higher than in the boreal region.

The main factor limiting yields in forest plantations in the temperate and boreal zone is
temperature and the length of the growing season. Therefore, latitude, aspect and altitude are
important constraints to yield, although other factors can also be the main constraint in some
areas. Such factors include general climatic conditions, such as wind speed and average
rainfall, along with site-specific factors, such as drainage, nutrient availability and soil depth.

Compared with tropical and subtropical zone, there is probably little scope for significantly
increasing yields in most countries in the temperate and boreal zone, with current levels of
technology. Improvements in plant breeding and genetics have produced some gains in yields,
but nothing like what has been achieved with Eucalyptus species in the topical and
subtropical zone. Again, improved forest management and investment in silviculture are
probably the two routes that could bring the greatest and most widespread gains in yields.
However, even these gains might be quite limited because temperate and boreal forest
plantations are already, on the whole, fairly well managed.

2.7.4 Rotation lengths in forest plantations

Where forest plantations are managed under a system of clearfelling and replanting, the
rotation length is the length of time between establishment (i.e. planting the trees) and
clearfelling the final crop. Under coppice and continuous cover or selection forestry systems,
the rotation length or cutting cycle is the length of time between major harvests of
roundwood.

Rotation lengths are determined by a number of factors, including:

•  growth rates (which are, in turn, determined by site productivity, silviculture, species,
thinning regimes and spacing);

•  desired wood and fibre properties;

•  site constraints (such as susceptibility to damage from wind);

•  socio-economic factors (such as amenity values and income from recreational
activities, that tend to increase as trees get older); and

•  the rate of return or profitability from roundwood production over the rotation.
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The last of these factors (i.e. profitability) is usually the most important factor affecting the
choice of rotation age in industrial forest plantations, closely followed by the growth rate or
expected yield of the forest plantation.

The literature on forest economics contains many references to the calculation of
economically optimal rotation lengths (for example, see: Johansson and Lofgren, 1985).
Generally speaking, rotation lengths tend to be shorter where forest plantation owners have a
higher preference towards the present rather than the future (i.e. they use a high interest rate
or discount rate to calculate the economically optimal rotation length) or, more generally,
where they seek to maximise the profitability of their forest plantations.

Figure 14 The effect of yield on the economically optimal rotation length for Pinus
species in forest plantations in Lithuania

Notes: cost and price data collected to produce these figures comes from Whiteman (1999). The exchange rate
in 1999 was 1 US$ = 4 Litas (Lt). The yield classes are expressed as top height in metres at 100 years old
(i.e. Pine-100-18 means 18 metres high at 100 years old). A rough estimate of maximum mean MAI in
m3/ha/year is also given in the legend (i.e. YC 4.2 means a maximum mean MAI of 4.2 m3/ha/year).

Economically optimal rotation lengths also tend to be shorter where yields are higher. For
example, Figure 14 shows the effect of yield on the economically optimal rotation length
(i.e. the rotation length at which net present value – in this case calculated using a 3%
discount rate - is maximised) for Pinus species in Lithuania. This falls from around 80 years
in the lowest yield class to 55 years in the highest yield class.

The concept of an economically optimal rotation length is mostly used in long-term planning
to determine when forest plantations should be harvested. In the short-run, rotation lengths
are often varied to take into account current market conditions. This is particularly the case in
single plantation blocks, where it is relatively easy to bring forward or delay final harvesting,

-4,000

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

4,000

5,000

6,000

30 40 50 60 70 80 90 100 110 120

Rotation age (in years)

N
et

 p
re

se
nt

 v
al

ue
 @

 3
%

 in
 y

ea
r 

of
 p

la
nt

in
g 

(L
t/h

a)

Pine-100-36
(YC 13.1)

Pine-100-33
(YC 11.4)

Pine-100-30
(YC 10.2)

Pine-100-27
(YC 9.0)

Pine-100-24
(YC 7.8)

Pine-100-21
(YC 6.1)

Pine-100-18
(YC 5.2)

Pine-100-15
(YC 4.2)



GFPOS Working Paper No. 3

The global outlook for future wood supply from forest plantations

39

but may occur less in larger forest plantations of mixed species and age-classes or where
forest owners face roundwood supply or cash-flow constraints.19

Other factors that can affect rotation ages are government regulations and changes in
technology. In some countries, rotation ages are specified in government regulations or are
implicitly enforced through harvesting regulations. For example, in Lithuania, current
regulations require forest owners to manage their forest plantations on rotations that are
somewhat longer than what would probably be economically optimal. A number of other
Central and Eastern European countries have similar regulations, which tend to be justified on
the grounds of the non-market benefits (i.e. amenity, protection and biodiversity values)
associated with older trees. In contrast, trends in technology tend to have the opposite effect
and are making it increasingly profitable to manage forest plantations with shorter rotation
lengths, by increasing the value and marketability of smaller sized roundwood (see, for
example, Box 2).

Box 2 “Millennium Forestry” - changing rotation lengths in New Zealand

Source: adapted from New Zealand Journal of Forestry (1999).

As the above discussion implies, there is currently an enormous amount of variability in
rotation lengths in forest plantations. In forest plantations managed under the clearfelling and
replanting system, rotation lengths range from about seven years (for some forest plantations
of Eucalyptus species grown for pulpwood production in South America) to more than 100
years (for many hardwood species and some softwood species grown in Europe). Cutting
cycles in coppice systems generally vary from five to 25 years, while cutting cycles under
continuous cover or selection forestry systems are usually at least 25 years in length.

Information collected as part of the literature search for this exercise included information
about rotation lengths typically used in each country by species and yield class. This
information has been used in the modelling exercise to estimate final felling ages and

                                                
19 Profit maximising strategies will vary according to the size and age-class structure of the forest plantations

managed by a single owner and their long-run management objectives. For example, an owner with many
forest plantations of varying age-classes will have a different cash-flow requirement and roundwood
production strategy to a smaller owner with a small forest plantation all of one age-class.

In 1998, the New Zealand company Carter Holt Harvey Ltd. (CHH), announced a change in its management
strategy for forest plantations of Pinus radiata over the next 20 years. Under its “Millennium Forestry”
strategy, CHH plans to plant 555 trees per hectare, with no pruning or thinning and harvest the trees when
they are 20 years old. This is a marked departure from the traditional New Zealand “Direct Sawlog Regimes”,
which tended to prune trees to 6 metres, thin to a final stocking of around 250 stems per hectare, and harvest
at ages 28-32. CHH believes that in 20 years price premiums for clearwood Pinus radiata will be smaller and
improvements in processing technology will enable unpruned wood and fibre to be profitably converted into
products that can compete directly with clearwood sawn timber.

In essence, the CHH strategy centres on economic rationality. The strategy seeks to maximise fibre
production and shorten the period between investment and realisation of returns. The strategy has created
considerable controversy in New Zealand, with critics arguing that assumptions on the value (and properties)
of shorter rotation trees might well be faulty and that, in terms of ecology, shorter rotation plantations move
further from “desirable” natural forest traits and closer to “undesirable” cropping paradigms.
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volumes by species and yield class in each country in the model.20 There is some uncertainty
associated with this information, but such uncertainty is likely to be less problematic for the
modelling of future roundwood production than, say, uncertainty about the estimated mean
annual increment, which would be compounded throughout the duration of a forest plantation
rotation.

2.8 Estimated current production potential from forest plantations

Based on all of the information described above, a simple production forecasting model has
been constructed for this exercise. This model produces projections of the volume of
roundwood that could be produced from the world’s forest plantations based on their area,
species, type, yield and age structure. It must be stressed that this is a projection of potential
production and that actual production may differ from this for a number of reasons. However,
due to the high levels of investment in forest plantations, it seems likely that most forest
plantations will be fully utilised for wood production and thus, that actual production will be
quite close to potential production.

2.8.1 Potential roundwood production by geographical region and plantation type

Current statistics collected about roundwood production do not differentiate between
roundwood produced from the natural forest and roundwood produced from forest
plantations. Thus, the production forecast model was first used to estimate how much
industrial roundwood might have been produced in 1995 in industrial forest plantations.
Based on the age structure of industrial forest plantations in 1995, the model suggested that
industrial forest plantations could have accounted for about 331 million cubic metres of
industrial roundwood production or about 22 percent of total global industrial roundwood
production.

Assuming that non-industrial forest plantations are used mainly for wood fuel production, the
model also suggested that non-industrial forest plantations could have produced about
86 million cubic metres of wood fuel or just over 4 percent of total global wood fuel
production.

Combining these two figures, the estimated total roundwood production potential from all
types of forest plantations is 417 million cubic metres or just over 12 percent of total global
roundwood production in 1995.

                                                
20 The modelling in this paper allows for harvesting to be distributed around an average rotation length and thus

mimics some of the uncertainty between planned and actual rotation lengths (see Appendix 2).
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Figure 15 Estimated potential roundwood production from forest plantations as a
percentage of actual production in 1995

Sources: FAO (1997b); and author.

Figure 15 shows the estimated potential roundwood production from forest plantations as a
percentage of actual production in 1995. This information is presented by geographical region
and by type of production (i.e. industrial roundwood – assumed to come from industrial forest
plantations - and wood fuel production – assumed to come from non-industrial forest
plantations). The figure shows a number of interesting features.

Firstly, the proportion of industrial roundwood that might come from industrial forest
plantations is much higher than the proportion of wood fuel production that might come from
non-industrial forest plantations. This difference appears at the global level and in all of the
regions and demonstrates the far greater importance of forest plantations to global industrial
roundwood supply than to wood fuel supply.

The second interesting feature is the difference in the importance of industrial forest
plantations to industrial roundwood supply in different regions. Industrial forest plantations
appear to have the greatest importance in Oceania, where up to 80 percent of industrial
roundwood may be coming from industrial forest plantations. They may also contribute up to
35 percent of industrial roundwood supply in Africa, 27 percent in South America and
23 percent in Asia. The high level of potential production from forest plantations in each of
these regions is due to a small number of countries in each case (i.e. Australia and New
Zealand in Oceania, Chile and Brazil in South America, China and Japan in Asia and South
Africa in Africa).

The final point of interest concerns the relative unimportance, at the global level, of forest
plantations for wood fuel production. In all of the regions, potential wood fuel production
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from non-industrial forest plantations is estimated to be less than 7 percent of total wood fuel
production. This is due to the relatively small area of non-industrial forest plantations. Indeed,
even this estimate may overstate the contribution of non-industrial forest plantations, because
many non-industrial forest plantations are actually planted for non-commercial purposes other
than wood fuel production and may not, therefore, be available for wood fuel production. On
the other hand, however, it is likely that a significant volume of wood residues from industrial
roundwood grown in industrial forest plantations will be burned as fuel. Furthermore, it must
be remembered that the production forecasting model estimates main stem yield volume
while, in reality, a much greater proportion of a tree's biomass is often used as fuelwood
(notably branches, twigs and tops). Thus, considering that these factors work in opposite
directions, the estimated potential production of wood fuel from non-industrial forest
plantations may not be all that inaccurate.

2.8.2 Estimated product mix from forest plantations

Generally, very little information is available about the mixture of roundwood sizes and
qualities that might be produced in industrial forest plantations and, consequently, the
products that might be produced from such wood. In only a few countries, where forest
plantations account for almost all industrial roundwood production, can this information be
easily obtained. For other countries, estimates can be made based on the forest plantation
species mixture, but these are likely to be highly speculative and potentially misleading.

Only five countries (Denmark; Ireland; New Zealand; Chile; and South Africa) have a
proportion of industrial roundwood production from forest plantations that is sufficiently high
enough to make a reasonably reliable assessment of the product mixture coming from their
forest plantations. Table 8 shows the mixture of products that is produced from industrial
roundwood in these countries.

Table 8 Product mix from forest plantations in selected countries in 1995
Country Total Proportion Industrial roundwood utilisation (%)

industrial
roundwood
harvest (m3)

coming from
forest

plantations (%)

Round-
wood

exports

Sawn-
wood

Wood-
based
panels

Wood
pulp

Mining
& other

uses
Denmark 1,797,000 ≈100.0 23.0 46.4 5.0 25.6 n.a.
Ireland 2,140,000 100.0 25.0 55.0 20.0 0 n.a.
New Zealand 17,627,000 99.0 31.4 31.5 7.4 29.7 n.a.
Chile 21,387,000 >85.0 40.0 31.4 4.0 24.6 n.a.
South Africa 17,600,000 100.0 13.3 29.6 n.a. 35.5 21.6

Source: derived from FAO (1997b).

Forest plantations in all five countries are predominantly planted with temperate zone
species21 and, consequently, the product mixtures coming from forest plantations in these
countries can not be used as a guide to what might be produced in tropical forest plantations.
Furthermore, it is quite likely that a very different product mix might be produced in
temperate forest plantations with very different species mixtures to these countries. However,
these figures illustrate some features that are worth noting.

                                                
21 In addition, forest plantations in the latter three countries are predominantly planted with Pinus radiata.
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Between 30 percent and 50 percent of industrial roundwood in New Zealand, South Africa
and Chile is used for the production of wood-based panels, wood pulp, mining and other uses.
Assuming that the majority of roundwood exports are exports of sawlogs, this would suggest
that pulpwood production from industrial forest plantations is, therefore, between 30 percent
and 50 percent, while sawlog production is between 50 percent and 70 percent. Denmark and,
in particular, Ireland appear to produce a slightly higher proportions of sawlogs (70 percent to
80 percent). Given that growth rates in the first three (Southern) countries are somewhat
higher than in the latter two, this would suggest that, where forest plantation yields are higher,
a greater proportion of the roundwood produced from forest plantations might be in the
pulpwood category.

As noted above, economic factors tend to favour using short rotations in forest plantations
which, in turn, tends to favour the production of pulpwood rather than sawlogs. However, as
the above differences demonstrate, where forest plantation yields are lower, it appears that
forest plantation owners tend to pursue a strategy of producing relatively more higher value
sawlogs and veneer logs. This may have something to do with the better structural qualities of
roundwood coming from slower growing forest plantations.
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ECONOMIC AND POLICY ISSUES IN FOREST PLANTATION DEVELOPMENT

This section provides an outline of some of the main issues and variables that will determine
whether, and where, forest plantation investment is likely to occur in the future. It presents a
broad comparative analysis of different economic mechanisms, incentive structures and
policies relating to forest plantations around the world, along with a discussion of the main
reasons for governments to encourage forest plantation development. The analysis also
explores some of the economic challenges to forest plantation development such as risk,
viable size and location, and cost and pricing issues.

Future patterns of private sector forest plantation investment (i.e. excluding direct state
planting) will largely depend on comparative advantage. However, when considering
comparative advantage, two different types of comparison must generally be made:

•  a comparison between countries (i.e. which countries appear to offer the best
conditions for forest plantation investment?); and

•  a comparison between forest plantation investment and other forms of investment in
each country (i.e. how does a forest plantation investment compare with, say,
investing in the local stock exchange?).

Considerations such as: the relative growth rates of forest plantations; harvesting and product
conversion efficiencies; economies of scale; and relative costs and prices, are most relevant to
the first type of comparison. Broader economic considerations, such as: the overall return on
the forest plantation investment; investment risk; and liquidity, may be more relevant to the
second consideration. These issues are further described and discussed below.

Incentive structures will certainly play a significant role in determining where comparative
advantage lies. Thus, the analysis also examines countries where government intervention
(either in the form of direct public-sector planting or incentives for private-sector planting) is
responsible for much of the increase in forest plantation areas. It also discusses the potential
role for forest plantations to meet countries obligations to reduce net carbon emissions under
the Kyoto Protocol and the effect that this might have on the outlook.

The main aim of this section is to provide, from an analytical perspective, a "checklist" of
variables that determine why forest plantations are (or are not) established in particular
countries. The purpose of this is to help countries to identify variables that have a strong
influence on forest plantation development so that they can try to influence these through
their forestry policies and other government policies.

2.9 Why plant trees?

Before getting into detail, it is first useful to note that there is a wide range of reasons for
planting trees and that the public and private sectors often have different reasons for doing so.
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2.9.1 Motivations for the private-sector to plant trees

In general, the primary motivation for the private sector to plant trees is to generate financial
benefits from their investment (although non-market factors can be important in some cases).
The benefits from planting trees may be direct, such as income from roundwood sales, or they
may be more indirect. Examples of the latter include:

•  the benefit of having a secure wood supply for a forest processing facility;

•  increased security of land tenure (where investing in forest land establishes some sort
of long-term right to the use of land); or

•  the financial security of owning a tangible asset such as a forest plantation.

In certain instances, government incentives (e.g. government grants and subsidies or
favourable tax regimes for forest plantation development) provide a significant proportion of
the financial benefits from forest plantation investment.

It is also worth noting that the reasons for planting trees can differ between different types of
private sector investor. For example, many individual private investors (particularly in rural
areas in Europe) see forest plantations as sort of savings account. They invest directly in
forest plantation establishment or in young forest plantations, which they then manage at a
low level of intensity and harvest as and when they require a little extra income. Forest
plantations managed under such circumstances are often not managed according to strict
economic criteria and may be utilised for non-market benefits (e.g. hunting and amenity).
This often results in relatively low harvesting intensities and the use of long rotation lengths.

On the other hand, corporate investors in forest plantations tend to seek higher, more
immediate and more stable financial returns from their investments. They are more likely to
manage their forest plantations intensively and use economic criteria to determine optimal
rotation lengths and make decisions about silviculture. They also often develop a portfolio of
forest plantations of different ages that will generate a relatively stable supply of roundwood
and, consequently, income. They may do this through planting or the acquisition of already
established forest plantations.

2.9.2 Motivations for governments to support tree planting

Governments support forest plantation development either directly, through planting by state
forestry companies, or indirectly, by providing, grants, subsidies or other incentives for the
private sector to plant trees. Their motivations for supporting forest plantation development
tend to be different to those of the private sector in that they often incorporate non-financial
considerations into their decisions.

In terms of the economic benefits from forest plantation development, governments may
support development for purely financial reasons, but they will often provide support for
broader economic benefits. For example, government support for forest plantation
development can be used to promote the development of a forest industry, either at the
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national level or in particular regions. It can also be used to create a critical mass of forest
plantations at which the private sector starts to take an interest in making such investments
themselves.

Governments also support forest plantation development to generate social and environmental
benefits. Indeed, such objectives are often stated as the main reason for government support
in this area. The creation of employment opportunities, particularly in rural areas, is one
important social reason that is often given to justify government support for forest plantation
development. In Europe, forest plantation development is encouraged to remove agricultural
land from production (an objective that can be supported on economic, social and
environmental grounds). Governments may also support forest plantation development for the
production of non-market benefits, such as: watershed protection; improved visual
appearance of the landscape; carbon sequestration; the provision of outdoor recreation
opportunities; and land rehabilitation or reclamation. Where these objectives are important,
the way in which forest plantations are established and managed is likely to be very different
to what would happen if they were privately owned.

2.10 The underlying factors that determine a country’s advantage in forest
plantation development

A number of economic theories have been developed that explain why some countries
perform better than others in different sectors of the economy (i.e. they have some sort of
“advantage” over the others in these sectors). These theories suggest that, in the long-run,
competitive and comparative advantage will determine how successful a country is in a
particular sector. It is, therefore, worthwhile examining what these theories suggest about the
development of forest plantations around the World.

2.10.1 Natural advantage

The most basic (and simplest to understand) factor underlying a country’s success in a
particular sector is natural advantage. This arises where there are elements of a particular
country's natural stock of resources, location, or natural productive capacity that make it
easier to produce a particular good or service there rather than somewhere else. In many
cases, the development of an economic activity is likely to begin with a natural advantage in
that activity.

In the forestry sector, the most common example of a natural advantage is the presence of a
large natural forest resource. Thus, until recently, natural advantage in forestry existed in
countries with large land areas, high levels of forest cover and generally low population
densities. Most countries fitting this description (e.g. Russian Federation, Canada, United
States of America, Indonesia and Brazil) have developed significant forest industries based on
this natural advantage (which generally translates into an ability to produce large volumes of
industrial roundwood at relatively low cost).

More recently however, industrial roundwood production from natural forests has been
constrained by resource depletion (in some countries) and, more generally, by increased
regulation. One consequence of this is that natural advantage is gradually moving toward
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countries where trees grow the fastest. In other words, natural advantage in the forestry sector
is gradually shifting away from countries with the highest levels of forest resources to
countries that have the highest forest productivity.

In terms of hardwood species, recently developed fast-growing plantations of Eucalyptus
species in tropical areas (particularly South America) demonstrate a considerable natural
advantage in pulpwood production. Similarly, in terms of softwood species, natural advantage
is gradually shifting towards tropical and subtropical regions where pine is grown (Pinus
caribaea; P. elliottii; P. merkusii; P. oocarpa; and P. patula) and temperate countries suited
to the production of Pinus radiata (e.g. Chile; Spain; South Africa; New Zealand; and
Australia).

This shift is demonstrated in the three figures below, which compare trends in industrial
roundwood production in countries that have developed significant forestry sectors based on
the first type of natural advantage (i.e. a high level of natural forest resources) with four
countries that have the second type of natural advantage (i.e. a high level of forest
productivity). These latter four countries - Australia, Chile, New Zealand and South Africa –
are referred to here as the “Southern plantation producers”. Each figure shows the share of
total industrial roundwood production (for the group as a whole) held by each of the
individual countries shown in the figure.
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Figure 16 compares industrial roundwood production in Canada with production in the four
Southern plantation producers. Since 1962, all five countries have markedly increased
industrial roundwood production. For example, Canada has doubled industrial roundwood
production over the period. However, as the graph shows, the four Southern plantation
producers have increased production by an even greater proportion. Indeed, they now account
for about 30 percent of the total industrial roundwood production from these five countries
combined, compared with only 20 percent at the start of the period.

Canada is a country with a large natural forest endowment, but with little natural advantage in
forest productivity (i.e. tree growth is not particularly high there). Consequently, Canadian
forestry practices rely heavily on low-cost establishment options, such as natural regeneration
or broadcast seeding, which take several years to re-establish forest cover after harvesting. In
contrast, in roughly the same time (or maybe a little longer), intensively managed forest
plantations in the four Southern plantation producers can produce a final crop for harvesting.
This gives these countries a considerable natural advantage in the production of industrial
roundwood from forest plantations.

Projections of industrial roundwood production suggest that production in Canada will
remain roughly constant over the next decade while, over the same period, production in the
four Southern plantation producers is expected to increase considerably.

Figure 16 Historical trends in comparative levels of industrial roundwood production in
Canada and the four Southern plantation producers

Source: derived from FAO (1997b).
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Similarly, Figure 17 compares industrial roundwood production in the three Nordic countries
(Norway, Finland and Sweden) with production in the four Southern plantation producers
since 1962. In this case, the figure shows the contrast between the rapidly increasing levels of
industrial roundwood production in the four Southern plantation producers and the more
modest historical growth in industrial roundwood production in the more “mature” forestry
sector in the Nordic countries. In this instance, the share of the total held by the four Southern
plantation producers has increased from around 20 percent to just over 40 percent.

It is interesting to note however, that despite the increase in industrial roundwood production
in the four Southern plantation producers, the Nordic countries have retained over 80 percent
of the total combined value of forest products exports from these seven countries. The Nordic
countries have done this by focusing on maintaining a competitive advantage in the
production of high-value forest products. This shows that competitive advantage (e.g. in
forest product production) is not entirely dependent on having a natural advantage.

Figure 17 Historical trends in comparative levels of industrial roundwood production in
Nordic countries and the four Southern plantation producers

Source: derived from FAO (1997b).
Figure 18 compares historical industrial roundwood production levels in the four Southern
plantation producers with three of the main industrial roundwood producers in Southeast Asia
(Indonesia, Malaysia and the Philippines).  This figure highlights the point that large tracts of
natural forests are likely result in considerable natural advantage in the short-run, but that this
advantage may eventually diminish if the sector is not managed carefully.

In this case, for example, the Philippines had considerable natural advantage in the 1960’s
due to the vast extent of natural forests there. However, due to overexploitation, this
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advantage has largely disappeared such that the Philippines in now only a relatively minor
producer of industrial roundwood in the region. Malaysia and Indonesia began large-scale
harvesting of industrial roundwood from their natural forests later in the period and have
benefited from the natural advantage of having a large forest resource throughout much of the
1970’s and 1980’s. There have been signs in the 1990’s however, that the fast-growing forest
plantations in the four Southern plantation producers have even begun to capture market share
from these two countries.

Figure 18 Historical trends in comparative levels of industrial roundwood production in
Southeast Asia and the four Southern plantation producers

Source: derived from FAO (1997b).
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2.10.2 Competitive advantage

A more complex theory that explains why some countries are better at certain economic
activities than others is the theory of competitive advantage. In terms of competitive
advantage, natural advantage is only one amongst a number of factors that determine whether
a country has an advantage in a sector. Competitive advantage in a particular sector (at a
national level) is generally defined as a country’s ability to achieve higher rates of growth and
profitability and a larger international market share than other countries can in that sector. The
"Porter Diamond" (shown in Figure 19 below) displays the main elements of competitive
advantage at the national level.

Figure 19 The Porter Diamond: the core elements of competitive advantage

Source: Porter (1998).

The Porter Diamond (Porter, 1998) suggests that national competitive advantage can be
achieved by bringing together the following four key elements:
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Porter argues that long-term competitive advantage is dependent on countries' (and the firms
within a country) capacities to innovate and upgrade. These capacities, in turn, arise from
competition, pressure and challenge. Innovation interacts with the other important conditions
for competitiveness to determine overall advantage. The other key conditions are a strongly
competitive domestic market, well developed infrastructure and a network of supporting
industries and some degree of advantage, or competitiveness, in the factors of production (for
example, skilled labour). However, Porter also specifically emphasises the role of government
and the role of chance in determining success.

In terms of the forestry sector, a country's competitiveness in terms of producing industrial
roundwood from forest plantations, might then be determined by the following:

1. strong and active competition between domestic forest growers, leading to well-
developed plantation management techniques and practices and an industry that is
attuned to innovation and enterprise (firm strategy, structure and rivalry);

2. natural advantages in land availability and forest plantation yields, combined with a
well-trained workforce (factor endowments);

3. a strong domestic processing and manufacturing industry that is familiar with the
types of species grown in the country’s forest plantations (demand conditions); and

4. efficient infrastructure (i.e. strong clusters of interacting and supporting industries, for
example: seed orchards; nurseries; specialised equipment manufacture or servicing
industries; harvesting contractors; and transport companies), strong forest research
capability and a policy environment that encourages enterprise (related and
supporting industries).

The countries that will be most successful at producing industrial roundwood from forest
plantations are likely to be those that most effectively develop and bring together this range of
attributes. By doing so, they will create a competitive advantage over both other countries
with significant forest plantation resources and countries with significant forest sectors based
on natural forest resources.

The theory developed by Porter also suggests that, in the long-run, international
competitiveness cannot be based on exogenous factors such as exchange rate advantages, low
interest rates, or low labour costs. Invariably, these advantages will gradually be eroded over
time by a country's success.

In the forestry sector this latter point is demonstrated by the strong performance of a number
of relatively high-cost, developed countries, most notably in North America and Europe. Of
particular interest are examples in the wider forestry sector, of where high-cost countries have
developed competitive advantage without having any real natural advantages in the forest
sector. Some examples include: the furniture industry in Italy; paper industries in the United
Kingdom and the Netherlands; and the particleboard industry in Belgium. Conversely, there
are a number of examples of developing countries where the cost advantages of significant
endowments of high-value natural forests have been exploited and exhausted, without
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sufficient investment in developing the other attributes required to sustain international
competitiveness.

2.10.3 Comparative advantage

Due to the many infrastructural and technical advantages that developed countries already
have, such countries also already have significant competitive advantage in the forestry
sector. It might be thought therefore, that these countries would develop significant forestry
sectors and that developing countries would be dissuaded from investing in forest plantations.
This, however, ignores the importance of the theory of comparative advantage in determining
production patterns.

This theory, in essence, suggests that it is not absolute advantage (i.e. the ability to produce a
good more efficiently than anywhere else can) that necessarily determines where that good
will be produced. Rather the comparative advantage (i.e. the ability to produce that good most
efficiently relative to all other production opportunities in the country) is of crucial
importance. In other words, comparative advantage is held by the country that has the lowest
opportunity cost of producing the good in question (see Box 3 below).22

2.10.4 Conclusions about advantage

Theories of natural, competitive and comparative advantage attempt to explain how patterns
of industrial development have arisen in the past and to provide means to assess how these
patterns might evolve in the future. They are useful for understanding why some countries are
more successful in developing manufacturing industries, while other countries remain
producers and exporters of basic commodities and raw materials. In common with most
economic theories, the theories of advantage are based on the theory of efficient allocation of
resources.

At their most fundamental level, the theories of advantage would suggest that forest
plantations will be established in countries where the costs of producing industrial roundwood
in forest plantations are lowest and where there are no more profitable uses for the land used
for forest plantations.

                                                
22 Porter's theory of competitive advantage, in part, attempts to explain why differences arise in opportunity

costs between countries. It provides an alternative explanation to the earlier Heckscher-Ohlin theorem, which
assumed productivity of factors are homogenous between countries and argues that a country has a
comparative advantage in goods that make intensive use of the country's relatively abundant factors. A more
detailed discussion can be found in, for example, Salvatore (1996).
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Box 3 An example of comparative advantage

2.11 Rates of return and profitability

If left entirely to free market forces, all investment decisions would be made by comparisons
of national competitive and comparative advantages. These, in turn, would be consistent with
the relative returns on capital (at a given rate of time preference) of different investment
projects. In the real world, however, investment decisions are significantly more complex and
are affected by a number of intangible factors. These factors (generally referred to as
"imperfect" market conditions) include imperfections in (or often the complete absence of)
crucial market information, the presence of non-financial costs and benefits and the effects of
government intervention. Nonetheless, despite these imperfections, financial criteria are
generally the main quantitative tools that are used to assess the relative merits of different
investments.

Discounted Cash Flow (DCF) techniques provide the analytical basis for many forestry
investment decisions. For forest plantation investments, the comparative financial tool that is
probably most commonly used, is Internal Rate of Return23 (IRR) analysis. An IRR is the

                                                
23 There are a number of financial tools (of varying complexity) that may be used to assess a forest plantation

investment. The relative importance of any particular tool will depend on the role that the forest plantation
investment is expected to perform within the investors overall portfolio of investments. Net Present Value
(NPV), for instance, belongs (with IRR) to the Discounted Cash Flow family of models. These two models
have, however, different decision structures. Other well-known investment analysis tools include: the Capital
Asset Pricing Model (CAPM), which assigns importance to diversifying risk within an overall portfolio; and

Comparative advantage can be most easily explained with the aid of a simple example. The table below
presents some hypothetical figures about the annual cost (per hectare) of growing pine and teak in forest
plantations in two countries. In the example, Country A has an advantage over Country B in the production of
both species (i.e. lower production costs in both cases). However, Country B has a comparative advantage in
growing pine. That is, by producing pine, Country B produces roundwood at only 70% (250/350) of the cost
of the alternative (i.e. producing teak). In the case of Country A, producing pine would cost 80% of the
alternative of producing teak. Therefore, Country B has a comparative advantage in the production of pine
because the benefit of doing this rather than the alternative (i.e. growing teak) is greater than in Country A.

To demonstrate this further, if each country had only 100 hectares of land to devote to forest plantations, the
example shows that the most efficient result would be for Country B to grow 100 hectares of pine and
Country A to grow 100 hectares of teak. In this instance, the total cost of producing 100 hectares of each
species in this way would be $50,000, compared with $52,500 if each country grew 50 hectares of each
species.

Area
(ha)

Pine
Costs
($/ha)

Teak
Costs
($/ha)

50 ha
Pine

Cost ($)

50 ha
Teak

Cost ($)

Total
Cost
($)

100 ha
Pine

Cost ($)

100 ha
Teak

Cost ($)

Total
Cost
($)

Country A 100 200 250 10,000 12,500 22,500          0 25,000 25,000
Country B 100 250 350 12,500 17,500 30,000 25,000          0 25,000
Total 200 22,500 30,000 52,500 25,000 25,000 50,000

At the centre of comparative advantage theory is the point that each country has finite resources (particularly
land). Thus, although a country may hold an absolute advantage in the production of a particular good, it does
not necessarily mean that it is most efficient for that country to produce that good. Specialisation and trade
can result in a better outcome for all concerned. This explains, for example, why Manhattan Island in New
York is not used for forest plantations, even though trees might grow very quickly there.
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level of profit expected from an investment project, expressed as an equivalent annual
percentage rate of interest on all the money invested in that project (see Box 4).

Box 4 Calculating Discounted Cash Flows and Internal Rates of Return

Almost all cross-country analyses of forest plantation investments present comparisons in
terms of Internal Rates of Return. Usually, even when the calculations have all been done by a
single agency, these analyses should be treated with caution. For example, in many instances
it is unclear whether returns are cited in nominal (inclusive of inflation) or real (inflation-
exclusive) terms or even whether returns are pre- or post- taxation. Similarly, questions arise
as to how initial land-values are treated in the analysis, how complex taxation regimes have
been applied and how different and variable government incentives have been taken into
account. Added to these uncertainties, the usual questions relating to the quality of data used
in the analysis, the quality of cost and price forecasting assumptions and the assumptions
made about silvicultural, management and biological factors, can all conspire to make
comparisons difficult. These difficulties are multiplied even further, when forest plantation
investments are compared with investments in other sectors of the economy or with other
financial instruments.

                                                                                                                                                       
Real Option Analysis, which incorporates an assessment of future management options into the investment
appraisal.

Discounted cash flow analysis is based on the theory of compound interest. It essentially allows an investor to
calculate the total value of all future costs and revenues associated with a project as though they were all
incurred immediately (referred to as the Net Present Value or NPV of the project). This is done by projecting
net income (i.e. revenues – costs) for each period of the investment and then converting each of these figures
into a present value. This present value is the amount that would, after taking into account interest
costs/income for the requisite number of years, result in the same amount as the future value identified above.
The NPV is the sum of these adjusted values over the whole life of the project. The rate at which future
values are reduced to take into account how far into the future they occur is called the discount rate (rather
than the interest rate, although the two concepts are basically the same). The formula used to calculate NPV
is:

Net Present Value = Σ [ C0 + C1/(1 + r) + C2/(1 + r)2 +….Cn/(1 + r)n]

Where: C = the projected net income in a period;
r = the discount rate; and
n = the total duration of the project

Internal rate of return analysis uses a similar process to calculate the expected rate of return on capital
invested in a project. In this instance, rather than selecting a discount rate, the analysis calculates the discount
rate at which NPV equals zero. This, in effect, gives the rate of interest earned on all money invested in the
project.

The IRR formula for n periods is very similar to that for NPV except that, in this case, the discount rate is
adjusted until NPV equals zero:

i.e. find r, such that NPV [i.e. C0 + C1 /(1+r) + C2/(1 + r)2 +….Cn/(1 + r)n] = 0
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2.12 Major factors affecting forest plantation costs and revenues

A robust analysis of alternative forest plantation investment projects requires an in-depth
assessment of the costs and revenues associated with each alternative. Table 9 lists a number
of factors that should be considered in any such analysis. Important decision values include:
the total duration of the investment (i.e. the rotation length); the timing of silvicultural
investments; and the timing and projected value of future roundwood production from the
forest plantation (thinnings and final clear fellings).

Information available in the public domain about comparative plantation costs in different
countries is scattered and very difficult to standardise. Consequently, this analysis uses a
number of surrogate measures to establish indicative levels of comparative costs in different
countries.

Table 9 Major factors affecting the costs and revenues of forest plantation projects
 Type of cost or revenue Commentary
Capital costs
- Land purchase/lease
- Land preparation
- Plants
- Planting
- Fencing
- Access roading and

permanent pre-harvest
roading

Capital costs are generally incurred at the beginning of the project
and are, consequently, of major importance. This is because they
have to be “carried” throughout the length of the rotation (i.e. they
are immediate and often account for the largest part of the total
investment).

Silvicultural costs
- Fertiliser
- Spraying
- Pruning
- Thinning

Silvicultural costs will vary according to location, species and the
management regime of a plantation. Silvicultural costs may be
considered variable costs because, once a plantation is established,
various treatments can be omitted or included, thereby varying the
returns and risks involved in the project.

Overhead costs
- Insurance
- Rates and levies
- Management costs
- Financing costs

Overhead costs are generally stable, but are also largely beyond the
control of the forest manager. Costs of insurance can, for example,
be ignored (and often are in developing countries) but this increases
the risk associated with the project.

Harvesting costs
- Roading costs
- Logging costs
- Transportation

Harvesting costs are incurred at the end of the project and, while
high, are not “carried” in the project for any significant period. On
difficult sites, roading and hauling costs can be extremely high.

Revenues
- Production thinning
- Final harvest
- Other revenues
- Land resale

Revenues are based on forecasts of future prices and are
consequently subject to considerable uncertainty. It is very difficult
to make meaningful estimates of roundwood prices in the distant
future and assessments will reflect a particular view of the future,
rather than a definitive analysis (regardless of scientific
methodologies). Other revenues might include, for example, those
from grazing rights.

Taxes and incentives
- Income taxation
- Depreciation regimes
- Investment incentives

Taxation regimes are highly variable between countries and between
individual agents in countries. Post-tax IRRs (and, sometimes,
qualification for incentives) are, consequently, likely to be case-
sensitive.
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2.12.1 Land costs

Land costs are fundamentally dependent on location and, consequently, very high variations
in land costs are both possible and likely within individual countries. Land costs will, for
example, depend on topography and a range of other geographic and economic factors, such
as: soil productivity; potential yields of alternative crops; and relative proximity to
infrastructure and markets. (See Box 5 for an example of one way of calculating the value of
land based on its productive capacity). National estimates of land costs are, therefore, very
crude averages of a cost that can vary widely.

Box 5 Land Expectation Value

The development of an international index of comparative land costs would be very difficult
and beyond the scope of this study. Indeed, the literature search undertaken as part of this
analysis discovered only one study that has attempted to estimate average land prices in the
past. This study - the World Bank Global Approach to Environmental Analyses or GAEA
(World Bank, 1999) - attempts to build on earlier World Bank work that suggested that
national land prices would be roughly equal to a multiple of per capita income. Estimates of
land value calculated in this way were then adjusted to incorporate broader factors, such as
proportions of pasture, cropland, forestland and arid land in the total land area, to arrive at
indicative national land prices.24 The figures presented in the GAEA are reproduced here in
Table 10 below.25

                                                
24 The World Bank notes:

"It should be stressed that the land values computed here remain quite insensitive to location.
For example, the locational relationship between land and water has an obvious effect on its
agricultural potential, while latitude and elevation influence growing seasons. A GIS
approach to wealth accounting could begin to recognise such factors. It should be noted,
however, that a distinction should still be made between the value of land and "real estate."
The latter is often an indirect reflection of where produced assets (transport systems, human
settlements, etc.) are located and not an inherent property of the land."

25 A more comprehensive description of the process used to estimate land prices is included in the original
report (World Bank, 1999).

The Land Expectation Value (LEV) approach to calculating land value recognises that the price of a piece of
land is directly related to the value of the future net income stream that will be generated from productive
activities taking place on that piece of land. The approach comes largely from a paper written by the 19th
century German forest economist Martin Faustmann. The Faustmann formula is basically a Discounted Cash
Formula that can be used to calculate the maximum amount that could be paid for a piece of land, such that a
forestry project could earn a predetermined rate of return. Indeed the Faustmann formula provides the basis
for much of modern forest economics and capital theory and was the precursor to the development of NPV
and IRR analysis.

The LEV is, in essence, the NPV of a continuous stream of repeated investment projects of the same type and
duration. This can be calculated because of the asymptotic nature of the NPV formula presented earlier.
Assuming that the value of a piece of land is basically derived from the profitability of the most profitable
activity on that piece of land, the LEV of that activity should, in theory, determine the land price if there is a
prevailing consensus about the appropriate rate of return to use in this calculation.
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Table 10 Estimated international land prices
Value of land (per ha) Countries
less than US$100 Ethiopia, Nepal, Uganda, Vietnam, Sierra Leone, Niger, Mali, Chad,

Sudan, Bhutan, Mauritania, Guyana, Egypt, Tanzania, Mozambique
US$101-200 Burundi, Malawi, Guinea-Bissau, Cambodia, Burkina Faso, Kenya,

Nigeria, Madagascar, Somalia, People's Republic of China, Lao PDR,
Equatorial Guinea, Yemen, Maldives, Zambia

US$201-300 Rwanda, Bangladesh, Gambia, Haiti, San Tome and Principe, Benin,
Pakistan, Ghana, Nicaragua, Liberia, Central African Republic, Jordan

US$301-500 Honduras, Cote d'Ivoire, Armenia, India, Togo, Afghanistan, Tajikistan,
Lesotho, Zaire, Zimbabwe, Cape Verde, Algeria, Guinea, Mongolia,
Libya

US$501-1000 Morocco, Oman, Angola, Jamaica, Senegal, Guatemala, Congo, Kiribati,
Cameroon, Myanmar, Philippines, Uzbekistan, Georgia, Peru, Papua New
Guinea, Iraq, Indonesia, Azerbaijan, Kyrgyz Republic, Solomon Islands,
Swaziland, Comoros, Djibouti, Sri Lanka, Bolivia

US$1,001-2,000 Democratic Republic of Korea, Cuba, South Africa, Chile, Yugoslavia,
Albania, Latvia, Slovak Republic, Micronesia, Marshall Islands, Ukraine,
Kazakhstan, Belize, Bulgaria, Colombia, Tunisia, Turkmenistan, Vanuatu,
Western Samoa, Romania, El Salvador, Lebanon, Lithuania, Paraguay,
Ecuador, Dominican Republic, Syrian Arab Republic, Moldova, Islamic
Republic of Iran

US$2,001-3,000 Poland, Estonia, Brazil, Belarus, St Lucia, Dominica, Thailand, Panama,
Turkey, Russian Federation, Tonga, Fiji, Granada, Venezuela, Bahrain,
Namibia, Botswana, Costa Rica, St. Vincent and the Grenadines

US$3,001-5,000 Guam, Macao, New Caledonia, Martinique, Aruba, Netherlands Antilles,
Hungary, Qatar, Seychelles, Kuwait, Mauritius, Antigua and Barbuda,
Malaysia, Trinidad and Tobago, Reunion, St Kitts and Nevis, Czech
Republic, Mexico, Saudi Arabia, Uruguay

US$5,001-10,000 Barbados, Portugal, Israel, Ireland, New Zealand, Republic of Korea,
Greece, French Polynesia, Channel Islands, Virgin Islands (US), Iceland,
Argentina, Bahamas, Malta, Suriname, Cyprus, Puerto Rico, Slovenia,
Brunei, Gabon, Singapore, Guadeloupe, United Arab Emirates

US$10,001-15,000 Canada, Australia
US$15,001-20,000 Belgium, United Kingdom, Spain, Norway
US$20,001-30,000 Switzerland, Germany, Sweden, France, Italy, Austria, USA, Netherlands

Finland
Greater than
US$30,000

Denmark, Luxembourg, Japan

Source: World Bank (1999).

It should be noted that the values presented in Table 10 are likely to bear little relationship to
current commercial market prices for land in any particular year. Rather, the values are
presented mainly for comparative purposes. Countries shown to have very high land values in
GAEA would also be expected to have very high commercial land values. Similarly, countries
estimated to have mid-range and low land values in GAEA would also be expected to have
lower commercial land values.

The GAEA study estimates that, on average, Denmark has the most expensive land in the
World, with an average valuation of US$38,100 per hectare. The cheapest average land value
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can be found in Mozambique, with a valuation of only US$30 per hectare. Land in Denmark
is thus estimated to be 1,270 times more expensive than land in Mozambique. Despite this
seemingly overwhelming competitive disadvantage, however, Denmark is reported to have
410,000 hectares of forest plantations, while Mozambique has only 32,000 hectares!

2.12.2 Labour costs

An important component of many forestry activities is the cost of labour. In general, forest
management activities such as planting, pruning and thinning are very labour intensive
although, in some (generally developed) countries, broadcast seeding is routinely practised
and some of these operations may be mechanised. Harvesting operations are generally
mechanised, with varying degrees of labour inputs, ranging from relatively high labour and
low capital use in many developing countries to high levels of mechanisation (e.g. using, for
example, feller-bunchers as opposed to chain-saws) in some developed countries. Labour
costs vary markedly across countries, but are generally relatively uniform within countries.

There are two central aspects to labour costs that should be considered in an evaluation of
forest plantation costs - the wage rate and productivity. Wage rates are generally highest in
the most developed countries, where technology and training also tend to make productivity
highest. Consequently, high wage rates tend to go hand-in-hand with high capital costs.
Internationally, wage rates are distributed along a continuum, whereas technological and
systemic advances mean that distinct leaps are possible in productivity. Competitive
advantage in labour costs accrues, consequently, to countries with the lowest wage costs
within a distinct productivity bracket.

Average levels of national income (i.e. GDP per capita) provide a useful, though far from
perfect, surrogate for comparing wage rates between countries and the average GDP per
capita for every country and territory in the World is shown in Table 11 opposite.
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Table 11 Gross Domestic Product (GDP) per capita in 1995
Per capita GDP (US$) Countries
less than US$100 Eritrea, Ethiopia, Mozambique, Sao Tome and Principe, Sudan
US$101-200 Bhutan, Burkina Faso, Cambodia, Chad, Dem. Rep. Congo, Guinea-

Bissau, Malawi, Somalia, Tajikstan, Tanzania
US$201-300 Bangladesh, Bosnia-Herzegovina, Burundi, DPR Korea, Madagascar,

Mali, Nepal, Niger, Rwanda, Sierra Leone, Vietnam
US$301-500 Angola, Armenia, Azerbaijan, Benin, Central African Republic,

Comoros, Equatorial Guinea, Gambia, Georgia, Ghana, Guinea, Haiti,
India, Kenya, Kyrgyzstan, Lao PDR, Lesotho, Mauritania, Mongolia,
Nicaragua, Moldova, Togo, Turkmenistan, Uganda, Uzbekistan, Zambia

US$501-1000 Albania, Belarus, Bolivia, Cameroon, Cape Verde, China, Cote d'Ivoire,
Djibouti, Egypt, Guyana, Honduras, Kazakhstan, Kiribati, Nigeria,
Pakistan, Papua New Guinea, Senegal, Solomon Islands, Sri Lanka,
Suriname, Ukraine, Yemen, Zimbabwe

US$1,001-2,000 Algeria, Bulgaria, Congo, Cuba, Dominican Rep., Ecuador, El Salvador,
Guatemala, Indonesia, Iran, Jamaica, Jordan, Latvia, Liberia, Lithuania,
Maldives, Marshall Islands, Morocco, Paraguay, Philippines, Romania,
Samoa, Swaziland, Macedonia, Tonga, Vanuatu, Yugoslavia

US$2,001-3,000 Afghanistan, Belize, Colombia, Costa Rica, Dominica, Estonia, Fiji,
Grenada, Mexico, Micronesia, Myanmar, Namibia, Panama, Peru,
Russian Federation, St Vincent and Grenadines, Thailand, Tunisia,
Turkey

US$3,001-5,000 Botswana, Brazil, Chile, Croatia, Czech Republic, Hungary, Lebanon,
Malaysia, Mauritius, Poland, St Kitts and Nevis, St Lucia, Slovakia,
South Africa, Syria, Trinidad and Tobago, Venezuela

US$5,001-10,000 Antigua and Barbuda, Argentina, Bahrain, Barbados, Cook Islands,
Gabon, Greece, Guadeloupe, Republic of Korea, Libya, Malta,
Netherlands Antilles, Oman, Palau, Saudi Arabia, Seychelles, Slovenia,
Uruguay

US$10,001-15,000 Bahamas, Cyprus, Iraq, Martinique, Portugal, Puerto Rico, Qatar,
Reunion, Spain

US$15,001-20,000 Brunei-Darussalam, Canada, Ireland, Israel, Italy, Kuwait, New
Caledonia, New Zealand, San Marino, United Arab Emirates, United
Kingdom

US$20,001-30,000 Australia, Austria, Belgium, Finland, France, French Guiana, French
Polynesia, Germany, Iceland, Monaco, Netherlands, Singapore, Sweden,
United States

Greater than US$30,000 Denmark, Japan, Liechtenstein, Luxembourg, Norway, Switzerland

Source: World Bank.
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In terms of productivity, labour inputs per unit of output will vary according to the species
planted, terrain, intensity of management and the level of capital utilisation. There are likely
to be enormous differences in these factors between countries and even within countries there
can be considerable differences in labour productivity in forest plantation operations.

Thompson (1990), for example, produced a survey of forest employment in Great Britain and
found a marked difference in labour inputs between the publicly–owned Forestry Commission
forests and privately–owned forests. These results are summarised in Table 12.

Table 12 Estimates of labour productivity in forestry in Great Britain in 1988-1989
Function, measurement units and type of forest manager Amount
ESTABLISHMENT (work-years per hectare)
Forestry Commission
Private owners

0.057
0.145

MAINTENANCE (work-years per 1,000 hectares)
Forestry Commission
Private owners

1.507
4.276

HARVESTING (work-years per 1,000 cubic metres)
Forestry Commission
Private owners

0.961
1.098

OFFICE/FOREST EMPLOYEE RATIO
Forestry Commission
Private owners

0.249
0.182

Source: Thompson (1990).

The difficulty of producing broad estimates of labour productivity for a particular country is
further demonstrated by Thompson, who noted that:

“Privately owned woodlands are, on the whole, on better quality land,
concentrated in lowland areas and with a higher proportion of
broadleaves and, therefore, require a higher level of maintenance.”

It could also be speculated that the Forestry Commission uses specialised labour, has greater
economies of scale in forest management and is a more capital-intensive forest manager.
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2.12.3 Other silvicultural costs

Other silvicultural costs include a range of non-labour costs associated with planting, tending,
pruning and thinning forest plantations. In general, these costs are relatively modest compared
with land, labour and harvesting costs.

The cost of planting stock will generally depend on the species and the extent to which the
planting stock has been improved in some way. For example, the cost of nursery-grown forest
planting stock for small-scale planting in the United States of America tends to range from
around US$50 per 1000 seedlings for Pinus taeda to US$225 per 1000 seedlings for Quercus
(oak) species. The cost of planting stock for large-scale planting will generally be lower,
because buyers can negotiate better prices with suppliers or, in the case of many government
agencies and some of the larger private companies, they may have their own forest nurseries
and plant production or improvement facilities.

The cost of fertiliser, herbicide and pesticide applications will depend on the nutrient levels at
each planting site and whether there is a need to spray to suppress weeds or control pests and
diseases. For example, typical fertiliser costs in New Zealand forest plantations of Pinus
radiata are estimated to range from zero to US $350 per hectare (New Zealand Ministry of
Forestry, 1997). Weed and pest control in these plantations is estimated to cost up to $20 per
hectare per annum.

In developing countries, other silvicultural costs are generally much lower, but a number of
different costs may be incurred. For example, in 1991, the total cost of planting and managing
a forest plantation on an 8-year rotation in Sudan was estimated to be US$ 500 per hectare
(Sudan Ministry of Agriculture, Natural and Animal Resources, 1991). Water management
and irrigation costs accounted for around 47 percent of this total and forest protections
(i.e. guarding the forest plantation from fire and theft) accounted for a further 6 percent of
costs.
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2.12.4 Harvesting and transportation costs

Generally speaking, the most expensive operation in a forest plantation is harvesting the final
crop and delivering the roundwood to the forest processing plant. Harvesting and
transportation costs can vary markedly and will depend upon geographical factors such as
location, topography and the length and quality of roads that will be required for the
harvesting operation.

For example, Figure 20 presents the results of a study in British Columbia, Canada (British
Columbia Ministry of Forests, 1997) that showed that roading, logging and transportation
costs comprised 52 percent of the estimated total delivered roundwood production cost in
1996. Although these figures are for harvesting in the natural forest rather than in a forest
plantation (where harvesting and transportation costs may be lower), they serve to
demonstrate another point about forest plantation costs. This is that the net benefit of having
low forest regeneration and management costs in the natural forest (compared to forest
plantations) may be reduced if harvesting and transportation costs are high due to the
remoteness of the natural forest area being harvested or difficult working conditions at the
site. Indeed, one of the main advantages of establishing forest plantations is that the forest
plantation can be located and management can be planned so that harvesting and
transportation costs can be minimised when the final crop is harvested.

Figure 20 Components of the estimated total delivered roundwood production cost in
British Columbia, Canada in 1996

Source: British Columbia Ministry of Forests (1997).
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2.12.5 Revenues

Naturally enough, appraisals of forest plantation investments are guided not only by costs, but
also by expectations of future revenues. A considerable body of literature and analysis has
been devoted to predictions of future price levels for forest products and, in general, two main
schools of thought have arisen from all of this work. On the one side, some analysts see ever
increasing demand for forest products and increasing levels of restrictions being placed on
forest harvesting (particularly in the natural forest) and expect that these will eventually lead
to sustained increases in forest product prices in the future. Opposing this, other analysts point
to the fact that the scope for increases in forest product prices is limited by competition from
non-wood products and that the forestry sector is constantly developing new technologies and
management techniques to increase forest productivity and to improve production techniques.
Viewed from this perspective, forest product prices are unlikely to increase in the future in
general, although prices in some areas and for some types of product may increase if supply
can not keep up with demand.

The first view presented above developed throughout the 1980’s and early 1990’s, when a
considerable amount of concern focussed on the likelihood of a forthcoming wood crisis.
During this period, wood and fibre supplies from several traditional sources were reduced by
harvesting and export restrictions, leading to expectations that this scarcity would continue
into the foreseeable future and, consequently, lead to significant and sustainable increases in
roundwood prices. For example, in 1992-93, a short-term log price "boom" was fuelled by a
coincidence of new harvesting restrictions in the United States of America and Malaysia.26 At
the time, a number of commentators suggested that this price increase represented a structural
realignment in timber markets that would be sustained in the future. Largely because of the
“windfall” gains made by forest plantation owners selling their roundwood at this time, forest
plantation establishment accelerated rapidly in several countries. For example, new planting
in New Zealand quadrupled between 1991 and 1994.

More recently, the second school of thought referred to above has gradually gained wider
acceptance. This is, in part, because the price increases associated with the 1992-93 log boom
have not been sustained. Indeed, the view that forest product supplies will generally increase
to meet future demands without significant price increases in the foreseeable future has been
reinforced by the results of several recent global supply and demand analyses.

Similarly, analysis of many long-run series of forest product prices would also suggest that, if
historical trends are a good indicator of future trends, then the real price of most forest
products is unlikely to rise in the foreseeable future.27

                                                
26 The development of the "Option 9" timber supply plan, which placed new limits on harvesting in National

Forests in the United States of America and temporary log export bans imposed in Sabah and Sarawak.

27 A historical analysis of past trends is, however, somewhat difficult to interpret, because the quality of forest
products may have changed markedly in the past within each broad forest product category.
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Figure 21, for instance, shows that the real (i.e. inflation adjusted) stumpage price of sugi
(Cryptomeria japonica) has declined over the last 30 years in Japan. 28  The figure also shows
that forest planting costs and harvesting wages in Japan have increased markedly, in real
terms, over the same period. This has probably reduced the profitability of forestry activities
in Japan and, it is believed, has discouraged forest plantation owners from undertaking a
range of forestry operations (such as thinning) in recent years (Forestry Agency, Japan, 1995).

The long-run historical stumpage and log price series for other species (including: Douglas fir
in the United States of America; Radiata pine in New Zealand; and hardwoods grown in the
natural forests of Brazil) display trends that are similar to those shown above.

To summarise, a large amount of historical evidence would tend to support the view that
significant shortages may induce price increases in the short-run or, maybe, in the long-run in
specific niche markets. However, for the majority of roundwood production from forest
plantations, which is aimed at mainstream bulk commodity markets, assumptions of
significant long-run real price increases are likely to be optimistic.

Figure 21 Historical trends in real planting costs and wages in the harvesting sector and
in sugi stumpage prices in Japan 1965-94

Source: Forestry Agency, Japan (1995).

                                                
28 Sugi is one of the main species grown in forest plantations in Japan.
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2.12.6 Taxation

In most countries, the taxation of forest plantation investments is quite a complicated subject.
Tax regimes differ widely between countries and are often also very different for different
types of investor (e.g. pension funds, corporations and individuals). It would be an enormous
task to attempt to categorise the vast variety of alternative taxation regimes and rates of
taxation applicable to forest plantation investments in every country in the World. Not only
would this be far beyond the scope of this paper, but also it would probably go out of date
very quickly. Consequently, this section presents a very general discussion of the different
taxation mechanisms affecting forest plantation investments around the World and how, in
principle, these affect forest plantation establishment, management and harvesting.

A very simple way of comparing tax regimes in different countries is to compare the basic
income tax rate applied to companies and individuals. Such a comparison is not, however,
sufficiently accurate to assess the total level of taxation in different countries. For example,
investors in forest plantations may also have to pay a range of other taxes including:
additional direct taxation surcharges; indirect forms of taxation (such as sales and excise
taxes); land taxes; capital gains taxes; and capital transfer taxes. The ability to offset taxation
against other business losses is also likely to differ between countries, as will various other
taxation-based incentive structures or concessions that might be available. In terms of the
calculation of tax, regulations regarding depreciation or whether taxation is based on cash
profits or earnings-accrued can also vary. Finally, the degree of sophistication of tax
legislation and the level of monitoring by authorities is also likely to vary between countries.
Any or all of these factors can substantially affect the total level of taxation that the forest
plantation investor will have to pay.

Table 13 presents indicative basic rates of corporate taxation for a range of countries. As the
table shows, there are substantial differences between taxation rates in different countries at
even this most basic level. For example, taxation rates in the small selection of countries
listed here vary from 10 percent to 45 percent. Ignoring the effects of subsidies and
incentives, the total amount of tax paid in different countries is likely to range from 0 percent
(in "tax-shelters") to around 70 percent29.

                                                
29 According to the Investor's Business Daily (Sweden Goes South, May 27, 1997) Sweden has the highest

taxes of any industrial country:

“Although its basic corporate tax rate is 28 percent, each company must also pay a tax
equal to about 40 percent of its workers' wages… Some 59 percent of total Gross
Domestic Product goes to taxes".

Sweden's Value Added Tax (sales tax) rate is also 25 percent.
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Table 13 Indicative basic rates of corporate taxation around the World30

Country/region Basic rate of
corporate tax (%)

Country/region Basic rate of
corporate tax (%)

Europe
Belgium
Germany
Italy
United Kingdom
Denmark
Netherlands
Sweden
Hungary
Russian Federation

40.17
45.00
41.25
31.00
34.00
35.00
28.00
18.00

35.00-43.00

Asia
India
Indonesia
Malaysia
Philippines

43.00
10.00%-30.00

30.00
35.00

Oceania
New Zealand
Australia

33.00
36.00

Africa
South Africa
Morocco
Botswana
Swaziland
Zimbabwe

35.00
35.00
15.00
37.50
37.50

North America
United States
Canada

40.00
39.00-43.50

South America
Argentina
Chile
Brazil

30.00
15.00
15.00

Primary source: Danziger Foreign Direct Investment (1999).

The first (and probably most important) point to note about taxation of forest plantation
investments, is that taxation is likely to significantly affect the financial return to any forest
plantation investment. Although this may seem rather obvious, it is very important to bear this
in mind, because the results of most comparative analyses of forest plantation investments are
presented without taking into account the effects of taxation. This is particularly the case in
comparisons across countries, where it would be complicated to try to introduce the effects of
different tax regimes.

This common practice (of presenting only pre-tax performance figures) can be highly
misleading, both when attempting to compare forest plantation investment opportunities
across countries and, in particular, when comparing forest plantation investment opportunities
with other investment opportunities within a country. The most important rule to remember
when comparing any financial analyses of investment opportunities is that it is post-tax
returns that are relevant.

The second point to note is that, on the whole, the tax treatment of investment in forest
plantations is generally favourable. For example, one of the major tax advantages that forest
plantation investment has over other investments is that taxes are not generally levied each
year on the annual growth in the value of standing roundwood. Instead, taxes are generally
only paid when the roundwood is harvested and results in revenue for the investor or owner.

                                                
30 The rates shown here have been extracted from a variety of recent sources. Some countries' taxation rates

may, however, have changed between writing this and going to press.
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An example of the magnitude of this benefit is given in Perley (1992). Perley demonstrates
that, for investment in a forest plantation for 30 years in New Zealand, the effect of taxation is
only to reduce the real rate of return on the investment from 8.5 percent (pre-tax) to 7.89
percent (post-tax, calculated using a 33 percent tax rate). In contrast, the effect of tax on an
annual fixed-interest investment (over the same period) earning a real rate of return of
7.32 percent (pre-tax), is to reduce that rate to 4.1 percent (post-tax). The relative difference
between the pre- and post-tax returns on the two investments results from the annual tax
charge that has to be paid each year on the fixed-interest investment. Taxes on income from
the forest plantation investment only have to be paid when roundwood is harvested.

In some countries, investment in forest plantations receives even more favourable tax
treatment, when establishment costs can be deducted from other pre-tax income or offset
against losses in other parts of the investor's portfolio. Such “tax breaks” have been popular at
different times in various countries, although they often lead to unintended consequences (see
Box 6 for an example). In developing countries they are also generally less effective than
direct cash grants or subsidies, because many small landowners pay little or no tax anyway.

Box 6 Promoting forest plantation establishment through favourable tax treatment –
an example from the United Kingdom

Source: A Whiteman (pers comm).

Throughout much of the 1970’s and 1980’s, high rates of forest plantation establishment were achieved in the
United Kingdom. This success was largely driven by favourable tax treatment of the forest plantation
investment, but it led to unintended consequences.

How was it done?

In very simple terms, tax avoidance on forest plantation investment involved three stages:

1. When an investor acquired a forest plantation or land for planting, they would elect to have it taxed
essentially as a business (i.e. on the basis of profits and losses each year). In the early years of
establishment, high losses would be generated from incurring planting and management costs with no
revenues from the sale of roundwood. These losses would be offset against the investor’s other
income.

2. Once the forest plantation reached first-thinning stage, the investor would then transfer ownership to
someone else (e.g. a family member). This transfer would not result in a tax liability.

3. The new owner would then elect to have the forest plantation taxed essentially as a land asset. Tax in
this case would be charged on the expected rental value of the land in its unimproved state. In most
cases this was so low, that the tax authorities would not bother collecting it.

This worked because an owner could elect which schedule they wished to be taxed under and because the
growth in the value of trees was specifically excluded from Capital Gains Tax and did not, therefore, result in
a charge when ownership was transferred.

What were the consequences?

This arrangement was very successful in promoting afforestation but had two unintended consequences.
Firstly, the scheme presented a very tax-efficient method for people with high incomes to create a tax-free
asset. This proved unpopular with the general public (and the tax authorities). Secondly, it encouraged
afforestation on the cheapest land possible (the cost of buying the land was not tax deductible under 1. above
and the poorest land attracted the lowest charge under 2. above). This land tended to be land with the lowest
forest productivity, but often also a relatively high conservation value (in its original state).

The tax benefits of investing in forest plantations in the United Kingdom have been reduced, but forestry
activities are still largely exempt from most taxes.
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2.13 Risk, viability and liquidity issues

Risk can be defined as the probability or likelihood of sustaining loss although, more
accurately, it is a measure of volatility around an expected value.31Because of the long time
period generally involved in investment in forest plantation projects, risk may be of relatively
more concern to the investor than would be the case for an alternative investment with a
shorter life-span. For example, with a long-run investment in a forest plantation, the effect on
profitability of a sustained adverse change in costs or prices will be compounded throughout
the rotation. Furthermore, there may be little that the investor can do, in terms of changing
management techniques or marketing strategy, to reduce the impact of such an adverse event.

On the other hand, forest plantations do offer some benefits from the perspective of risk. For
example, favourable changes in costs and prices may also be captured and compounded
throughout the rotation, resulting in higher levels of profitability. A few studies have
suggested that roundwood prices are essentially countercyclical, offering opportunities to
reduce risk within an overall investment portfolio. Forest plantations also have the benefit
that, when comparing them to other manufacturing operations, production can be altered
relatively easily to take account of current market conditions (i.e. if prices are low, the trees
can be left in the ground and will continue to increase in volume).

The anticipated profitability of projects over a long time horizon depends crucially on the cost
of capital or discount rate and the twin components of risk and return. In forest plantation
projects lasting, for example, 30-80 years, a seemingly small change in the assessment of
annual risk would, through cumulative or compounding effects, result in significant
differences in the expected rate of return on the project. Thus, even at the planning stage, it is
extremely important to identify and try to correctly assess the risk associated with any forest
plantation project.

Another point worth noting is that cost of capital is not constant across investment projects
and different countries or through time, but should change according to the degree of risk
encountered. For example, the risk of investing in (i.e. purchasing) a relatively mature forest
plantation is likely to be much lower than the risk associated with establishing new forest
plantations. Different financial arrangements to support investment in the forest plantation
project (e.g. debt or equity financing) also have different levels of risk associated with them.
Consequently, any attempt to produce a robust assessment of the comparative profitability of
forest plantation projects across countries (i.e. by considering risk) is fraught with difficulty.

Even just identifying the risk variables that should be taken into account is not an easy task.
Furthermore, given the quality of much of the existing data and information about forest
plantations, it is almost impossible to assigning meaningful and reliable quantitative values to
many of the uncertainties associated with a forest plantation project.

In reality, most international comparisons of the financial returns from investment in forest
plantations ignore the element of risk or rely on very simple indices or “professional
judgement” to differentiate between different countries. Certainly, in comparison with the

                                                
31 In statistical terms, risk is measured generically as the standard deviation of annual returns arising from a

specified class of investment. More sophisticated statistical tools measuring, for example, skewness and
kurtosis in the distribution of returns, are also utilised in risk analysis.
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methodologies developed for assessing risk in financial markets, the techniques used to assess
forest plantations are relatively rudimentary. To a large extent, this is because there is
insufficient data in the public domain to carry-out a meaningful statistical analysis of many of
the risks associated with forest plantation projects. However, the risks associated with forest
plantation projects can be explained and described in qualitative terms. Mostly, they fall into
four (related and overlapping) categories and these are discussed in more detail below.

2.13.1 Operational risks
 
 This category of risk includes various risks associated with technical and financial
management of the forest plantation project and it includes elements such as the following:
 

•  the risk that there will be inadequate capacity to implement specific silvicultural
activities;

 
•  the risk that the investor will not be able to meet unforeseen financial obligations due

to changes in financial markets (e.g. changes in interest rates);
 
•  the risk of fraud or malfeasance; and
 
•  liquidity risks (i.e. the inability to generate revenues in the short-run to cover

unforeseen costs).
 
 Liquidity risk is one of the most important deterrents to forest plantation establishment,
particularly in the case of individuals and groups that are not very wealthy. For example, even
if an investor establishes a forest plantation with a short rotation (for pulp production), this
usually requires the investor to wait for around 10 years before they will make any income
and there is very little scope for them to make money from the forest plantation in a shorter
period of time. Consequently, investment in forest plantations can generally only be
considered by individuals or companies that have secure access to other sources of cash that
they can draw upon. In developing countries, therefore, there are strong incentives for
smallholders to grow annual crops (such as food crops) rather than trees, even if the potential
returns from forest plantations are extremely high. In these instances, the risk of investing in
an asset with poor liquidity overwhelms the higher returns that might be made.
 
 Liquidity risk can be overcome if there is a market for immature plantations or if there is a
policy framework that supports innovative market arrangements to overcome this risk.
Examples of the latter might include legislation to support the establishment of joint venture
partnerships, forward sales of future cutting rights, or even the development of futures
markets for roundwood and forest products. Generally, these conditions are currently quite
rare and can only be found in developed countries.
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2.13.2 Market risks
 
 Market risk refers mainly to the risk that future prices, costs and market conditions will vary
from those assumed when the initial financial appraisal of the forest plantation project was
prepared. This includes the more obvious risk that the prices of outputs (i.e. roundwood) or
inputs (e.g. plants, machinery and labour) may change. However, it also includes the risk that
less obvious, but equally crucial, market factors may change (such as: interest rates; exchange
rates; and market size). For example, markets can collapse due to the failure of one or a
number of potential buyers, as has recently happened during the Asian financial crisis (this is
closely related to systemic risk – see below). Market risk also includes the risk that the
markets for a particular type of roundwood may shrink due to changes in product
specifications, manufacturing technology or competing products. (For example, see Box 2 on
page 39 for one company’s view about how markets for sawlogs might change in the future
and their response to this risk).
 
 Due to the long time-horizon involved in any forest plantation project, it is quite likely that
costs and prices will change in during the rotation and that this might have a significant effect
on profitability. Ideally therefore, the risk associated with each cost and price figure should be
identified and evaluated. In general, this can be done by calculating the variability
(i.e. variance) of each cost or price based on historical data.
 
 Much work has been done in the financial sector to develop measures and means of assessing
and managing market risks. The most widely used approaches are based on the Capital Asset
Pricing Model (CAPM), which examines the relationship between expected risks and
expected returns. Similar methodologies could be more widely used in the financial appraisal
of investments in forest plantations (particularly outside the corporate sector) and publication
of such analyses might be a useful way of promoting investment in the sector.
 
 
2.13.3 Political and systemic risks
 
 Political and systemic risks are largely macro-level concepts related to the probability of
large-scale political or economic changes taking place that may affect profitability. The most
extreme political risks include the risk of wars, revolutions, nationalisation and major changes
in political and economic regimes. More normally though, political risks are associated with
policy and legislative changes that will affect the general environment for business and
investment in a country.
 
 In terms of investment in forest plantations, political risks will generally affect one or more of
the following: the overall conditions for investment; market conditions; or regulations
governing forest management and harvesting. Specific examples might include changes in the
following: roundwood export regulations; harvesting regulations; taxation of forestry
activities; tariff structures; regulations governing the repatriation of profits; capital
requirements; and environmental regulations. A major concern to any investor in forest
plantations is that, at some point in the future, one or more of their activities may become
illegal (e.g. roundwood export bans or bans on harvesting in particular areas). Governments in
some countries have attempted to reduce these risks by offering joint venture partnerships in
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forest plantation projects. It is unclear, however, whether this is actually perceived by
investors as reducing or increasing risk.
 
 In many developing countries, another important aspect of political risk concerns the security
of land tenure. Many developing countries have conflicting or generally unclear legislation
governing land tenure and security. In such cases, companies and individuals are reluctant to
invest in forest plantation projects for fear that their ownership or rights to use the land may
be questioned in the future.
 
 Systemic risk is the risk that an entire system may collapse due to the failure of one particular
component. If, for example, one company owns all of the facilities used to process the
roundwood from forest plantations, the whole production chain may break down if that
company goes bankrupt. Similarly, the closure of a just a single processing plant may cause a
more widespread failure at a local or regional level. As noted above, many of the recent
difficulties in Asian economies have been ascribed to systemic problems and partial systemic
collapse (most notably in the banking and securities sectors in these countries).
 
 
2.13.4 Ecological Risks

Ecological risks are those associated with biological, climatic and site factors. These include
risks of catastrophic loss from factors such as: fire; wind; snow; unseasonable frosts; drought;
insects; pathogens; and damage by animals. They also include questions concerning the
effectiveness of silvicultural treatments, seedling survival rates and yield estimates.

In general, in developed countries, most of the catastrophic risks can be reduced by buying
insurance or, for large-scale investors in forest plantations, by diversifying their investments
(e.g. by planting many different species in different locations). In developing countries
however, insurance against ecological risk is often unavailable or neglected (often because of
the cost but also, more generally, because the principles of appropriate risk management may
be poorly understood or ignored). In all instances, ecological risks can be minimised by
effective forest management (e.g. by paying careful attention to plant storage, handling and
planting, species selection and fire monitoring and control).

2.13.5 Conclusions about risk

It should be evident from the preceding discussion that risks vary throughout the duration of a
forest plantation rotation. For example, the risk of poor plant survival is generally low once a
forest plantation has survived the main ecological hazards present in the first few years after
planting (e.g. damage by animals, drought, frost, poor plant handling and competition from
weeds). Other risks can rise or fall throughout the rotation (e.g. market risks), although these
risks are sometimes predictable.

For some types of risk, it is possible to reduce risk in a number of ways (e.g. by purchasing
insurance, through diversification or by using other types of risk management tools).
However, this is often not possible or, at least, many investors in forest plantations do not
seem to take such measures. Indeed, it seems to be generally true that investors in forest
plantation projects do not pay as much attention to the assessment and management of risk as
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investors in other sectors. Better information and further analysis of risk-related information
may be an effective way of reducing the total risk associated with investing in forest
plantations and could lead to improved performance in the sector. One way in which market
risk is sometimes analysed is within the context of an overall investment strategy and this is
briefly discussed below.

2.13.6 Developing an investment strategy

Because of the long time period involved in many forest plantation investments, detailed
knowledge about the current state of roundwood markets is of relatively limited value to
investors. Rather, the most successful investors will be those that most accurately predict
long-run trends and may, therefore, have some idea about what the market will look like when
they come to harvest the final crop. In particular, trends in end-uses (i.e. trends in final forest
product markets and technological changes in the processing sector) are likely to be very
strong indicators of what the future market might look like (see Box 7 for some examples of
where end-uses have not been considered very carefully). Such information should be used to
develop an overall investment strategy that guides investment and improves the management
of forest plantations from a financial point of view.

Box 7 Some examples of where end-uses have not been adequately considered in
forest plantation projects

Source: W Killmann (pers comm).

To take industrial forest plantations for the eventual production of sawnwood and panels as
an example there are, in very simple terms, two broad views about general trends in end-use
that might be considered. One view is that solidwood products (i.e. sawnwood and plywood)
will continue to dominate these markets, while the other is that fibre-based and engineered

While it should be fairly obvious that it is important to know what the roundwood from a forest plantation
will eventually be used for, there are frequent examples of forest plantations that have been established with
little idea about future end-uses. In some instances forest plantations have been established as sources of
roundwood supply for planned processing plants that have never been built. In such cases, the roundwood
eventually produced often has to be sold into lower value markets. More often, end-use problems have arisen
because forest plantations have been established with only a vague purpose in mind or in the hope that a
market will develop during the rotation. This has frequently resulted in sub-optimal silviculture and poor
species selection. If the management objectives underlying a forest plantation investment are unclear or
change during the rotation, then the forest manager or owner is often confronted with the question of what to
do with all of the roundwood that will be produced later on.

A number of examples of this problem can be cited. In Malaysia, for instance, the Compensatory Plantation
Project established around 35,000 hectares of forest plantations of Acacia mangium in the period 1985-1987.
These were funded by loans from the Asian Development Bank and were supposed to produce “general
utility timber”. However, the species proved unsuitable for this purpose and the financial returns from the
forest plantations were insufficient to cover loan repayments. Similarly, several thousand hectares of Gmelina
arborea were planted in Sabah in the 1980s. When these forest plantations were harvested, however, no
market could be found for this roundwood. Eventually, the roundwood was sold to Taiwan for the production
of crates at a price that only covered the cost of harvesting and transportation. In Pakistan, the production of
industrial roundwood from forest plantations of Eucalyptus camalduensis and E. citriodora proved
unsuccessful because the high rates of growth reduced the amount of industrial roundwood that could be
recovered to less than 25 percent of the total harvest. Furthermore, due to unstable burning properties, the
roundwood was not even well suited to the production of wood fuel.
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wood products will gradually increase market share. The first view would suggest that forest
plantations should be planted with high quality timber species, probably on long rotations and
with high levels of investment in silviculture (e.g. thinning and pruning). The second view (a
technology-based future) would suggest utilising fast growing, high yield species to maximise
fibre production while minimising maintenance costs. Careful consideration should be given
to trends in end-use markets, processing technology and the current status of end-use markets,
to identify which of these futures seems the most likely.

The development of a long-term investment strategy can be useful to guide the management
of industrial forest plantations for pulpwood production or even for the management of non-
industrial forest plantations. For example, when establishing forest plantations for the
production of wood fuel, consideration should be given to what are the long-term prospects
for other sources of fuel (price and availability) and whether the species can be used for
alternative end-uses if the eventual demand for wood fuel fails to materialise.

2.14 National policy issues

Government policies cover a wide range of economic, social and environmental issues, many
of which can have an impact on forest plantations. However, three policy areas seem to be
most relevant to the outlook for forest plantations:

1. policies to encourage forest plantation development by the private-sector (incentives);

2. policies of direct forest plantation development by the government; and

3. privatisation programmes.

Government incentives are a means of encouraging the private-sector to take actions that are
viewed as being socially desirable or to prevent undesirable outcomes. In some instances,
governments may also create disincentives to attempt to produce the same effects. Direct
forest plantation development by governments occurs where governments wish to retain more
direct control over the development of the forestry sector. This often occurs where the
government is technically the owner of significant areas of land (as is often the case in many
developing countries). Privatisation programmes have become increasingly important in
recent years in many sectors and for a number of reasons. Such policies are of interest because
they result in a shift from direct control over forest plantations, to a system whereby market
forces play a greater role in forest plantation development. Where such policies have been
introduced, governments have to consider the introduction of incentive systems to achieve
objectives that they might previously have achieved through direct control.

A major topic of interest, from the point of view of future roundwood production from forest
plantations, is the impact of policies in each of these three areas on rates of new forest
plantation establishment and on forest plantation management. Where governments still
dominate forest plantation ownership and management, national forest plantation
establishment targets are likely to be determined (at least in part) by the state of government
finances. Although governments may not necessarily achieve their original targets for forest
plantation establishment and management, they generally have some sort of planning
mechanism in place that can give a reasonable indication of future plans. Conversely, in
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purely market-based economic systems, it is generally much more difficult to project what
might happen with respect to forest plantation establishment and management.

This section discusses how policies in each of these three areas can have an impact on the
outlook for forest plantations. A final section also briefly discusses issues related to the
establishment of non-industrial forest plantations.

2.14.1 The costs and benefits of incentive schemes

The introduction of incentives for any economic activity in the private-sector is usually
justified where the economic returns to that activity are greater than the financial returns.32

Thus, in the context of forest plantations, incentives may generally be justified where the
financial returns from forest plantation establishment are lower than the returns from
alternative land-uses, but where the economic returns (i.e. including social and environmental
costs and benefits) from forest plantation establishment would be higher than with the
alternative land-use.33 Net environmental benefits (including soil and watershed protection
and carbon sequestration) are often quoted as reasons to support forest plantation
development, although social and broader economic reasons (e.g. job creation and regional
development) may also be given.

However, many historical forest plantation incentive schemes have been severely criticised,
especially at the global scale. Indeed, incentives have often been "perverse", in that policies
aimed at enhancing environmental or economic values have often resulted in environmental
degradation or inefficient industrial development, either nationally or internationally. For
example, from an environmental point of view, a major criticism of some incentive schemes
is that they have encouraged the clearing of natural forests and their replacement by forest
plantations. While incentives for forest plantation establishment and management have
generally been relatively small compared with the incentives available in other parts of the
forestry sector (and, in particular, in other land-use sectors such as agriculture), these
criticisms are, nonetheless, highly relevant in most cases and forestry policymakers would be
well advised to consider them very carefully.

In very broad terms, most of the World’s forest plantations have been established in one of
the following four ways:

1. directly by government planting (including local governments) financed out of the
national or local government budget;

2. directly by governments with support (finance and technical assistance) from
international or multilateral donor agencies;

                                                
32 By this, it is meant that the net economic benefits (i.e. taking into account financial, social and environmental

costs and benefits) from that activity are greater than the net financial benefits alone.

33 A similar argument could also be made for incentives for improved management of forest plantations, if
improved management would lead to net environmental or social benefits that do not result in net financial
benefits.
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3. by the private-sector with incentives from the government (sometimes these incentives
are financed by donors); and

4. by the private-sector without any incentives.

A very high proportion of the world’s forest plantations has been established under one of the
first three regimes. As noted above, in most of these instances, non-financial objectives
(e.g. environmental, social or, sometimes, political objectives) have been given as reasons to
justify government support, rather than purely financial objectives. On the other hand,
private-sector investment in forest plantation projects (without any incentives) is relatively
uncommon. This is generally due to the comparatively low financial rate of return on forest
plantation projects in most countries. Incentives are, therefore, generally required to
encourage investment in forest plantation projects in almost all countries.

The fundamental difficulty created by governments providing incentives to the forestry sector
(and to other sectors) is that they create distortions in the economy, both at a national level
(across all sectors) and in terms of the forest sector globally. Incentives create artificial
competitive advantage and thus distort the efficient allocation of resources across sectors and
between countries. As already noted, incentives are necessary to achieve social or
environmental goals that market forces will not otherwise deliver, but they can also result in
the survival or weak or unviable (i.e. economically inefficient) companies in the forestry
sector and the continuation of inefficient forestry practices. In a few cases, incentives have
been simultaneously economically inefficient, environmentally damaging and socially
inequitable.

Despite all of the above problems, a wide range of incentives can commonly be found in the
forestry sector in most countries. Examples include: artificially low stumpage rates set by
governments (i.e. subsidised roundwood prices); afforestation grants; grants for investment in
transport and roading infrastructure; energy subsidies; preferential tax treatment of forestry
investments; grants to promote investment and exports; bans on exports of certain types of
forest product; and distorted tariff rates. In almost every instance these mechanisms have
resulted in the undesirable effect of promoting inefficient and superfluous forest processing
capacity and poor forest practices. Thus, at present, the global forestry industry can be
characterised as one where many “uneconomic” forests continue to be logged to supply large
numbers of inefficient mills.

The cumulative effect of all of the distortions caused by these incentives is that stumpage
prices are often artificially depressed in many countries. Furthermore, the impact of incentives
in some cases could even be so strong as to artificially depress forest product prices. One
consequence of this is that the artificially low prices for outputs pushes down the rates of
return that would be achieved on investment in a forest plantation project. This is why it is
often necessary to provide incentives for forest plantation projects, to “level the playing field”
between forest plantations and (heavily subsidised) harvesting in the natural forest. A similar
situation also arises with respect to the comparison between forestry more generally and the
(often heavily subsidised) agricultural sector.
2.14.2 Some examples of different types of incentives for forest plantations

Historically, a wide variety of different types of incentive has been offered for forest
plantation establishment and management in various countries. The most obvious type of
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incentive is a direct subsidy whereby the government gives financial assistance to individuals
and companies investing in a forest plantation. Such subsidies may take the form of flat-rate
grants per unit of land planted or may be set as a proportion of costs. Alternatively, subsidised
inputs such as fertiliser or fuel may be provided. Another variation on this theme is the
provision of free materials, such as the provision of free tree seedlings in the 20 Points
Program for Afforestation in India.34

Generally, the highest levels of subsidy for forest plantations can be found in developed
countries (see Box 8 for an example of forestry incentives currently available in the European
Union). Due to high levels of income, combined with a strong tax base and relatively
effective government institutions, such countries can generally afford to pay the private-sector
directly to carry-out activities that are deemed to be in the public interest. Developing
countries, on the other hand, tend to favour schemes that are perceived to have lower costs
(such as tax incentives).

Box 8 Forestry Incentives in the European Union

Source: EC Council Regulation (EC) No 2080/92.

The United States of America has offered reforestation incentives to smaller landowners since
1978. Under the Forestry Incentives Program (FIP), the government will share up to 65
percent of the costs of tree planting, timber stand improvement and related practices on non-
industrial private forest lands. Incentive payments are limited to $10,000 per person per year
with the stipulation that no more than 65 percent of the cost may be paid. In 1997,
US$ 6.3 million was paid under the FIP.

One developing country that has had a forest plantation subsidy scheme similar to those
above is Chile (between 1974 and 1994). The main subsidy available during this period was a
grant to cover 75 percent of the costs of reforestation. In addition to this, other payments were
also available to cover part of the costs of other silvicultural activities. The Government of
Chile is estimated to have paid around US$ 50 million in reforestation subsidies during this
period (Uribe and Franzheim, 1999). The government also granted exemptions on property
and inheritance taxes on reforested land and established a special line of credit for
reforestation with the central bank.
                                                
34 Indeed, some would say that the provision of extension services is also a form of subsidy, although it can be

argued that the dissemination of information about best practices can be of greater value than just being seen
as a subsidy to the private-sector.

The EU aid scheme for forestry is based on both economic and environmental considerations. The scheme
was implemented as one of the accompanying measures of the 1992 CAP agricultural reforms and aims to
control agricultural production and contribute to long term improvement of forest resources by assisting
afforestation. In 1994 around 650,000 hectares of regional and national afforestation, and an additional
130,000 hectares of woodland rehabilitation was approved for funding for the period 1993-1997. The EU
contribution to Member States' expenses ranges between 50-75 percent of costs and the contribution to above
programmes is estimated at ECU 1.2 billion. Direct afforestation payments are presently available to a per
hectare maximum of ECU 2,415 for eucalyptus plantations, ECU 3,623 for conifer plantations, and ECU
4,830 for broadleaved or mixed plantations comprising at least 75 percent broadleaved species. Additional
payments are available, as a premium to compensate for income losses on previously worked agricultural
land (ECU 724 per hectare), for maintenance costs (ECU362 per hectare per annum maximum), and for
forest roading (ECU 21,735 per kilometre).
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More recently, Ecuador and Colombia are reported to have adopted the incentive model
developed in Chile. In Colombia the main objective of this support is to improve the
environment, whereas Ecuador has given economic objectives (such as the bringing marginal
land into production, creating new jobs and increasing the exports of forest products) as the
reasons for such support. Similarly, Brazil has used a combination of subsidies and taxation
incentives to encourage forest plantation establishment in the past.

Tax incentives have been used to stimulate forest plantation development in a number of
countries, particularly in Latin America. As noted above, governments generally view tax
incentives more favourably than subsidies, because they reduce tax revenues (often many
years in the future) rather than requiring current government expenditure. In Panama, for
example, reforestation incentives were introduced in 1992 that allowed reforestation activities
to result in favourable tax treatment for the purposes of income tax, real estate and land
transfer taxes. Similarly, in Costa Rica, reforestation costs qualify for tax refund certificates,
which may be applied toward any national tax. Argentina is also presently in the process of
developing legislation to offer tax-breaks and subsidies to finance up to 80 percent of land
costs.

Amongst developed countries, the United Kingdom has a long history of favourable tax
treatment for forestry activities. Income from timber sales has been exempt from taxation
since 1988. Before this, tax treatment was even more favourable and investors in forest
plantations were able to offset their establishment and management costs as losses against
other sources of personal income (see Box 6 on page 68).

The third popular form of government incentives is the provision of loans with easy
repayment terms for forest plantation establishment. The Philippines continues to provide
Industrial Forest Plantation Loans and tax exemptions to forest plantation investors. New
Zealand used Forestry Encouragement Grants and Loans to facilitate small-scale forest
plantation establishment by the private-sector and local authorities until 1984.

2.14.3 Effectiveness of incentives

By far the largest share of all forest plantation incentives goes to incentives to support the
new planting or replanting of forest plantations Indeed, as noted above, the majority of
plantation establishment has probably been carried out either by the government or as a result
of incentives for establishment. However, the role that incentives have played in promoting
forest plantation establishment remains controversial. For example, Keipi (1997), in
reviewing the success of government plantation incentives in South America, suggests:

"In the cases of Brazil and Chile, the availability of adequate incentives for the
establishment of forest plantations was a minor factor contributing to forest
industry growth, once a critical initial mass of plantations was established
(Beattie, 1995). For example, Wurster (1994) claims that subsidies had only a
secondary impact in promoting plantations in Chile. More important factors have
been comparative advantage and a favourable general economic environment."
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Furthermore, Keipi suggests that the following five factors (broadly in line with Porter's
theory of competitive advantage) are more crucial to successful forest plantation
development:

1. political and macroeconomic stability;

2. trade liberalisation and open foreign investment;

3. clearly established property rights for land;

4. credible government with adequate capacity to enforce laws and administer incentive
schemes; and

5. good natural growing conditions, proper technologies and basic infrastructure.

Conversely, Clapp (1995a), in a review of forest policies in Chile, suggests the following:

"Some policies were ineffective, others were effective but blunted by contradictory
policies, and at least one was stunningly successful - the 75 percent reforestation
subsidy established in 1974. In a generation Chile has created one of the world's
most competitive forest resources…”

Clapp notes that the average annual afforestation rate in Chile between 1940 through 1974
was only 11,373 hectares, but that between 1974 and 1990 (when the subsidies were
available)35 this increased to almost 80,000 hectares per annum. Nonetheless, Clapp suggests
that it still remains unclear as to whether Chile's forest plantation policies were necessary or
whether the free market would have generated reforestation without state promotion:

"Much of the Chilean debate over the plantations concerns the hypothetical costs
and benefits of plantations without government subsidy and the justice of devoting
public funds to the development of a privately owned resource. Advocates of the
governmental subsidy, like Emilio Guerra (November 1990 interview, Temuco) of
CORMA argue that the "high social return but insufficient private return" of
reforestation justified the public expenditure. In addition, the subsidy is held to
promote an ecologically appropriate use of deforested land, benefiting the
environment as well…. It is equally difficult to evaluate whether the incentives
were economically efficient, since estimates of the true costs of afforestation vary.
A World Bank study found that afforestation would have been profitable even
without the DL 701 subsidies; another study found that reforestation would have
been unprofitable, absent a substantial rise in the price of wood. The opportunity
costs of the public funds and the private resources attracted by the subsidies
further complicate the issue."

                                                
35 The subsidies were among a bundle of measures enacted as Decreto Ley 701 (DL701), the forestry law in

1974. The primary intent of DL 701 was to persuade the private sector to assume the task of reforestation.
The decree maintained some of the tax exemptions established in 1931 and added direct payments to the tax
incentives. The key provision reimbursed 75 percent of the costs of reforestation (Clapp, 1995b).
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Clapp concludes that the Chilean government may have paid more than necessary to establish
forest plantations but that it achieved its purpose. However, he also raises the important
philosophical point regarding subsidies, namely, whether the opportunity cost of using
government revenues to stimulate investment in forest plantations can be justified. In
particular, whether governments should be reallocating wealth through taxation and
commercially driven subsidy programmes.

Similar questions can be raised with respect to taxation incentives and forestry loans. Tax
incentives are often particularly criticised because they tend to encourage investment by those
more interested in short term tax relief rather than in technically sound forestry practices (see
again, Box 6 on page 68). In developing countries, tax incentives may also not be much use to
small landowners, who probably do not pay income tax anyway. Forestry loans may reduce
some of the economic distortions associated with subsidy programmes. However, their main
disadvantage is the generally high transactions costs associated with administering loan
programmes over the long-life of forestry projects.

2.14.4 Planting policies

Almost every significant national forest plantation programme appears to have been started by
governments, or at least with a significant component of government participation. In part,
this results from two important elements of industrial forest plantation development:

1. the long time between expenditure and income generation in a forest plantation; and

2. the need for the sector to develop sufficient critical mass before it can achieve
long-run viability.

The first element is strongly identified with forestry investment more generally, while the
second applies to a broad range of industries. However, in part, the two elements are related.

On reason for governments to become heavily involved in forest plantation development is to
develop a critical mass of forest plantations, so that either these resources can be used to
deliberately substitute for production form the natural forest or in response to a projected
decline in harvests from the natural forest. In terms of the latter, at a national level,
governments are generally best placed to recognise impending roundwood supply shortages,
which may be evident up to 50 years before shortages become acute.

For example, Box 9 describes how such concerns provided the initial impetus for forest
plantation development in New Zealand. The private-sector is less likely to respond to
potential shortfalls over such a long time-horizon, particularly where substantial investment
in research and development may be required. Thus, in New Zealand, not only was the
government primarily responsible for the establishment of the forest plantation estate, but it
also established the initial research and processing facilities to demonstrate that roundwood
from the forest plantations that they were developing could be used in the forest processing
industry.
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Box 9 Forest plantation development in New Zealand

Source: Brown (1997).

Once a country's forest plantation estate achieves certain critical mass, however, it can be
more efficient to leave the private-sector to increase the forest plantation sector further. Thus,
for example, New Zealand, Chile, Brazil and the United States of America all now have
significant forest plantation estates owned and managed by the private-sector. Nonetheless,
active government support for forest plantation establishment remains widespread (see, for
example, Box 10), despite a noticeable trend towards governments tending to devolve
commercial forestry operations to the private-sector or local communities.

Box 10 Government forest planting programmes in China and India

Sources: Shi et al (1998) and Ahmed (1997).

Brown (1997) describes the genesis of plantation development in New Zealand.

A Royal Commission on Forestry…reported to Government in 1913. The report recognised that the natural
forest was not inexhaustible, the existing methods of use were wasteful, and that natural forest species were
not commercially suitable for afforestation. The Commission recognised that future needs would have to
come from imports, or from large scale planting of introduced tree species.

In response to the findings of the Commission, a review of the country’s natural forest estate was
undertaken. The results of this survey, produced in 1925, confirmed the fears of the Royal Commission.
Balancing the expected future total wood production from natural forests against anticipated future domestic
requirements for timber revealed that the supply from natural forests would be exhausted by 1965 - 70. The
remedial action put to the Government by the Director of Forests was to mount an extensive afforestation
programme to increase the area of State planted forests.

The largest remaining government forest plantation establishment programmes are those of China and India.

In China, the central government was instrumental in establishing and managing the large-scale plantation
programme, the bulk of which have been established under the 1980 Directive On Vigorously Carrying Out
Tree-Planting And Afforestation Activities. At the same time, many of the provinces also commenced
plantation establishment programmes. Shi et al (1998) cite the total area afforested by the State between 1949
and 1986 as more than 20 million hectares. More recently, the private sector and community role in
plantation establishment in China has increased. Forestry loans and subsidies are available to private sector
investors and several regeneration levy schemes have been implemented. Nonetheless, at present, the
majority of plantation establishment is being carried out by the State in accordance with the Ninth Five-Year
Plan (1996-2000) which plans for the establishment of 3.34 million hectares of plantations.

In India, around 70 percent of plantation establishment is carried out by the State. Ahmed (1997) notes:

The government funded afforestation activities have only reached a level of about 1.0 million
hectare per year in degraded forest areas and around 0.50 million hectare per year in village
commons and private lands under various afforestation schemes. In all the total annual
afforestation efforts from all sources fluctuate between 1.0 to 1.3 million hectares.

India established a National Afforestation and Eco-Development Board in 1992 with responsibility for
promoting afforestation, tree-planting and ecological restoration projects. The majority of new planting is on
public lands under a 20 Points Plan for Afforestation. This programme also co-ordinates seedling distribution
for planting on private lands.
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2.14.5 Privatisation

Privatisation has been an increasingly fashionable direction for government policy since the
mid-1970s. Globalisation, increasing pressures toward free-trade, efforts to balance
government finances and perceptions that resource efficiency is improved by accessing
private sector management skills and investment, have all caused a number of governments to
rethink their reasons for involvement in productive sectors of the economy. Generally, this
has resulted in the sale of some non-strategic nationalised industries. Forests have not been
immune to this trend, although sales of publicly owned forests has not been a common event.

The strongest arguments for privatisation in the forestry sector have been put forward in cases
where state forests are not perceived as producing very much in the way of non-financial
(i.e. social or environmental) benefits, or where continued production of these benefits can be
ensured by a strong regulatory framework. To date, only three countries have pursued forest
privatisation to a great extent: Chile, New Zealand and the United Kingdom (see Box 11). In
each instance, the forests sold have been forest plantations, planted largely with exotic
species. This is not surprising since, from a social and environmental perspective, such forests
are perceived by the public to produce much lower levels of non-financial benefits than
natural forests. Experiences from all three countries show that not only is forest plantation
privatisation feasible, but that it can also deliver a number of positive outcomes, both for
government and for the forest industry. In none of the three countries has privatisation, in
itself, created inordinate social, economic, or environmental problems. Not surprisingly,
therefore, several other countries are examining options for forest plantation privatisation.

The Government of South Africa is currently proposing to withdraw from direct involvement
in commercial forestry and is examining lease options for forest land. The majority of
government-owned plantations in South Africa have been corporatised in SAFCOL, a
parastatal company. This step parallels the privatisation process in New Zealand where the
government's commercial forestry activities were first institutionally separated from policy
functions and then sold to the private sector.

Forest plantation developments in South Africa, New Zealand, Chile and Australia have all
followed a similar course (which might be called the “Southern Plantation Forest Model”).
The fourth member of the group, Australia, is different from the other three in that the
majority of its forest plantations are still owned by state governments (i.e. at the state level
and not the national or federal level). Nonetheless, several states, including Victoria and
South Australia, are reported to be examining forest plantation privatisation options.

A second group of countries examining and implementing forestry privatisation programmes
is the former centrally-planned economies in Europe. Privatisation of state-owned businesses
is widespread throughout Eastern Europe, though not particularly well documented. In the
forestry sector, both Slovakia and Latvia are reported to have privatised significant areas of
forest, as has Romania. In 1996, the area administered by state-owned forestry companies in
Slovakia decreased by 655,000 hectares (Slovak Information Agency, 1997). The
Government of Poland is reportedly proposing a comprehensive programme of forest
privatisation and several other countries are doubtless contemplating similar programmes. In
many cases, the issue is one of restitution (handing back lands and assets formerly
nationalised by the state) as opposed to privatisation in the usual sense of the word.
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A handful of developing countries, particularly in Africa (e.g. Uganda and Kenya) are also
seriously considering privatising some of their forest plantations.

Box 11 Experiences with privatisation in Chile, New Zealand and the United Kingdom

Sources: Clapp (1995a); Brown and Valentine (1994); and Whiteman (1998).

Chile was one of the first countries in the World to introduce a widespread policy of privatisation and was
also the first country to embark on a policy of deliberate forest plantation privatisation. Forest plantations
held by the Corporacion Nacional Forestal (CONAF) were sold, along with land, nurseries and machinery,
during the period 1975-1979. An interesting side-effect of the new policy environment was a major
acceleration in forest plantation investment by the private-sector. For example, as Clapp (1995a) notes:

The proportion of reforestation performed by the state fell from a high of 91 percent in 1973 to
almost zero in 1979, while the rate of plantings soared. New plantation areas averaged almost
80,000 hectares annually from 1974 to 1990, more than 3 times the rate from 1960 to 1973.

The New Zealand experience in privatisation bears many similarities to that of Chile. Privatisation in New
Zealand was first announced in December 1987. Government assets were to be sold with the primary aim of
reducing public debt. Other reasons for state asset sales were also given, namely:

1. that government ministers are not good owners of businesses;
2. to avoid the possible need for future government investment;
3. to minimise the government's risk exposure in the business sector of the economy; and
4. to enable ministers to concentrate on matters of economic and social policy.

The criteria for asset sales were that taxpayers must receive more from the sale than they would from
continued ownership and that the sale must make a positive contribution to the government's economic and
social policies. A major objective in the forestry sector was to rationalise the estate and produce a more
efficient, internationally competitive forestry sector. A particular concern was the need to provide security of
supplies to processors in order to attract new investment into the industry.

This initial sales round was relatively unsuccessful: only two bids (for 72,000 hectares in total) were
accepted. All other bids were rejected as being too low. However, the government later entered into round of
negotiated sales that resulted in the sale of another 174,000 hectares. The third stage of privatisation was the
sale of forests managed by the state-owned enterprise: New Zealand Timberlands. In April 1992, New
Zealand Timberlands was sold to an American Company, ITT Rayonier. In 1997, the final phase of the
plantation privatisation process was completed with the sale of the Forestry Corporation of New Zealand and
its 190,000 hectares of plantations.

In the case of the United Kingdom, privatisation policies were first introduced in 1979 and the sale of
publicly owned forests began in the early-1980s. Forests selected for sale were primarily chosen where their
disposal would rationalise the management of the state’s forest estate. The government also, however, set
targets for the revenue from sales of forest and the area to be sold each year (£150 million and 100,000
hectares by the year 2000). By March 1997, the Forestry Commission had sold 66,000 hectares (out of a total
of 900,000 hectares before the sales started) and raised £75 million.

The type of forests sold were mostly remote conifer plantations or areas difficult to manage in some other
way, such as very small forest plantations. Forests providing a high level of non-timber benefits were not sold
but, in the early 1990’s, concerns were raised about the loss of public access. In response to this, the Forestry
Commission initiated a policy of giving local government the opportunity to enter into legally binding access
agreements over areas about to be sold.

Complete privatisation of the remaining publicly owned forest estate was considered in 1994. However,
complete privatisation was rejected on the grounds that:

1. it was unlikely that the whole resource could be sold en masse for a reasonable amount;
2. such a sale would be legally and administratively complicated; and
3. there would be considerable public resistance to such a move.
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2.14.6 Issues related to the establishment of non-industrial forest plantations

Forest plantations established for reasons other than commercial industrial roundwood
production (i.e. non-industrial forest plantations) are a significant component of the total
forest plantation resource. The objectives of management in such forest plantations can vary
widely, but the most common are: production of wood fuel; rehabilitation of degraded land;
watershed protection and/or soil erosion control; employment generation; regional
development; production of non-wood forest products (NWFPs); and production of other
forest services (such as carbon sequestration). In nearly all cases, such plantations are
established with government support because of the non-commercial nature of management
objectives.

The establishment of forest plantations for wood fuel production is most common in South
Asia. Countries such as India, Pakistan and Bangladesh mention wood fuel production
specifically in their forest plantation policies. In India, for example, one of the functions of
the National Afforestation and Eco-development Board is to, "restore fuelwood, fodder,
timber and other forest produce on the degraded forest and adjoining lands in order to meet
the demands for these items" (Government of India, Ministry of Environment and Forests,
1999). Similarly, in Pakistan, the 1991 forest policy specifies the goal of, "meeting the
country's environmental needs and requirements for timber, fuelwood, fodder and other
products by raising the afforestation area" (FAO, 1995b).

Most forest plantations for wood fuel production are established for supply to local
communities and most are located in developing countries. Larger scale projects do exist
though. For example, in the 1980s the Philippines unsuccessfully attempted to implement
policies to establish large-scale forest plantations as a source of commercial dendro-thermal
power. However, large-scale wood fuel plantation programmes are relatively uncommon.

A number of factors contributed to the lack of success in the Philippines, including: sub-
optimal species choice; problems with matching species to site; the use of narrowly-based
genetic material; sub-optimal forest management regimes; and an absence of alternative fuel
sources or contingency plans. Issues such as these are pertinent to all types of forest plantation
development. Specifically with respect to the development of small-scale forest plantations
for local wood fuel supply, issues that should be considered are the usual community forestry
issues (e.g. extent of participation in the project, gender issues and the use of appropriate
technology) plus careful consideration of the long-term demand for wood fuel.

The establishment of forest plantations to rehabilitate degraded land is common in many
countries. Indeed, some of the largest areas of non-industrial forest plantation establishment
can be found in North Africa, China, and the Indian subcontinent, where such planting is
being used to stop or reverse desertification. One of the most interesting projects is the
Algerian "Green dam" (Mather, 1993). This project started with planting on a small-scale at
Bou Saada in the 1960s. The long-run plan is to establish a forest plantation belt covering
3 million hectares across Algeria as a barrier to desert encroachment.

Watershed and soil protection are similar reasons for establishing non-industrial forest
plantations. Currently, the world's largest non-industrial forest plantation project is China's
Three-North Shelterbelt Development Project, which is being developed specifically for these
reasons. This project commenced in 1978 and will eventually result in the establishment of 35
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million hectares of shelterbelt networks to protect against soil and water erosion. Protection
from soil erosion is, perhaps, the most common reason for planting trees, although many
projects (e.g. line-planting and agroforestry) are classified as trees outside forests rather than
forest plantations. Populus, Salix and Paulownia species are particularly utilised for this
purpose in many regions.

In all these cases, the main policy issue that should be considered is the effectiveness of forest
plantations for meeting the specified objectives. Forest plantations can make a significant
contribution to efforts to halt desertification, soil erosion and watershed degradation, but the
management of the forest plantations has to be designed to specifically meet these needs.
Again, these projects are often small-scale and community based and community forestry
techniques should be developed and used if such projects are to be successful. Given the large
amounts of public support often involved in such projects, it is also important to ensure that
government institutions have the capacity to implement such projects and that other policy
measures are in place to promote success (e.g. clear guidelines regarding the eventual use of
such forest plantations once they mature).

2.15 International policy issues

At the international level, a number of recent policy initiatives may have a direct influence on
the outlook for forest plantations. The two most important are probably the development of
criteria and indicators for forest management and the Kyoto Protocol. These implications of
both of these initiatives are briefly discussed below.

2.15.1 Criteria and indicators for sustainable forest management in forest
plantations

Sustainable forest management is, without doubt, currently the biggest issue on the
international forest policy agenda. A broad range of fora (including a number directly or
indirectly resulting from the United Nations Conference on Environment and Development
(UNCED) in 1992) are considering issues associated with forest sustainability. In particular,
many of them are attempting to establish criteria and indicators to measure the sustainable
management of forests. For example, the Montreal Process provides seven broad criteria for
the sustainable management of temperate and boreal forests including plantations. Similar
criteria have been developed for tropical forests, by the Tarapoto Proposals (Amazon forests),
the Central American Process of Lepaterique (Central America), and more generally through
the ITTO Guidelines for the Establishment and Sustainable Management of Planted Tropical
Forests (1993); for European forests, under the Pan-European (Helsinki) Process; and for dry-
zone forests within the framework of the Dry- Zone Africa and Near East Processes.

However, there remains significant debate in international circles about the desirability and
sustainability of plantation forests as a means of producing roundwood in the long-run. For
example, the UNCED Statement of Forest Principles (1992) specifically recognises the
contribution of forest plantations in, “off-setting pressure on primary/old-growth forest”.
Similarly, Solberg et al (1996) conclude that,



Christopher Brown

The global outlook for future wood supply from forest plantations

86

“There is tremendous scope for raising forest productivity through the
intensification of forest management…. The challenge is to achieve this with
minimum loss of biodiversity and other damage to the environment and without
harming the already fragile social fabric of rural communities. In other words,
wood production will have to be, and can be, expanded within the context of
sustainability”.

The challenge for countries promoting forest plantations as a means of producing roundwood
in the long-run is to ensure forest plantation management practices are acceptable to the wide
range of stakeholders with a legitimate interest in this area. In some instances, this may mean
adjusting existing management practices.

If acceptable criteria and indicators for the sustainable management of forest plantations can
be developed and agreed by all, this will be a positive step toward gaining greater acceptance
of forest plantations. Setting objective measures of sustainable management will provide an
opportunity to demonstrate the sustainability of forest plantations, or assist with the
development of revised practices.

Developing indisputable evidence36 that forest plantations can contribute decisively to the
overall sustainability of forest management in a country will doubtless enhance the
attractiveness of forest plantations as an alternative source of roundwood. It is difficult,
however, to argue that current uncertainty about their contribution to sustainable forest
management is presently impeding forest plantation development. There is, for example, little
evidence of forest plantation programmes slowing markedly in the post-UNCED era. If,
however, forest plantations are generally accepted as contributing to environmentally,
ecologically, and socially, benign development, at the same time as producing goods and
services, then a number of countries may expand forest plantation programmes.

2.15.2 Forest plantations and the Kyoto Protocol

Another one of the outcomes of international discussions since UNCED is the emergence of
the possibility that forest plantations will qualify innovative financing mechanisms under the
Kyoto Protocol.

The potential problem of global warming and the contribution of carbon emissions to this
problem has been discussed at many international meetings since UNCED. These meetings
have included discussion of the role of forests in the global carbon balance but have not, until
recently, reached any consensus about whether forest plantation projects can be included as
part of an overall strategy to reduce net carbon emissions. For example, DiNicola et al (1997)
noted:

The lack of comprehensive emissions reduction policies has meant that there are
no economic drivers to implement such "carbon farm" plantations. There are no
examples of carbon-dedicated plantations, or even commercial forest plantations

                                                
36 A comprehensive review of evidence concerning the narrow-sense sustainability of forest plantations was

recently commissioned by the UK Department for International Development (for further details, see: Evans,
1999).
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with carbon offset components built into them. It can be expected that as GHG
emission regulations become more stringent, traditional forest management
players with extensive plantation experience will design more sophisticated
investments, with greenhouse sequestration options built into them.37

However, the adoption of the Kyoto Protocol to the United Nations Framework Convention
on Climate Change (in December 1997) represents a major step forwards in this direction.

The Kyoto Protocol provides a framework for accounting for every country’s net emissions of
carbon to the atmosphere and includes targets for the reduction of such emissions in a number
of countries. It recognises the role that forests play in the global carbon balance and,
therefore, allows changes in forest carbon stocks to be included in the calculation of net
changes in every country’s carbon emissions.

The Protocol also includes a number of provisions to establish market-based instruments to
encourage carbon emission reductions and carbon sequestration projects (which might include
forestry projects). In particular, the Protocol provides mechanisms for the development of
project-based credit trading between countries (Joint Implementation) and a Clean
Development Mechanism (CDM). Consequently, Brand (1998) argues:

“We are likely to see at least three trends flowing from the Kyoto Protocol in the
forest sector - increase in plantation forests, increasing use of forest biomass as
an energy source, and a substitution of wood products for other, more energy
intensive materials.”

There remain a number of uncertainties surrounding the Kyoto Protocol. A number of
countries have still to ratify the Protocol and to incorporate its provisions in to national law.
The exact way in which forestry projects might be incorporated into Joint Implementation and
the Clean Development Mechanism is also still under discussion. However, it seems likely
that, in the future, some sort of arrangement will be made for countries to increase carbon
sequestration by the establishment of forest plantations and to include this in the calculations
of performance against their emissions targets. There remains some uncertainty about whether
"offset plantations" will be a mainstream development under the Kyoto protocol or whether
they will only work in a small number of cases. However, if it the former turns out to be true,
this will have a major impact on the outlook for forest plantations.

                                                
37 However, Di Nicola et al also noted that:

“…at least ten developed countries, including the United States, Netherlands, Canada,
Germany, Australia and Japan have developed, or announced intentions to develop,
mechanisms to review and approve international investment proposals which reduce GHG
emissions (Stuart and Sekhran 1996). To date these national programmes have led to
implementation of several projects and an estimated capitalisation of US$40 million.”

Several of these national programmes have included measures in the forestry sector, including forest
plantation programmes.
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3 THE OUTLOOK FOR WOOD SUPPLY FROM FOREST PLANTATIONS

The preceding analysis has described the trends and current status of forest plantation
development around the world and examined a number of economic and political variables
that affect the forest plantation sector. The analysis reveals that forest plantation development
is often the result of a mixture of complex economic, environmental, political and,
occasionally, philosophical decisions. However, a very important point that should also be
made, is that these decisions are not taken in a vacuum. Rather, they are taken within a
broader and more complex framework of economic, social and environmental aspirations,
which are often expressed and articulated outside of the forestry sector. These broader
aspirations are often difficult to identify, measure and analyse, but they are likely to influence
forest plantation development far more than simple considerations of future wood supply.

Forest plantation development is part of a complex adaptive evolutionary approach to meeting
future demands for both wood and non-wood products and for a range of environmental and
social services that forests can provide. In some instances (for example in New Zealand),
policymakers have tried to meet these demands by rigorously differentiating the functions of
natural forests and forest plantations. In most countries, however, the concept of multiple-use
management has been adopted, in recognition of the non-market benefits that forest
plantations can provide and in recognition of the fact that natural forests probably can
continue to play a role in future wood supply as long as they are managed sustainably.

In the context of this study however, two questions are of most importance to the outlook for
roundwood supply from forest plantations:

1. what is the likely future supply of roundwood from forest plantations under current
policies; and

2. what are the choices available to policymakers and how are these likely to influence
future supply?

The final section of this paper is, therefore, devoted to quantitatively modelling future
roundwood supply potential from forest plantations, and then to qualitatively appraising the
scenarios and the impacts of particular policy choices.

3.1 Alternative scenarios for forest plantation development

Three scenarios for future potential roundwood supply from forest plantations have been
modelled in this study. This modelling is not based on a detailed analysis of national forestry
policies or statements38 or on an analysis of the economics of alternative forest plantation
development strategies. Rather, the intention is to present a broad range of possible future
outcomes, then to examine some of the forces that may affect the future course that is
eventually chosen. This includes an examination of the ways in which future changes might

                                                
38 Any attempt to guess the future policies of the large number of countries included in this study is unlikely to

be successful.
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be implemented and a discussion of how effective such changes would be in meeting future
forestry policy objectives.

Since the objective is to examine the future from the perspective of forestry policy, rather
than to attempt to model silvicultural or technological dimensions of forest plantation yields,
only the rate of new planting varies between the scenarios. In other words, the modelling is
designed to show the impact on future roundwood supply of different rates of forest
plantation establishment. Other potentially important variables (such as changes in mortality
rates39) are varied over time within each scenario, but do not vary between scenarios.

The three alternative forest plantation establishment scenarios considered in this analysis are:

1. no new forest plantation establishment, but replanting of all existing areas after
harvesting;

2. new planting at a fixed annual rate equal to one percent of the current forest plantation
area (plus replanting of all existing areas after harvesting); and

3. new planting at the estimated current rate of new planting for 10 years, with this rate
reduced by 20 percentage points at 10 yearly intervals40 (plus replanting of all existing
areas after harvesting).

The projected levels of potential41 future roundwood supply from forest plantations under
each of these three scenarios are presented below for the period to 2050. (A detailed
description of the modelling methodology is presented in Appendix 2). As earlier, these
projections make the simple assumption that industrial forest plantations will be used in the

                                                
39 Mortality rates here do not refer to mortality in the silvicultural sense (i.e. the reduction in stems per hectare

due to mortality throughout the growing cycle). Rather it refers to the process of reducing reported planting
areas to account for inaccuracies in reported statistics and crop failure. Two adjustments have been made as
part of this process. Firstly, the area of forest plantations in each age-class (from the literature search) has
been reduced so that, in total, they equal the netted-down total area reported by Pandey (1997). In this
process, an exponential weighting function was used to reduce areas in the older age-classes by relatively
more than in the younger age-classes (on the grounds that statistics on the areas most recently planted are
likely to be more accurate). Secondly, statistics on planting for each country report the area planted but, in
many countries, a proportion of that area dies after the first few years. Another exponential function was,
therefore, used to simulate the likely losses from crop failure across the age classes derived for a country as
forest plantation areas mature throughout the projection period. This function placed most of the losses in
areas that have been planted recently, because the probability of crop failure is likely to decline over time as
forest plantations mature. These adjustment factors therefore, vary over time, but they do not vary between
the different scenarios. For further details, see: Appendix 1 on page 127.

40 For example, if the area of forest plantations in a country has increased from 1 million hectares in 1990 to 1.5
million hectares in 1995, this would imply a current establishment rate of 100,000 hectares per year. Under
this scenario, it would be assumed that this country will establish 100,000 hectares per year from 1995 to
2004, 80,000 hectares per year from 2005 to 2014, 60,000 hectares per year from 2015 to 2024, 40,000
hectares per year from 2025 to 2034 and 20,000 hectares per year from 2035 to 2050.

41 Note that these projections are projections of potential production (i.e. the volume of wood that will reach
the end of its rotation period in each year). Actual production in any year may be different to this for a
number of factors. Consequently, these projections should be viewed as projections of volumes that forest
plantations could produce rather than as the level of production that they actually will produce.
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future for the production of industrial roundwood, while non-industrial forest plantations will
be used for the production of wood fuel.

3.2 Scenario 1: zero increase in forest plantation area (no growth scenario)

The first scenario can be considered a baseline scenario, under which there is no further new
forest plantation establishment in the future. This scenario does, however, assume that all
harvested areas will be replanted with the same species and for the same purpose (i.e.
industrial roundwood or wood fuel production) in the year that they are harvested. Thus, the
total area of forest plantations remains constant in each country throughout the projection
period (to 2050). Variations in projected potential roundwood production over time are,
consequently, the results of changes in the forest plantation age-class distributions within
countries and for different species (determined, in turn, by the existing age class structures
and different rotation lengths used for each species).

3.2.1 Projected potential industrial roundwood production under Scenario 1

Figure 22 shows the projection of future potential industrial roundwood production to 2050
under Scenario 1, by year and by geographical region. In this scenario (as in all of the others
as well) the projection starts from the current estimated level of potential production of
331 million cubic metres of industrial roundwood per year (equal to about 22 percent of
global industrial roundwood production in 1995).

Figure 22 Projected potential industrial roundwood production (1995 – 2050) under
Scenario 1
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The large proportion of young, immature forest plantations in the current plantation age-class
structure is evident from the significant increases in potential production shown in this figure.
This increase is due to these areas reaching maturity. A peak in the projection of potential
production occurs in 2020 at approximately 670 million cubic metres per year. A second,
higher peak, occurs in 2045 at around 710 million cubic metres. This occurs due to the
projected coincidence of long (40+ years) rotation species reaching maturity at the same time
as a second rotation of medium (20-40 years) rotation species reaches maturity. Thereafter,
under this scenario, it might be expected that industrial roundwood production from forest
plantations would continue to fluctuate around a level of about 600 million cubic metres per
year in the long-run.

One of the most notable features of this projection is the impact of potential production in
Asia on the overall projection of potential production. In 1995, industrial forest plantations in
Asia are estimated to have the potential to produce about 60 million cubic metres per year (or
18 percent of the total estimated potential production). By 2045, potential production in Asia
is projected to increase to 290 million cubic metres (or 40 percent of the total).

A large part of this projected increase is attributable to forest plantations in China, which has
a 7 percent share of total potential production from forest plantations in 1995, projected to
rise to 25 percent by 2050. Of the other regions, only South America is projected to increase
its share of the global total, with a small increase from 11 percent in 1995 to just over
12 percent by 2050. Due to the age-structure of forest plantations in countries of the
former-USSR, these countries could increase production from forest plantations in the
medium-term (2010-2025) but, without new planting, production potential is expected to
decline somewhat after this period.

3.2.2 Projected potential wood fuel production under Scenario 142

The total area of non-industrial forest plantations in the World is considerably smaller than
the area of industrial forest plantations. Consequently, despite the generally shorter rotations
used in non-industrial forest plantations, the projected level of production from these
plantations is much lower. In 1995, the level of potential wood fuel production from non-
industrial forest plantations was estimated to be about 86 million cubic metres. This figure is
roughly equal to 5 percent of total estimated wood fuel consumption in that year.

                                                
42 Projecting future potential production from non-industrial forest plantations is subject to a number of

additional uncertainties. Firstly, it is often difficult to clearly identify whether non-industrial forest
plantations are managed wood fuel production or are managed for water or soil protection, recreation or
similar non-productive purposes. Secondly, even when it is clear that a forest plantation will be used for
wood fuel production, it is often impossible to know whether the main stem will be harvested and/or whether
other parts of the woody biomass will be utilised. Wood fuel plantations may also be managed under
management systems that are more difficult to model at this scale (e.g. coppice, coppice with standards, or
continuous cover management systems).

The projections presented here are projections of potential production (from main stem volume) from the
total area of non-industrial forest plantations. This is based on the assumption that all of the wood and fibre
produced in these forest plantations will eventually be used for something (although that may not be for
wood fuel). If anything, these projections are probably an underestimate of potential production because of
the large amount of non-stem biomass that is often collected and used as wood fuel.
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Figure 23 shows the projection of future potential wood fuel production to 2050 under
Scenario 1, by year and by geographical region. It is assumed that the countries of Europe and
the former-USSR only use their forest plantations for industrial purposes and potential
production in Oceania is very small, so they do not appear in this figure. As the figure shows,
potential wood fuel production is projected to increase rapidly from 1995 to 2005, by which
time it will have almost doubled. After this, potential production will increase much more
gradually to reach a peak in 2045. This unusual change in growth in the projection is mainly
the result of recent large-scale non-industrial forest plantation establishment programmes in
India and China. In 2005, the projected level of potential wood fuel production from non-
industrial forest plantations is 150 million cubic metres per year and the peak in 2045 is
projected to reach 185 million cubic metres per year.

Figure 23 Projected potential wood fuel production (1995 – 2050) under Scenario 1

The dominance of Asia in the global total potential production of wood fuel from
non-industrial forest plantations is even more marked than in the case of industrial forest
plantations. In 1995, Asia’s share was estimated to be around 60 percent of the total and, by
2045, this share is estimated to increase to 75 percent. The majority of potential wood fuel
production in Asia can be found in two countries: China and, in particular, India.

3.3 Scenario 2: one percent new planting per year (medium growth scenario)

A second "medium growth" scenario was modelled under the assumption that forest
plantation areas will increase each year by an amount equal to one percent of the forest
plantation area in 1995.43 Again, this scenario also assumes that all harvested areas will be
                                                
43 i.e. by an absolute amount each year equal to one percent of the area in 1995, not one percent compounded.
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replanted with the same species and for the same purpose (i.e. industrial roundwood or wood
fuel production) in the year that they are harvested. It is also assumed that the species used
and the purpose of newly planted areas will be in proportion to the current species mix and
use, such that these variables do not change relative to each other in the future. Projected
potential production under this scenario starts at the same level as in Scenario 1, but increases
to a higher level due to the expansion of forest plantation areas managed on short-rotations
and, later on, as other newly planted areas reach maturity.

3.3.1 Projected potential industrial roundwood production under Scenario 2

Figure 24 shows the projection of future potential industrial roundwood production to 2050
under Scenario 2, by year and by geographical region. Comparing the projection under this
scenario with the projection under Scenario 1, there is little difference between the two
projections of future potential industrial roundwood production until 2015. For example, as
shown in Figure 24, projected potential industrial roundwood production under Scenario 2 is
around 670 million cubic metres per year by 2015, compared with a projection of 645 million
cubic metres per year under Scenario 1.

Figure 24 Projected potential industrial roundwood production (1995 – 2050) under
Scenario 2

After 2015 however, the two projections diverge, with the projection under Scenario 2
increasing much more rapidly to reach a peak of just over 900 million cubic metres per year
in 2045 (and with a much smaller decline thereafter). In fact, the peak in the potential level of
industrial roundwood production from forest plantations under this scenario is almost
one-third higher than the projected peak under Scenario 1.
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Under this scenario, forest plantations in Asia will again increase their share of the total
potential production from industrial forest plantations to about 40 percent. However, there
may be some subtle shifts in the share held by each country within each region as potential
production will increase most rapidly in countries where trees grow fastest.

Compared with Scenario 1, potential production of industrial roundwood is projected to
almost treble rather than slightly more than double. Consequently, under Scenario 2, potential
production from industrial forest plantations in all of the seven regions is expected to increase
significantly over the projection period. In Asia, South America and the countries of the
former USSR, potential production is projected to more than treble between 1995 and 2050,
while for North America and Oceania potential production is expected to almost double.
Potential production in European industrial forest plantations is expected to increase by
75 percent. Africa has the lowest projected increase in potential production, with an increase
of only 50 percent. This relatively low level of increase is mainly because industrial forest
plantations in South Africa (by far the largest resource on the continent) already currently
contain a high proportion of mature age-classes, so they do not benefit from the maturation of
young plantations as some of the other regions do.

Figure 25 Projected potential wood fuel production (1995 – 2050) under Scenario 2

3.3.2 Projected potential wood fuel production under Scenario 2

Figure 25 shows the projection of future potential wood fuel production to 2050 under
Scenario 2, by year and by geographical region. Because of the generally shorter rotations
used in non-industrial forest plantations, the projection under Scenario 2 diverges from the
projection given under Scenario 1 much more quickly, starting in around 2005. By 2050, the
potential level of wood fuel production from non-industrial forest plantations is projected to
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reach almost 250 million cubic metres per year (over 40 percent above the projection for this
year under Scenario 1).

Again, the dominance of non-industrial forest plantations in Asia is shown in Figure 25. By
2050, Asia will account for 76 percent of the total potential production from non-industrial
forest plantations under Scenario 2. South America will account for 14 percent and Africa for
8 percent.

3.4 Scenario 3: gradual decline from current new planting rates (high growth
scenario)

The third scenario used for the modelling in this analysis contained the highest assumption
about future rates of new planting. Under this scenario, annual rates of new planting in
tropical and subtropical countries were taken from Pandey (1997)44 and current new planting
rates were estimated for temperate countries. These rates of new planting were then used for
the first ten years of the scenario (i.e. 1995 – 2004). For the next ten years (2005 - 2014),
these rates were reduced by 20 percent (i.e. to 80 percent of the current rate). The same
reduction (in absolute terms – i.e. number of hectares rather than a compounded percentage)
was then applied to both of the following two ten-year periods (i.e. 2015 - 2024 and
2025 - 2034) and for the final 16 years of the projection period (2035 - 2050). Thus, in the
final 16 years of the projection period, it was assumed that the annual rate of new planting in
each country will have fallen to 20 percent of the current new planting rate.

Again, this scenario also assumes that all harvested areas will be replanted with the same
species and for the same purpose (i.e. industrial roundwood or wood fuel production) in the
year that they are harvested. It is also assumed that the species used and the purpose of newly
planted areas will be in proportion to the current species mix and use, such that these
variables do not change relative to each other in the future.

3.4.1 Projected potential industrial roundwood production under Scenario 3

In most countries, current new planting rates are much higher than one percent of the current
total area of forest plantations (i.e. the new planting assumption used in Scenario 2).
Consequently, Scenario 3 has, by far, the greatest rate of growth in potential production from
industrial forest plantations and reaches the highest projected potential production level of all
three scenarios.

Under the new planting assumption made in Scenario 3, the projection for potential industrial
roundwood production begins to diverge significantly from the previous two scenarios as
early as 2005. By 2015, the projection under Scenario 3 is 23 percent above the projection
under Scenario 1 and 18 percent above the projection under Scenario 2. Potential production
in 2050 reaches 1,500 million cubic metres per year (see Figure 26) or about four and a half
times the estimated level of potential production in 1995. Furthermore, the projection would

                                                
44 Note: due to difficulties with separating data, annual planting rates cited in Pandey include elements of both

new planting and restocking for some countries and other information had to be used to solve this problem.
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continue to increase beyond this point due to the maturation of industrial forest plantations
planted in the latter part of the projection period.

Figure 26 Projected potential industrial roundwood production (1995 – 2050) under
Scenario 3

3.4.2 Projected potential wood fuel production under Scenario 3

The current area of non-industrial forest plantations is much smaller than the area of
industrial forest plantations so, under Scenario 3, the rate of expansion of non-industrial
forest plantations is also comparatively slow. However, compared with the past, the current
rate of new planting of non-industrial forest plantations is relatively high, particularly in
India. Consequently, under Scenario 3, projected wood fuel production potential increases
significantly over the projection period. In fact, the projected level of wood fuel production
potential in 2050 under this senario, 487 million cubic metres, is 5.6 times larger than
estimated production potential in 1995 (see Figure 27 below). In comparison with the other
two scenarios, this scenario produces a projection for 2050 that is 97 percent higher than
under Scenario 2 and 2.8 times that of Scenario 1.

Asia has by far the largest share of projected wood fuel production potential from non-
industrial forest plantations throughout Scenario 3. By 2050, Asia is projected to account for
80 percent of production potential across the five geographical regions (i.e. excluding Europe
and countries of the former USSR). India and China will continue to contain by far the largest
areas of non-industrial forest plantations and are projected to account for 67 percent of the
total projected wood fuel production potential in 2050. Wood fuel production potential in
India is projected to increase from 30 million cubic metres (in 1995) to 226 million cubic
metres under Scenario 3. This would require the area of non-industrial forest plantations to
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increase from a current 8.3 million hectares to 24 million hectares by 2050. Wood fuel
production potential in China is projected to increase from a (probably very low) estimate of
5 million cubic metres in 1995 to 100 million cubic metres in 2050.

Figure 27 Projected potential wood fuel production (1995 – 2050) under Scenario 3

3.5 Appraising the scenarios

The three scenarios presented above describe a range of possible futures that outline the likely
boundaries for future forest plantation establishment and potential roundwood production
form forest plantations. The scenarios are, however, based on relatively simple extrapolations
of forest plantation establishment in the past rather than any attempt to model the almost
infinite number of policy and economic choices that could affect countries plans for forest
plantations in the future. In other words, the scenarios have been presented to show the likely
range of possible futures rather than to prescribe any "most likely" outcome.

However, within the modelling framework used to produce the scenarios, it is worthwhile to
examine some of the factors that are most likely to influence future developments. In doing
so, it should be noted that future developments will be physically constrained by the inputs in
shortest supply. In some countries it is likely that physical inputs such as: land; capital; water;
length of growing seasons; and fertility, will limit the potential for future forest plantation
expansion. In others, economic factors may limit development (i.e. investors in forest
plantations will need to earn a satisfactory rate of return on their investment and this may,
perhaps, be affected by the ability and willingness of governments to provide financial
incentives to encourage forest plantation development).

The remainder of this section discusses the projections of future production potential from
industrial forest plantations in the overall context of future global industrial roundwood
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supply and demand.45 It then goes on to examine some of the factors that are most likely to
constrain forest plantation development in the future.

3.5.1 The projected potential contribution of wood production from industrial
forest plantations to total global production of industrial roundwood in the
future

Comprehensive modelling of future production, consumption and trade in forest products has
already been completed as a core component of the Global Forest Products Outlook Study
(GFPOS). The modelling has been carried out independently of this study, using the Global
Forest Products Model (GFPM), which is a projection model based on a price endogenous
linear programming system (for further details, see: Tomberlin et al, 1999).

Because of the increased uncertainty associated with making long-term economic forecasts,
the published projections only extend to the year 2010 (Zhu et al, 1998). However, for
comparison with the results of this study, it would be more illuminating to have a longer
projection of future world supply and demand. Therefore, the projection of total global
industrial roundwood consumption (see footnote) has been extended to 2050 using simple
extrapolations (see Box 12). It must be borne in mind that the uncertainty surrounding these
extrapolations is quite high.

Box 12 Extending the GFPM industrial roundwood consumption projection to 2050

                                                
45 Note that this discussion only considers future projections of industrial roundwood supply and demand.

Estimates of current wood fuel production and consumption are believed to be very unreliable and any
projections based on current information are likely to be highly uncertain. Wood fuel supply and demand and
a revision to current estimates will be considered in a separate study to this (GFPOS/WP/05).

In order to extend the industrial roundwood consumption projection produced by the GFPM from 2010 to
2050, three alternative extrapolations have been used.

Extrapolation 1: is based on the projected growth rate in industrial roundwood consumption produced by
the GFPM over the period 2005 - 2010 (1.27 percent per annum). By simply increasing consumption at this
rate to the year 2050, this gives a projection of global industrial roundwood consumption of 3.1 billion cubic
metres in 2050. This is the highest of the three extrapolations and is thought to be the least likely to occur in
the future.

Extrapolation 2: takes the average growth rate in actual industrial roundwood consumption for the period
1961 - 1998 (1.1 percent per annum) and increases consumption at this rate from 2010 to the year 2050. This
results in a projection of 2.9 billion cubic metres of industrial roundwood consumption (globally) by 2050.
This extrapolation is also believed to be probably too high.

Extrapolation 3: is also based on the growth rate in actual industrial roundwood consumption for the period
1961 – 1998, but takes into account that annual growth has declined by about 0.03 percentage points each
year. (This was confirmed by fitting a simple OLS regression line through the data). Projecting forwards on
this basis, this extrapolation suggests that growth will fall to zero by 2050, at which point global industrial
roundwood consumption will be around 2.34 billion cubic metres. This is probably the most realistic of the
three extrapolations.
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Figure 28 A comparison between the three extrapolations of future industrial roundwood
consumption and the projected levels of potential industrial roundwood
production from industrial forest plantations under each of the three scenarios
about future forest plantation development

Figure 28 compares the three extrapolations of future industrial roundwood consumption with
the different projected levels of future potential industrial roundwood production from
industrial forest plantations, under each of the three scenarios about future forest plantation
development. The figure demonstrates a few points concerning the likely contribution of
industrial forest plantations to future industrial roundwood production.

Until 2010, potential industrial roundwood production from industrial forest plantations
increases by about the same amount (in volume terms) as projected total future consumption.
This occurs whatever scenario or extrapolation is chosen. It implies that existing forest
plantations have the potential to meet the projected increase in demand for industrial
roundwood (at the broad level) in the near-term. However, this increase is unlikely to be
sufficient enough to substitute (in aggregate) for production from the natural forest in any
significant way.

Beyond 2010, the contribution that industrial forest plantations will make is dependent on the
extent to which consumption continues to increase and on future levels of forest plantation
expansion.

If future industrial roundwood consumption continues to grow at a high rate (i.e. like in either
of the first two extrapolations) then potential industrial roundwood production from industrial
forest plantations would only keep up with the growth in consumption if large additional
areas of forest plantations were established (i.e. as in under scenario 3). The other two forest
plantation scenarios would fail to keep pace with the growth in consumption (i.e. they would
increase their share of total production, but volume of industrial roundwood required from
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other sources would also have to increase). In other words, if either of these higher
extrapolations turned-out to be true, then the area of forest plantations would have to increase
quite dramatically to fully satisfy projected additional demand. Alternatively, production from
the natural forest would have to increase to meet demand (probably unlikely) or other ways of
improving supply would have to be found (e.g. efficiency gains, new or additional sources of
fibre, or intensification of management46).

If, however, future industrial roundwood consumption grows less rapidly, for example at rates
similar to Extrapolation 3, then industrial forest plantations are likely to play a much greater
role in future industrial roundwood production. Under Extrapolation 3, Scenario 1 would
result in forest plantations having the potential to meet 30 percent of industrial roundwood
demand in 2050. This is slightly higher than at present, but not a major improvement over the
current situation. Furthermore, it would also require production from other sources to increase
in the future, because the growth in potential production (in volume terms) would not be
sufficient to meet the total growth in consumption.

Under Scenario 2, forest plantations could meet 37 percent of industrial roundwood demand
by 2050. This would be a significantly higher percentage than at present and would also mean
that production from forest plantations could keep up with increases in consumption (in
volume terms). In other words, it would not be necessary to look to alternative ways of
meeting the growth in demand (although it still would not probably reduce pressures on the
natural forest for industrial roundwood production).

The combination of Extrapolation 3 and Scenario 3 gives the most dramatic results of all. If
growth in consumption is relatively modest (i.e. like Extrapolation 3), but forest plantation
expansion is high (Scenario 3), the projected potential industrial roundwood production from
industrial forest plantations (1,500 million cubic metres in 2050) could account for 64 percent
of total consumption by 2050. This would represent both a three-fold increase in the share of
total consumption that might come from industrial forest plantations and an increase, in
volume terms, that is sufficient to significantly reduce the pressure to obtain industrial
roundwood supplies from elsewhere.

Table 14 shows the share of projected total industrial roundwood production/consumption
that might be accounted for by production from forest plantations in the future under all of the
combinations of the three extrapolations and scenarios.

Table 14 Projected future potential industrial roundwood production from forest
plantations as a percentage of total production/consumption

Forest Current Alternative extrapolations of production/consumption growth
estimate Extrapolation 1 Extrapolation 2 Extrapolation 3plantation

scenario (1995) 2010 2020 2050 2010 2020 2050 2010 2020 2050
Scenario 1 22.2 30.6 31.5 19.7 30.6 32.1 21.1 30.6 32.5 29.6
Scenario 2 22.2 31.2 34.1 28.0 31.2 34.7 29.9 31.2 35.1 37.0
Scenario 3 22.2 34.1 45.1 48.4 34.1 45.9 51.7 34.1 46.5 64.0

                                                
46 These alternative options are quite feasible and it is likely that gains in several of these areas will be made in

the future anyway, but have not been taken into account here.



GFPOS Working Paper No. 3

The global outlook for future wood supply from forest plantations

101

Comparisons with the current (1995) level of total industrial roundwood production are also
interesting. In 1995, global industrial roundwood production totalled 1,482 million cubic
metres. Thus, by 2050, potential industrial roundwood production from forest plantations
under Scenario 3 is projected to rise to a level that is approximately equal to current global
industrial roundwood production. However, there are significant regional variations.

In three regions, Asia, Oceania and South America, projected potential industrial roundwood
production from forest plantations under Scenario 3 would exceed current total industrial
roundwood production by 2050. In Asia, potential production would amount to 2.8 times
current production, in Oceania the figure would be 2.2 times current production and in South
America the figure would be 1.3 times current production. Interestingly, even under Scenario
1, projected potential industrial roundwood production from forest plantations in Asia and
Oceania would exceed current total industrial roundwood production by 2050.

Conversely, projected potential industrial roundwood production from forest plantations in
the other four regions is expected to remain significantly lower than current industrial
roundwood production. In Africa, potential production under Scenario 3 would reach 75
percent of current production by 2050. In Europe, the figure would be 36 percent, countries of
the former USSR would reach 40 percent and North and Central America would reach
59 percent. The reasons that the share of total production coming from forest plantations is
unlikely to increase significantly in these regions are that production from natural and semi-
natural forests currently dominates production in these regions and that projected potential
industrial roundwood production from forest plantations will grow only relatively slowly
there.

3.5.2 Possible constraints: land availability

Scarcity of suitable land for new planting is probably the most common physical constraint on
forest plantation development. This scarcity arises both because the physical terrain of large
parts of the remaining available land is unsuitable for forest plantation development (e.g. due
to factors such as altitude, slope, fertility, salinity, water table and aridity) or, more frequently,
because large parts of the remaining available land is more valuable in alternative uses such
as agriculture, urban development or industry. Institutional and policy restrictions may also
play a crucial role.

Competition for land is greatest in developing countries with high population densities.
Countries with few technological resources and high demand for agricultural and urban land
tend to place a relatively low priority on forest land and resources. For example, in 1990, the
five developing countries/territories with the highest population densities were: Bangladesh,
Bahrain, Puerto Rico, Rwanda and India (FAO, 1995a). Of these, only Puerto Rico (with
37 percent forest cover) had an above average level of forest cover (the global average is
27 percent). Systems of land tenure are also a problem in some countries, particularly in terms
of developing a large-scale industrial forest plantation resource.

Both scenarios 2 and 3 imply that forest plantation areas will expand. In particular, Scenario 3
requires a significant expansion in forest plantation areas. For example, the industrial forest
plantation area in China would have to increase from 17.5 million hectares to 68.3 million
hectares (equal to 7.3 percent of the total land area of China or around half of the country's
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current total forest area). This would also be equal to an annual average rate of new planting
of 918 000 hectares per annum compared with the estimated current rate of new planting of
1.64 million hectares. The total area of industrial forest plantations required under this
scenario is substantially greater than the 40.35 million hectares currently planned in China
(forest plantations of all types), but is not substantially out of line with the total area of land
believed to be available for afforestation (63 million hectares - Shi et al (1997)).

Table 15 The total area of industrial forest plantations required under each scenario

Projected area in 2050 required
under each scenario (in million ha)

Country or region Current
area

(1995) Scenario 1 Scenario 2 Scenario 3
 North and Central America  18.9  18.9 29.3 43.2
    United States  18.4  18.4 28.5 41.2
 South America  5.4  5.4 8.4 13.6
 Asia  41.8  41.8 64.8 119.5
    China  17.5  17.5 27.1 68.3
    India  4.1  4.1 6.4 11.7
    Japan  10.7  10.7 16.6 12.4
 Oceania  2.7  2.7 4.2 5.7
 Africa  3.6  3.6 5.6 8.9
 Europe  8.7  8.7 13.5 15.3
 Countries of the former USSR  22.2  22.2 34.4 28.0
    Russian Federation  17.1  17.1 26.5 21.1
Total  103.3  103.3 160.2 234.2

Note: in many countries industrial forest plantation areas are currently increasing at much more than 1% per
annum and Scenario 3 results in a higher total forest plantation area in 2050 than Scenario 2. In a few cases,
this is not the case however, and Scenario 3 results in less new planting (e.g. Japan and Russian Federation
shown above).

Table 15 shows the area of industrial forest plantations that would be required to meet the
potential production projections made under each of the forest plantation development
scenarios. As already explained, Scenario 1 is based on no increase from the current area.
Scenario 2 requires only a relatively modest, and seemingly plausible, increase in industrial
forest plantation areas. For example, the 27.1 million hectares that would be required in China
by 2050 is markedly less than the 40.35 million hectares noted above. On average, Scenario 2
requires a 55% increase in the area of industrial forest plantations, but expansion is unlikely
to be uniform across countries. Countries such as Chile and New Zealand have, for example,
achieved isolated increases in forest plantation areas of 5-10 percent in a single year. Other
countries have gone for extended periods with little or no new forest plantation establishment.
South Africa, for example, is not encouraging further afforestation because of water scarcity.
Conversely, there are plans in Australia to develop a 3 million hectare forest plantation estate
(a trebling of the current area) by 2020.

The areas required to meet the potential production projections made under Scenario 3 also
seem to be generally achievable in physical terms. However, institutional and policy
constraints may play a significant role in limiting new planting to a level below the required
levels. Two notable cases are China and the United States of America, both of which would
be required to maintain rates of new forest plantation establishment higher (or for longer) than
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seems likely at present. Some of this additional required new planting could, however, be
spread across other countries without markedly affecting the projections under Scenario 3.

For countries establishing forest plantations with medium and long rotation species, forest
plantations established after 2025 will have little or no effect on projected potential
production to 2050. Consequently, a global industrial forest plantation estate of 234 million
hectares would have the potential to produce rather more than the 1,526 million cubic metres
of industrial roundwood projected for 2050 under Scenario 3. It is estimated that this volume
could be sustainably produced in the long-term from an industrial forest plantation estate of
around 180 million hectares, given the current global distribution of industrial forest
plantations.

In reality, however, it is likely that the amount of plating required under Scenario 3 represents
the upper boundary of new planting that might be achieved in the foreseeable future.
Achieving the levels of new planting required under Scenario 3 would be equivalent to a
widespread application of the forest plantation development model adopted by the “Southern
plantation producers” (see page 47). This would probably require a significant paradigm shift
from current forestry practices and ecological philosophy for most countries of the world. For
example, Clapp (1995b), in discussing the costs and benefits of forest plantation development
in Chile, is sceptical of the efficacy of this model:

“I argue that the environmental balance [resulting from plantation establishment]
is positive, but not uniformly so, and that the [current] plantation model of forestry
minimises those benefits.”

This view is prevalent in many countries, particularly in Europe and North America. It
suggests, however, that even ignoring physical constraints and questions of future roles of
natural forests, a forest plantation development model as extensive as that required under
Scenario 3 would be unlikely to occur without major policy changes.

3.5.3 Possible constraints: negative impacts on water resources

In several countries with large forest plantation resources, shortages of water are the
important factor constraining additional development. This is particularly the case in many
African countries. As already noted, the countries with the largest forest plantation resources
in Africa are South Africa and the North African countries of Morocco, Tunisia, Libya,
Algeria, Ethiopia and Sudan. In all of these countries forest plantation development is
somewhat constrained by water shortages (see Box 13). Also, in many countries, particularly
Morocco, Tunisia and Algeria, the objective of establishing greater areas of forest plantations
has been primarily to combat desertification rather than to produce wood, reinforcing the
importance of water issues in these countries.
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Box 13 Forest plantations and water scarcity in South Africa

3.5.4 Possible economic and policy constraints

The main economic constraint to future forest plantation expansion concerns the rate of return
that might be achieved on additional forest plantation projects. The rate of return on each new
project will depend crucially on the product prices and the speed with which the return will be
generated. In general, this latter factor (i.e. how fast a tree can grow) will also be related to
some of the ecological constraints already described above. Thus, for example, forest
plantations in countries in the boreal zone, such as Canada; Sweden; Finland; and the Russian
Federation, may simply not grow fast enough to compete with countries that can establish fast
growing species, such as: Brazil; Chile; New Zealand; and Indonesia.

Indeed, Sohngen et al (1997) summarise this (natural) advantage as follows:

“Because land is generally available for these plantations and because relatively
small management inputs can lead to substantial future gains, subtropical
plantations are a better investment than are temperate forests.”

At present this view, perhaps, pays insufficient attention to many of the other elements of
competitive advantage. For example, many developed temperate countries continue to have
significant advantages in infrastructure, technology and labour skills, over developing
countries and have the advantage of the presence of strong clusters of supporting industries.
Another important point is that several large countries in the boreal zone, for example,
Canada and the Russian Federation, will continue to have a large comparative advantage in
land availability. In both of these countries, very low rural population densities and limits on
alternative uses for forest land mean that the opportunity cost of land used for forest
plantation development is likely to remain very low. Finally, developed countries will also

South Africa provides a good example of a country where water scarcity is limiting future forest plantation
expansion. The importance of water as a constraining factor on afforestation is highlighted by the fact that
forestry and water issues are brought together in the government administration (The Department of Water
Affairs and Forestry). Another factor pointing to the fact that water scarcity is probably the most important
constraint on further forest plantation development is that forest plantation development is the only land-
based activity that is regulated by the government.

For example, the South African White Paper on Forestry (DWAF, 1996) notes:

“Controversy about the effects of afforestation on water supplies began in the 1920s, and
continues today. This led to the implementation of controls on afforestation that have been
applied since 1972 through the afforestation permit system. In 1986 the industrial forests in
South Africa were estimated to consume about 1.2 billion cubic metres of water that would
otherwise have entered rivers and streams, and been available for other uses. This volume
equated to about 30% of the amount used for urban and industrial purposes, or about
one-tenth the volume used in irrigated agriculture. The water consumed is a cost required
to support the forestry sector as a contributor to our economy.”

The South African Government is currently examining ways in which water charges might be introduced for
activities using this resource without currently having to pay for it.
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continue to have an important advantage arising from the integration of processing and
marketing functions that is quite common in their forestry sectors.47

The crucial point is that the ability to grow trees quickly is only one, in a complex set of
factors that will determine success in the forestry sector. An excessive focus on the
exploitation of natural advantage is unlikely to be a good substitute for strongly based
systemic development. Thus, despite the advantages pointed out by Sohngen et al, the future
distribution of industrial roundwood production and forest plantation establishment may not
vary greatly from the present situation.

Another important feature to take into account is the private-sector’s reaction to external
events (e.g. response to policy changes) and in response to competitors' actions. A major
policy change in one country may trigger significant changes in other regions. For example,
changes to (and uncertainty about) forest policies in the united States of America in response
to the Spotted Owl issue had significant effects on wood prices around the Pacific Rim. In
several countries, this stimulated additional forest plantation establishment. Similarly, there
remains a variety of conflicting views over the future scarcity of wood and fibre. To a large
extent, this divergence of opinion is the result of the poor quality, and scarcity, of globally
aggregated data. As data availability and quality improves, private sector and governments
may alter their forest plantation strategies.

In terms of future forest plantation establishment, the prevailing economic principle may well
be the law of diminishing returns. A theoretical case can be made, for example, that the best
forest plantation sites (in comparative advantage terms) are already occupied. Consequently,
future forest plantations will be both less profitable and will have to appear attractive to
potential investors with portfolios already containing significant areas of forest plantations.

Similarly, market perceptions of roundwood from forest plantations are that it is generally
inferior to roundwood from natural forests. While forest plantations may be able to expand
their role in fibre-based industries, there remain considerable barriers to expanding market
share in, for example, the markets for luxury hardwoods (plantation grown teak (Tectona
grandis) may be the exception to this rule).

To summarise, policy and economic constraints may also, therefore, play a role in restricting
forest plantation establishment to a level below that anticipated under Scenario 3. Conversely,
current supply and demand modelling (see, for example, FAO, 1998b) anticipates an
increasing need for forest plantations to meet future consumption requirements. This suggests
that forest plantation areas will continue to expand and that the potential level of future
roundwood production from forest plantations is at least likely to exceed that suggested by
Scenario 1.

                                                
47 That is, significant advantages (for example, supply security, stable raw material pricing and material

scheduling advantages) generally accrue to companies that own both forests and processing facilities.
Similarly, processors located close to their markets generally capture marketing advantages. The present
structure of the forest industry suggests, therefore, that developed countries will continue to have this
important competitive advantage, where forest plantations are owned as part of a vertically-integrated system
and are located close to their final market.
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3.6 Possible futures outside the modelled scenarios

A case can be made for two additional future development scenarios, both of which lie
outside the boundaries of the scenarios presented above. Both of these scenarios are related to
structural and institutional changes that might have a dramatic effect on the forest plantation
sector. These scenarios relate to:

1. the potential for forest plantations to quality for subsidies as part of a package of
policy measures to reduce net carbon emissions; and

2. the possibility of plantation areas declining due to decreases in reforestation.

3.6.1 Forest plantations as carbon-offset projects

One of the major current uncertainties about the outlook for forest plantation development in
the future, is the role that forest plantation projects might play as carbon-offset projects. With
most developed countries agreeing to meet greenhouse gas emission reductions targets of 5-8
percent below 1990 levels, there is scope for massive increases in tree planting to act as
carbon sinks.

The signing of the Kyoto Protocol also provides a basis for the formalisation of a market
(between countries) for carbon-sequestration projects, but whether such a market will emerge
as a significant force in forestry remains a moot point and will depend on a number of
important developments. The first of these will be the extent to which countries enforce
measures to ensure the achievement of emissions targets. The second is whether tree planting
to sequester carbon will be relatively cost-effective when compared with other mitigation
measures. A third uncertainty concerns whether forest plantations established under such
programmes could be used for roundwood production.

Making predictions about the impact of policies to reduce net carbon emissions on future
forest plantation development would, at the current time, be highly speculative. It seems
likely, however, that carbon sequestration in forest plantations would be a relatively attractive
option for a number of industries, particularly where reducing industrial carbon emissions
requires large investments in technology or redesign. In this instance, the outcomes described
in Scenario 3 would become considerably more likely and Scenario 3 might even understate
future growth in new planting (although the amount of roundwood that might eventually be
produced from such forest plantations remains uncertain). Thus, it is possible that carbon-
offset schemes could encourage the creation of a forest plantation resource significantly larger
than any described in the formal scenarios. This may result in greater production of
roundwood from forest plantations, probably less production from natural forests and
probably lower prices for industrial roundwood.

3.6.2 Declining rates of reforestation

In a number of countries, most notably in Europe and South America, a large proportion of
planting is, or has been, carried out under forestry incentive programmes. In many cases
incentives have provided an important stimulus to planting, and may have been a more
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important driver than expectations of future prices and earnings. Some of these programmes
have now been eliminated, or significantly reduced and there is a possibility that planting
rates, both afforestation and reforestation, in these countries could fall. Consequently, it is
conceivable that the global forest plantation could fall in the future.

A second factor that might lead to declining reforestation is the gradual privatisation of forest
plantations and the shift in emphasis in new planting programmes from direct action by the
government to encouragement of the private-sector. To date, there is little evidence that
privatisation and similar community devolution schemes have resulted in declining planting
or plantation areas. In fact, in many instances, the rate of forest plantation establishment has
actually accelerated. There are, nonetheless, circumstances (for example, a prolonged period
of low wood prices) that could result in marked declines in forest plantation investment.

At the moment, it seems unlikely that such a scenario will arise in the next few years.
However, over the next 50 years, it is quite possible that periods of net reduction in the total
area of forest plantations could arise.

3.7 Conclusions about future potential wood supply from forest plantations

This analysis supports a central conclusion that the role of forest plantations in meeting future
wood and fibre demands will increase in the near-term, irrespective of future rates of forest
plantation establishment. Projected roundwood production potential from forest plantations
for the next decade is largely determined by trees already in the ground and, in many
countries, a considerable increase in areas of forest plantations reaching harvestable age is
expected. Thus, by 2010, the industrial roundwood production potential from industrial forest
plantations is estimated to increase from the current 388 million cubic metres to around 600
million cubic metres, whatever happens. Potential production of wood fuel from non-
industrial forest plantations is expected to roughly double from the current figure of around
80 million cubic metres.

Beyond 2010, the production forecast depends largely on what assumptions are made about
new planting rates (considered here) and on assumptions about improvements in annual
increment or yield (assumed to equal zero here). There is tremendous scope for forest
plantations to play a dominant role in industrial roundwood production, but much will depend
upon future policy decisions and market shifts. A reasonably likely scenario is that the
proportion of industrial roundwood coming from forest plantations will probably increase, but
that natural forests will probably continue to account for over half of all industrial roundwood
production. In terms of wood fuel, production will continue to largely come from trees
outside forests and forest plantations should be expected to continue to supply only a small
proportion of total wood fuel consumption.

The question of where future forest plantation development is most likely to occur also
remains unclear. At present, many governments remain active in forest plantation
establishment, either directly through state planting programmes, or indirectly by providing
incentives to the private-sector. In some instances, incentives can be justified by the non-
market benefits produced by forest plantations. In others, the incentives are merely
maintaining wood production capacity. In any event, under these circumstances, competitive
and comparative advantages are not clearly emerging.
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The most significant increases in forest plantation areas in the immediate future will be in
countries where specific state planting programmes are currently in place, most notably China
and India. In Europe, forest plantation establishment is likely to be mainly dictated by the life
span of current incentive policies. Europe is largely self-sufficient in terms of roundwood
requirements and the development of a significantly larger resource base seems a relatively
unlikely development.

South America and Oceania are likely to continue to expand forest plantation areas due to the
perception that these areas have a significant competitive advantage in the forest plantation
sector. The extent to which forest plantations increase in these regions is likely to be dictated
by the extent to which this perception is sustained. If returns on forest plantation investments
fall then afforestation rates in these regions are likely to slow.

Profitability in the Southern plantation producers is likely to be determined by conditions in
North American and Asian markets and by future production from forests in these regions. If
the current trend towards increasing regulation of harvesting in the natural forest increases in
these regions then forest plantation establishment there is also likely to accelerate. Of
important interest will be developments in production from the natural forest in the US
Pacific-Northwest, Canada, Indonesia and Malaysia.

Forest plantation establishment in countries of the former USSR and Africa seems unlikely to
accelerate in the immediate future. In the former, economic restructuring is likely to mean that
forest plantation investment will be of relatively low priority, particularly given the extensive
natural forest resource in several of these countries. In Africa, the absence of strong
infrastructure is likely to remain a significant competitive disadvantage for many countries. It
is difficult to see true competitive advantage in forest plantation investment emerging in
many African countries, including even those that have existing major industries based on
production from the natural forest. Non-industrial forest plantation establishment may,
however, accelerate in Africa, particularly where population pressures demand more intensive
production of wood fuel.
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APPENDIX 1: ESTIMATION OF AGE-CLASS STRUCTURES

Comprehensive and reliable statistics about forest plantations at the country level are scarce
and, where these do exist, are not generally in the public domain. Consequently, it is very
difficult to estimate the age-class structure of forest plantations in most countries. Notable
exceptions to this are countries that have invested heavily in forest plantations and where
forest plantations can be easily distinguished from natural forests (e.g. Australia, New
Zealand and Chile). The literature for other countries provides information, of varying
completeness and specificity on annual planting rates, harvesting intensities, mortality, time
series of total plantation areas, regional inventories, and qualitative resource descriptions.
Establishing a global description of plantation age-classes is therefore, necessarily a
piecemeal exercise involving a comprehensive literature review for individual countries with
data coalesced and manipulated to obtain age-class structures that are consistent with national
area statistics.

It is important to recognise that the key purpose of the resource information in this paper is to
provide an assessment of plantation resources at the global and regional level. The data
analysis consequently takes the form of a "components analysis". Individual countries are
treated as components of the whole, and national age-class structures have been formulated
independently and then aggregated to regional and global level. The important statistical
assumptions in components analysis are that component errors are independent and randomly
distributed around a mean of zero. Thus, the greater the number of components assessed, the
more accurate should be the aggregated result. The percentage error bounds for the global
assessment should consequently be smaller than for its component regional assessments.
Similarly, the error bounds for each regional assessment should be smaller than for individual
country components. An obvious skewing of the true error distribution occurs if large errors
are made in estimating the biggest components. Consequently, efforts to ensure accurate
assessment of age-class structures in countries' plantation resources increased commensurate
with the size of the resource in each country. To this end, time constraints dictated that only
countries with plantation resources exceeding 100,000 hectares could be assessed
individually. This constraint still necessitated individual analysis in 65 countries constituting
98.5 of the total global plantation resource. Age-class structures in countries with less than
100,000 hectares of plantations (1.5 percent of the global total) are assumed to conform to the
average of each regional structure.

Two important reports establish the total forest plantation area statistics (by country), with
which the national age-class structures derived here have been made consistent. Pandey
(1997) assesses forest plantation areas for 1995 in 90 tropical and subtropical countries.
Pandey reports total reported plantation area, net plantation area, industrial plantation area,
annual establishment rate and species composition of the resource for each country. Pandey's
"net plantation area" was used as the area base for age-class derivation. Provisional data
reported to the UN-ECE/FAO Temperate and Boreal Forest Resources Assessment
component for OECD countries, for the year 2000 (i.e. an early draft of what is now UN,
2000) are used as the area basis for temperate and boreal forest countries. National area data
for temperate and boreal forest plantations were provided for 39 (mainly European48)
countries.

                                                
48 Non-European countries included in the assessment were: Australia; Canada; Japan; New Zealand; and

United States of America.
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A useful point of departure for tropical forest plantation age-class assessment was the FAO
Tropical Forest Resources Assessment Project 1980 (FRA1980). This set of reports provides
national plantation age-class structures by species for 75 tropical and subtropical countries as
at 1980. It also provided forecasts of age-class structures to 1985. The reports were used to
benchmark upper bounds on plantation age-classes greater than 15 years. The reporting
systems of both the FRA 1980 and the Pandey report differentiate between industrial and non-
industrial plantations and this (sometimes artificial) distinction has been maintained.

The most significant data manipulation was carried out in transforming "gross plantation age-
classes" developed from the literature review, to "net plantation age-classes" consistent with
the area statistics reported in Pandey (1997) and the TBFRA 2000 component (UN 2000).
The methodology used approximates that of Pandey:

"Estimation of the net area, that is, the actual area of the stocked plantations
excluding failed, harvested or doubly counted plantations, has been done by
applying a reduction factor/success rate derived from inventory or survey of
plantations."

The methodology in this paper applies Pandey’s reduction factor to both industrial and non-
industrial plantations. As Pandey notes, this may not be appropriate since it is likely industrial
plantations will be better managed, than will non-industrial plantations.

In this analysis, a "harvesting and mortality function" for each country (where necessary) was
selected from a family of exponential functions and applied as weighting factors to derived
national "gross plantation age-classes" to result in the targeted net area. The harvesting and
mortality functions selected were of the form:

Net forest plantation area      = Gross forest plantation area in each age class
     in each age-class  1-aX

Where: X = an age value for each five-year age class (such that for age class 46-50
X = 0.0015; 41-45 X = 0.0040; 36-40 X = 0.0065 …1-5 X= 0.0240. For age-
class >50, an arbitrary value of 0.0010 was applied)

a = discretionary variable

The precise value selected for a relied to a certain extent on the consultant's judgement. A
general value of a was estimated using the length of rotation of the predominant species in a
country and an assessment of the extent of mortality in the country. A large value of a
corresponds with short rotation lengths and high mortality (applying greatest weight to most
recent planting data). This general value of a was then refined to improve the match of the
derived data with benchmark reported statistics.
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Figure 29 Example of representative versus true age-class structures

The country age-class data presented in Appendix 3 are, therefore, both derived from the
original literature and have been subjected to the adjustment described above. It should
clearly be regarded as "broadly representative" of national age-class structures rather than as
exact for each age class. The example displayed in Figure 29 demonstrates this point. In
Figure 29, the true age-class distribution of plantations for a country is represented by the bar
graph. A “representative” age class distribution, which embodies some of the characteristics
and magnitudes of the true age-class distribution, is represented by the line-graph. It is this
general shape of the data that the estimation process described above seeks to replicate.
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APPENDIX 2: PROJECTION OF POTENTIAL ROUNDWOOD PRODUCTION

The procedure for projecting potential roundwood production follows directly from the
process of estimating national age-class structures. A simple production forecasting model
was built to utilise the forest plantation data (i.e. the derived age-class structures, species area
information and national species increment information). Secondary data utilised in the model
includes indicative rotation lengths and indicative mortality rates.

The model was given the capacity to process data using six regimes per country. This capacity
was used to differentiate between industrial and non-industrial plantations, and to provide
scope for short, medium and long rotations for each of these. Annual new planting rates were
varied as the basis for simple future production scenarios.

The model works on an annual basis. Each year harvesting and mortality are assumed to occur
in age classes according to a pre-specified pattern. These areas are assumed to be immediately
replanted and along with any "new" planting areas entered into the youngest age-class.
Meanwhile, a proportion of forest in each age-class (for example, in Year 1, one-fifth of the
forest area) "ages" and moves into the next age-class. The areas harvested each year in each
age-class are multiplied by an estimated mean annual increment and average age at harvest
and these products are tallied to provide the estimate of potential roundwood production in a
particular year.

Key assumptions

For each country, it is necessary to specify a national harvesting profile. The harvesting
profile estimates the percentage of forest harvested in each age class in each year for each
silvicultural regime. The harvest profile for each country is estimated from reported planned
rotation lengths by species and country with a high proportion of harvest assumed to occur at
the planned age and lesser proportions assumed to be harvested in surrounding age-classes.
For example, a species with planned rotation age of 32, might have a harvest profile which
sees 1 percent of the age class harvested annually from age 20 - 25; 5 percent of the remainder
from 26 - 30; 12 percent of the remainder from 30 - 35; 7 percent of the remainder from 35 -
40 and so forth. Where appropriate, the harvesting profiles have been set to make allowances
for production from thinnings.

Profiles of mortality are also specified for each country. Similarly to the harvesting profile,
these specify the proportion of mortality in each age-class in each year. Normally the profile
is heavily weighted to the lowest age class recognising greater susceptibility of newly planted
and juvenile trees to drop failure. The mortality rates reported in Pandey (1997) provide the
basis for overall mortality settings. The model provides for reductions in mortality rates over
time.

The important scenario driver in the model (in this paper) is new planting. Future yields
change as changes in the rates of new planting are assumed. Replanting, as noted above, is
assumed to occur immediately. All areas subject to harvesting and mortality are assumed to
be replanted.
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Mean Annual Increment (MAI) data are based on those reported in Leech (1998) for tropical
hardwood regimes, or an amalgamation of those reported in available national reports for
temperate and boreal countries. In general, the MAI's used are believed to be relatively
conservative estimates. The model allows for changes in MAI across age-classes although in
most cases data are insufficiently detailed to enable this capability to be used.
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APPENDIX 3: ESTIMATED INDUSTRIAL FOREST PLANTATION AGE-CLASS
STRUCTURE BY COUNTRY AND REGION

Area planted by five-year intervalCountry/territory
and region before

1946
1946-
1950

1951-
1955

1956-
1960

1961-
1965

1966-
1970

1971-
1975

1976-
1980

1981-
1985

1986-
1990

1991-
1995

Total
Area

Algeria 12 18 48 79 21,765 27,811 33,856 39,902 87,301 98,788 110,275 419,855
Ethiopia 1,897 2,372 2,378 2,384 2,390 2,396 2,402 482 483 968 971 19,123
Kenya 6,858 706 1,883 4,273 5,917 12,367 13,067 23,435 17,105 15,704 17,530 118,845
Libya 0 0 330 2,078 3,027 2,276 3,445 10,032 10,696 12,104 13,511 57,499
Madagascar 0 340 906 2,502 3,464 10,416 19,020 25,406 14,627 16,552 18,477 111,710
Malawi 0 1,529 1,549 4,392 4,450 13,527 5,875 19,189 6,507 17,209 17,454 91,681
Morocco 0 223 1,781 322 14,252 34,714 32,561 53,890 62,055 70,220 78,385 348,402
Nigeria 51 95 254 1,487 2,059 6,798 18,999 34,086 24,154 14,350 16,018 118,351
Rwanda 206 206 207 242 242 624 348 349 24,464 24,527 0 51,415
Senegal 0 0 0 71 99 221 307 1,801 5,617 2,460 3,291 13,867
South Africa 284,640 91,037 96,254 98,561 104,942 112,205 120,549 115,442 125,526 137,541 127,287 1413,984
Sudan 640 3,803 3,902 6,841 7,029 5,209 4,624 4,831 9,107 8,809 9,074 63,869
Swaziland 4 23 1,640 2,598 2,324 8,132 12,051 16,740 22,197 28,422 35,416 129,547
Tanzania 48 100 266 1,732 2,398 7,380 10,454 10,390 6,672 6,943 7,750 54,133
Tunisia 74 111 492 1,119 6,638 14,137 17,210 25,152 14,014 11,629 34,224 124,800
Zimbabwe 1,150 691 1,842 2,993 4,144 7,942 9,668 11,395 13,402 14,866 24,309 92,402
Others 5,300 2,107 3,467 7,986 13,810 21,603 25,987 43,532 73,254 86,811 84,975 368,830
AFRICA 300,880 103,360 117,199 139,660 198,950 287,757 330,424 436,053 517,180 567,903 598,947 3,598,313
Bangladesh 0 0 510 1,659 6,029 12,472 6,699 24,211 43,636 27,432 30,622 15,3270
China 0 0 0 3 3 401 3,713 13,668 2,485,550 5,000,232 10,015,029 1,751,8599
India 0 0 8,102 13,166 61,408 131,009 162,474 213,099 804,444 1,734,449 916,055 4,044,206
Indonesia 0 1,769 14,557 30,008 52,710 80,605 114,168 301,358 715,806 669,748 642,952 2,623,681
Japan 0 657,521 1690,735 1,659,536 1,770,595 1,609,474 1,232,678 854,141 597,939 355,565 241,816 10,670,000
DPR Korea 0 1,047 2,610 90,785 116,322 136,647 151,760 161,662 166,353 252,352 522,061 1,601,599
Republic of Korea 0 0 0 0 0 0 211,543 566,755 346,969 283,860 220,443 1,629,570
Malaysia 0 0 0 0 14 189 1,734 10,649 17,653 23,971 31,961 86,171
Myanmar 1,238 12 53 86 938 4,267 2,925 9,576 52,477 73,512 63,861 208,945
Pakistan 0 0 0 208 914 1,537 7,952 3,859 4,444 4,274 4,210 27,398
Philippines 0 0 0 1 32 86 252 2,608 11,084 23,400 41,745 79,208
Syria 0 0 0 0 0 0 1,262 13,587 24,758 39,347 33,186 112,140
Thailand 29 22 58 470 650 2,990 8,899 11,,918 45,092 95,575 138,684 304,387
Turkey 0 2,530 6,747 10,964 47,690 69,199 86,167 148,852 459,860 584,132 214,494 1,630,635
Vietnam 1,890 0 315 315 18,900 9,450 27,468 207,711 146,571 143,157 282,383 838,160
Others 26 7 42 877 3,568 6,687 5,648 10,682 50,563 104,066 92,114 274,280
ASIA 3,183 662,908 1,723,729 1,808,078 2,079,773 2,065,013 2,025,342 2,554,336 5,973,199 9,415,072 13,491,616 41,802,249
Australia 16,872 11,018 16,323 18,489 59,810 108,748 155,191 168,346 157,388 179,044 151,335 1,042,564
New Zealand 10,568 2,460 2,460 6,578 19,050 73,679 214,900 261,697 292,409 233,610 424,855 1,542,266
Others 1,399 687 958 1,278 4,022 9,303 18,873 21,931 22,938 21,044 29,383 131,816
OCEANIA 28,839 14,165 19,741 26,345 82,882 191,730 388,964 451,974 472,735 433,698 605,,573 2,716,646
Costa Rica 0 0 40 75 75 600 800 1,130 1,900 43,890 43,890 92,400
Cuba 0 0 0 641 888 8,822 16,876 27,122 37,478 42,409 94,682 228,918
Mexico 0 0 0 173 333 1,185 2,487 9,551 16,436 15,526 12,898 58,589
United States 0 0 0 0 0 1,560,000 2,600,000 2,835,000 3,775,000 3,786,250 3,831,250 18,387,500
Others 0 0 14 301 438 3,588 6,821 12,788 18,880 34,444 51,237 128,511
NORTH AND
CENTRAL
AMERICA 0 0 54 1,190 1,734 1,574,195 2,626,984 2,885,591 3,849,694 3,922,519 4,033,957 18,895,918

Argentina 171 2,249 10,281 22,276 34,699 59,116 95,957 118,937 100,590 127,974 105,235 677,485
Brazil 124 396 1,055 16,133 22,338 94,192 320,986 403,900 628,383 374,470 372,301 2,234,278
Chile 0 2,415 9,270 15,395 27,626 116,192 138,217 134,004 286,074 507,020 440,907 1,677,120
Colombia 0 32 86 821 1,137 4,359 8,888 11,035 11,331 26,504 29,586 93,779
Ecuador 0 715 730 2,270 2,319 5,164 6,691 13,061 17,043 17,454 17,886 83,333
Peru 2,453 1,233 1,265 1,732 1,779 2,745 10,356 8,727 14,994 17,534 20,241 83,059
Uruguay 3,546 3,556 3,611 3,667 11,186 11,367 9,463 4,633 4,627 7,298 53,046 116,000
Venezuela 0 0 0 19 21 48 25,546 42,863 54,637 157,949 139,172 420,255
Others 78 69 89 287 481 521 1,644 2,860 4,516 3,665 4,241 18,451
SOUTH
AMERICA 6,372 10,665 26,387 62,600 101,586 293,704 617,748 740,020 1,122,195 1,239,868 1,182,615 5,403,760
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Area planted by five-year intervalCountry/territory
and region before

1946
1946-
1950

1951-
1955

1956-
1960

1961-
1965

1966-
1970

1971-
1975

1976-
1980

1981-
1985

1986-
1990

1991-
1995

Total Area

Belgium 55,760 24,438 24,438 24,438 24,438 24,438 24,438 23,047 23,047 23,047 23,047 294,576
Bulgaria 6,996 4,158 11,269 50,504 69,929 89,353 109,414 202,425 233,959 89,876 101,417 969,300
Denmark 200,547 18,305 18,305 18,305 18,305 18,305 18,305 24,867 24,867 24,867 24,867 409,845
France 176,491 78,638 59,731 60,502 102,157 103,512 146,865 148,865 21,560 21,862 34,645 954,828
Hungary 4,368 654 16,750 19,990 16,349 18,118 14,968 13,564 10,946 11,644 8,474 135,825
Ireland 132,750 26,375 26,375 26,375 26,375 26,375 26,375 75,000 75,000 75,000 75,000 591,000
Italy 0 417 1,111 1,805 2,499 3,193 3,887 10,080 25,442 35,370 44,337 128,141
Netherlands 1,989 403 1,075 1,747 8,467 10,819 13,171 15,523 13,789 15,604 17,418 100,005
Norway 0 0 0 0 0 0 29,720 69,224 69,224 71,301 56,671 296,140
Portugal 115,002 32,274 34,028 31,310 33,219 35,376 61,081 71,883 120,961 143,341 157,124 835,599
Spain 0 13,435 59,197 151,888 175,255 214,980 299,881 302,023 281,187 192,586 214,980 1,905,412
Sweden 0 0 0 0 0 548 56,618 134,962 180,497 138,802 61,117 572,544
United Kingdom 93,778 112,647 113,687 152,192 145,819 130,280 116,026 134,780 143,148 157,562 100,004 1,399,923
Others 10,502 4,157 4,880 7,191 8,309 9,010 12,280 16,351 16,316 13,342 12,254 114,592
EUROPE 798,183 315,901 370,846 546,247 631,121 684,307 933,029 1,242,594 1,239,943 1,014,204 931,355 8,707,730
Belarus 5,683 5,683 5,683 5,683 36,938 32,067 27,602 26,368 28,187 17,276 5,455 196,625
Latvia 71,038 8,431 8,431 8,431 8,431 8,431 8,431 5,644 5,644 5,644 5,644 144,200
Lithuania 42,824 20,007 20,805 21,670 22,609 23,634 24,756 25,013 26,324 27,781 29,409 284,832
Russian Federation 495,587 495,587 495,587 495,587 3,221,313 2,796,525 2,407,135 2,299,522 2,458,110 1,506,583 475,762 17,147,298
Ukraine 490,450 465,298 465,298 465,298 815,000 465,000 340,000 275,000 230,000 225,000 190,000 4,426,344
FORMER USSR 1,105,582 995,006 995,804 996,669 4,104,291 3,325,657 2,807,924 2,631,547 2,748,265 1,782,284 706,270 22,199,299

WORLD TOTAL 2,243,039 2,102,005 3,253,760 3,580,789 7,200,337 8,422,363 9,730,415 10,942,115 15,923,211 18,375,548 21,550,333 103,323,915
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APPENDIX 4: ESTIMATED NON-INDUSTRIAL FOREST PLANTATION
AGE-CLASS STRUCTURE BY COUNTRY AND REGION

Area planted by five-year intervalCountry/territory
and region before

1946
1946-
1950

1951-
1955

1956-
1960

1961-
1965

1966-
1970

1971-
1975

1976-
1980

1981-
1985

1986-
1990

1991-
1995

Total
Area

Algeria 5 7 19 31 8,457 10,806 13,156 15,505 33,923 38,386 42,850 163,145
Ethiopia 15,175 3,796 3,805 3,815 3,824 3,834 3,844 9,634 28,975 29,049 29,124 134,875
Kenya 1,055 91 243 541 749 1,867 2,954 3,348 6,919 14,832 16,557 49,156
Libya 0 0 991 6,234 9,081 6,827 10,336 30,096 32,089 36,312 40,534 172,500
Madagascar 679 747 1,993 4,195 5,808 16,145 19,971 20,175 15,488 17,526 19,564 122,291
Malawi 0 122 124 125 127 0 0 993 8,687 9,999 10,141 30,318
Morocco 0 594 4,751 13,510 19,596 27,316 14,549 27,761 31,968 36,174 40,380 216,598
Nigeria 19 36 95 320 443 1,133 2,091 2,098 17,512 15,375 17,524 56,646
Rwanda 2,059 1,717 1,721 1,725 1,730 1,387 1,391 5,926 51,899 52,031 0 121,586
Senegal 0 8 22 0 0 0 691 2,945 25,655 58,453 49,358 137,132
South Africa 2,942 941 995 1,019 1,085 1,160 1,246 1,193 1,297 1,422 1,316 14,616
Sudan 1,863 1,404 1,441 6,780 6,966 12,372 20,706 34,438 38,561 55,523 53,078 233,132
Swaziland 0 5 33 87 166 271 402 1,116 1,480 1,895 0 5,453
Tanzania 24 33 89 367 509 1,160 3,391 11,322 26,075 20,270 22,627 85,867
Tunisia 115 173 769 1,750 10,383 22,112 26,919 39,340 21,920 18,189 53,530 195,200
Zimbabwe 219 132 351 570 789 1,513 1,842 2,170 2,553 2,832 4,630 17,601
Others 26,590 9,212 10,711 13,952 20,208 29,276 34,159 47,493 62,765 70,722 72,483 397,570
AFRICA 50,745 19,018 28,152 55,020 89,921 137,179 157,647 255,553 407,766 478,989 473,696 2,153,686
Bangladesh 0 0 0 0 0 0 0 0 7,879 51,435 57,416 116,730
China 0 0 0 0 1 88 817 3,008 546,837 1,100,081 2,203,369 3.854,201
India 0 0 1,036 1,683 27,414 39,233 46,909 88,456 1,886,703 4,067,890 2,148,471 8.307,795
Indonesia 0 0 0 0 0 5,813 30,665 217,957 42,679 48,295 53,911 399,320
Japan 0 0 0 0 0 0 0 0 0 0 0 0
DPR Korea 0 391 975 33,920 43,461 51,055 56,702 60,401 62,154 94,285 195,056 598,400
Republic of Korea 0 0 0 9,213 100,091 240,324 70,802 0 0 0 0 420,430
Malaysia 0 0 0 0 0 0 0 0 8,826 12,651 16,352 37,829
Myanmar 288 7 30 48 618 1,612 3,543 7,116 30,027 27,043 51,723 122,055
Pakistan 0 0 0 1,876 8,228 13,833 71,572 34,733 39,996 38,469 37,892 246,599
Philippines 0 0 2 13 129 186 377 10,190 11,378 19,462 31,054 72,791
Syria 0 0 0 0 0 0 842 9,058 16,505 26,232 22,124 74,761
Thailand 0 0 0 0 0 332 4,045 19,069 39,603 68,086 94,478 225,613
Turkey 0 343 914 1,485 6,458 9,370 11,668 20,156 62,271 79,099 29,045 220,809
Vietnam 1,110 0 185 185 11,100 5,550 16,132 121,989 14,729 18,143 20,417 209,540
Others 15 2,215 5,763 6,179 7,441 7,869 7,496 9,946 27,390 47,936 60,737 182,987
ASIA 1,413 2,956 8,905 54,602 204,941 375,265 321,570 602,079 2,796,977 5,699,107 5,022,045 15,089,860
Australia 0 0 0 0 0 0 0 0 0 0 0 0
New Zealand 0 0 0 0 0 0 0 0 0 0 0 0
Others 148 73 101 135 426 985 1,999 2,322 2,429 2,228 3,112 13,958
OCEANIA 148 73 101 135 426 985 1,999 2,322 2,429 2,228 3,112 13,958
Costa Rica 0 0 0 0 0 0 0 0 0 8,110 8,110 16,220
Cuba 0 0 0 2,493 3,452 8,822 10,739 12,657 30,399 34,399 63,121 166,082
Mexico 0 0 0 315 605 2,172 4,535 17,476 29,908 25,876 19,346 100,233
United States 0 0 0 0 0 0 0 0 0 0 0 0
Others 0 0 5 121 176 1,440 2,738 5,134 7,579 13,828 20,569 51,590
NORTH AND
CENTRAL
AMERICA 0 0 5 2,929 4,233 12,434 18,012 35,267 67,886 82,213 111,146 334,125
Argentina 32 428 1,958 4,243 6,609 11,260 18,278 22,655 19,160 24,376 20,045 129,044
Brazil 372 535 1,427 27,628 38,533 32,111 175,912 358,340 564,092 374,470 372,302 1,945,722
Chile 0 101 386 642 1,151 4,841 5,759 5,583 11,920 21,126 18,371 69,880
Colombia 0 0 0 0 0 1,170 4,746 8,391 6,822 26,505 29,586 77,220
Ecuador 0 143 146 454 464 1,033 1,338 2,612 3,409 3,491 3,577 16,667
Peru 4,089 2,055 2,108 2,598 2,669 4,574 16,005 12,605 49,979 54,664 58,593 209,939
Uruguay 7,092 7,113 7,222 7,335 22,373 22,733 18,926 9,265 9,253 14,597 106,091 232,000
Venezuela 0 0 0 4 4 9 4,544 7,623 9,717 28,092 24,753 74,746
Others 74 86 163 434 713 1,529 3,551 4,798 7,385 7,350 7,466 33,549
SOUTH AMERICA 11,659 10,461 13,410 43,338 72,516 79,260 249,059 431,872 681,737 554,671 640,784 2,788,767

WORLD TOTAL 63,965 32,507 50,573 156,024 372,037 605,123 748,287 1,327,093 3,956,795 6,817,208 6,250,783 20,380,396
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APPENDIX 5: PROJECTED POTENTIAL ROUNDWOOD PRODUCTION FROM
FOREST PLANTATIONS (1995 – 2050) BY COUNTRY AND
REGION UNDER SCENARIO 1

Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Algeria 0 8 115 313 192 128 179 289 366 306
Ethiopia 112 110 72 52 75 1,447 1,412 1,242 1,167 1,211
Kenya 589 586 633 614 634 279 319 372 373 387
Libya 33 41 99 127 102 335 407 567 569 566
Madagascar 281 433 614 645 633 1,524 1,261 1,187 1,332 1,185
Malawi 289 313 361 417 411 89 156 137 119 158
Morocco 267 362 561 642 642 509 455 488 589 666
Nigeria 500 493 548 583 671 252 391 337 296 400
Rwanda 18 35 156 219 205 504 695 554 581 657
Senegal 4 9 39 46 45 109 272 509 552 587
South Africa 18,374 16,552 15,351 17,074 16,532 258 202 189 217 195
Sudan 352 379 379 335 322 1,122 1,126 1,129 1,177 1,178
Swaziland 429 582 846 998 981 66 65 52 60 93
Tanzania 307 449 532 575 557 629 748 749 811 859
Tunisia 88 135 221 284 228 602 612 675 785 703
Zimbabwe 748 858 1,061 1,253 1,222 241 224 232 244 227
Others 1,545 1,814 2,357 2,596 2,631 4,073 3,845 3,440 3,438 3,375
AFRICA 23,938 23,159 23,946 26,772 26,084 12,167 12,370 12,148 12,675 12,753
Bangladesh 386 477 512 540 492 35 151 669 417 590
China 22,332 54,444 109,718 105,454 111,421 5,459 13,110 25,401 23,434 24,356
India 2,518 4,125 12,074 26,263 20,071 30,165 62,397 73,748 72,566 84,603
Indonesia 3,894 6,024 12,295 15,372 14,904 5,280 4,527 3,163 3,966 4,170
Japan 24,749 28,178 34,909 36,927 34,858 0 0 0 0 0
DPR Korea 1,776 2,345 4,238 5,684 4,725 2,779 2,706 3,355 3,407 3,185
Republic of Korea 1,808 2,901 5,856 10,140 7,856 2,512 2,660 3,568 3,922 2,505
Malaysia 280 474 778 822 888 146 306 439 427 472
Myanmar 55 25 49 243 409 206 330 550 604 630
Pakistan 40 68 82 100 104 1,794 1,792 1,636 1,853 1,886
Philippines 25 72 308 629 522 418 594 759 772 839
Syria 3 11 83 210 158 64 123 233 254 261
Thailand 48 121 559 1,624 1,186 530 970 1,672 1,752 1,842
Turkey 1,020 1,656 4,543 8,248 6,309 1,465 1,879 1,882 1,987 2,152
Vietnam 1,268 1,771 3,548 4,114 4,026 2,497 2,040 1,368 1,727 1,762
Others 280 513 1,055 1,427 1,383 495 797 1,190 1,196 1,273
ASIA 60,480 103,204 190,607 217,796 209,312 53,843 94,382 119,634 118,284 130,524
Australia 13,141 14,297 15,010 14,578 14,802 0 0 0 0 0
New Zealand 19,915 26,070 28,806 32,702 30,674 0 0 0 0 0
Others 242 301 370 377 425 32 35 37 37 46
OCEANIA 33,297 40,668 44,186 47,657 45,901 32 35 37 37 46
Costa Rica 181 501 781 1,004 987 78 202 209 201 219
Cuba 400 625 1,178 1,412 1,274 858 1,004 1,348 1,384 1,378
Mexico 121 202 375 405 422 836 945 862 964 1,025
United States 113,131 130,584 141,869 159,337 155,863 0 0 0 0 0
Others 208 313 762 796 700 235 301 427 419 434
NORTH AND
CENTRAL
AMERICA 114,042 132,225 144,964 162,954 159,246 2,006 2,452 2,846 2,967 3,056
Argentina 4,019 4,938 7,294 9,044 7,955 761 941 1,387 1,713 1,629
Brazil 12,109 17,274 25,372 34,002 35,006 12,639 15,004 13,249 20,984 19,022
Chile 17,377 17,497 26,669 30,876 26,624 532 712 646 678 898
Colombia 139 227 414 809 545 133 227 466 669 665
Ecuador 248 359 558 646 645 75 99 125 145 176
Peru 635 623 675 656 722 1,458 1,651 1,983 1,786 2,230
Uruguay 855 750 724 1,118 760 2,136 1,836 2,005 2,693 3,254
Venezuela 595 1,194 3,397 3,540 2,905 398 526 793 808 869
Others 83 108 143 132 147 249 277 291 325 349
SOUTH AMERICA 36,060 42,970 65,246 80,822 75,309 18,381 21,272 20,945 29,800 29,094
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Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Belgium 2,444 2,524 2,467 2,386 2,262 0 0 0 0 0
Bulgaria 1,279 2,104 4,608 8,594 6,174 0 0 0 0 0
Denmark 3,057 2,953 2,763 2,611 2,502 0 0 0 0 0
France 8,431 8,043 8,454 8,738 6,763 0 0 0 0 0
Hungary 1,135 1,178 1,566 1,734 1,214 0 0 0 0 0
Ireland 3,283 3,236 3,190 3,662 3,846 0 0 0 0 0
Italy 1,243 1,234 1,209 1,264 1,465 0 0 0 0 0
Netherlands 345 487 804 975 859 0 0 0 0 0
Norway 0 0 0 450 1,275 0 0 0 0 0
Portugal 9,405 9,688 9,984 9,882 9,881 0 0 0 0 0
Spain 10,547 12,297 16,096 14,771 14,421 0 0 0 0 0
Sweden 0 0 0 402 2,140 0 0 0 0 0
United Kingdom 6,911 9,083 11,825 12,060 9,601 0 0 0 0 0
Others 470 511 634 868 803 0 0 0 0 0
EUROPE 48,552 53,338 63,599 68,399 63,206 0 0 0 0 0
Belarus 102 154 406 948 933 0 0 0 0 0
Latvia 684 692 705 714 590 0 0 0 0 0
Lithuania 624 780 1,041 1,271 1,423 0 0 0 0 0
Russian Federation 9,158 10,784 27,922 48,120 19,285 0 0 0 0 0
Ukraine 4,130 6,576 11,089 14,935 11,051 0 0 0 0 0
FORMER USSR 14,699 18,986 41,163 65,988 33,282 0 0 0 0 0

WORLD TOTAL 331,068 414,550 573,711 670,388 612,340 86,429 130,511 155,610 163,763 175,473
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APPENDIX 6: PROJECTED POTENTIAL ROUNDWOOD PRODUCTION FROM
FOREST PLANTATIONS (1995 – 2050) BY COUNTRY AND
REGION UNDER SCENARIO 2

Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Algeria 0 8 115 313 363 128 179 295 394 456
Ethiopia 112 110 72 53 98 1,447 1,412 1,291 1,327 1,718
Kenya 589 586 638 649 874 279 319 390 428 554
Libya 33 41 99 129 149 335 407 580 626 805
Madagascar 281 433 614 663 869 1,524 1,261 1,241 1,493 1,679
Malawi 289 313 361 442 560 89 156 147 143 214
Morocco 267 362 561 675 873 509 455 527 686 886
Nigeria 500 493 569 654 922 252 391 362 357 538
Rwanda 18 35 156 224 278 504 695 582 665 915
Senegal 4 9 39 47 64 109 272 526 618 835
South Africa 18,374 16,552 15,726 19,194 23,024 258 202 199 246 276
Sudan 352 379 399 401 555 1,122 1,126 1,182 1,338 1,673
Swaziland 429 582 859 1,068 1,371 66 65 55 68 124
Tanzania 307 449 532 591 764 629 748 789 930 1,224
Tunisia 88 135 221 290 331 602 612 698 870 1,010
Zimbabwe 748 858 1,068 1,310 1,687 241 224 243 275 324
Others 1,545 1,814 2,409 2,826 3,711 4,073 3,845 3,562 3,849 4,756
AFRICA 23,938 23,159 24,439 29,530 36,490 12,167 12,370 12,668 14,313 17,988
Bangladesh 386 477 512 611 703 35 151 678 495 823
China 22,332 54,444 114,761 121,806 165,173 5,459 13,110 26,606 27,225 36,290
India 2,518 4,125 12,074 26,789 28,081 30,165 62,397 77,584 84,057 119,916
Indonesia 3,894 6,024 12,440 16,228 21,257 5,280 4,527 3,347 4,518 5,867
Japan 24,749 28,178 34,909 37,784 44,381 0 0 0 0 0
DPR Korea 1,776 2,345 4,238 5,775 6,864 2,779 2,706 3,478 3,821 4,555
Republic of Korea 1,808 2,901 5,856 10,480 10,665 2,512 2,660 3,595 4,079 3,176
Malaysia 280 474 804 923 1,272 146 306 462 495 681
Myanmar 55 25 49 243 749 206 330 569 678 932
Pakistan 40 68 82 103 143 1794 1,792 1,699 2,081 2,662
Philippines 25 72 312 658 754 418 594 799 892 1,208
Syria 3 11 83 213 261 64 123 239 280 369
Thailand 48 121 559 1,654 1,838 530 970 1,732 1,974 2,644
Turkey 1,020 1,656 4,543 8,371 9,412 1,465 1,879 1,966 2,260 3,023
Vietnam 1,268 1,771 3,606 4,409 5,807 2,497 2,040 1,445 1,959 2,474
Others 280 513 1,079 1,538 1,990 495 797 1,240 1,365 1,828
ASIA 60,480 103,204 195,907 237,584 299,349 53,843 94,382 125,441 136,178 186,450
Australia 13,142 14,297 15,228 15,606 20,875 0 0 0 0 0
New Zealand 19,915 26,070 28,806 35,588 43,633 0 0 0 0 0
Others 242 301 378 416 583 32 35 39 42 60
OCEANIA 33,298 40,668 44,412 51,610 65,091 32 35 39 42 60
Costa Rica 181 501 826 1,126 1,422 78 202 228 239 321
Cuba 400 625 1,178 1,525 1,826 858 1,004 1,404 1,574 1,984
Mexico 121 202 381 437 595 836 945 908 1,103 1,451
United States 113,131 130,584 143,471 176,787 221,461 0 0 0 0 0
Others 208 313 762 874 1,033 235 301 443 481 626
NORTH AND
CENTRAL
AMERICA 114,042 132,225 146,617 180,750 226,337 2,006 2,452 2,983 3,397 4,382
Argentina 4,019 4,938 7,400 9,627 11,694 761 941 1,407 1,823 2,100
Brazil 12,109 17,274 26,004 36,914 50,236 12,639 15,004 13,717 22,788 25,510
Chile 17,377 17,497 26,853 33,464 37,859 532 712 701 811 1,194
Colombia 139 227 414 828 813 133 227 477 719 912
Ecuador 248 359 567 692 927 75 99 129 160 222
Peru 635 623 689 742 1,055 1,458 1,651 2,034 2,061 2,973
Uruguay 855 750 736 1,200 1,179 2,136 1,836 2,061 2,980 4,018
Venezuela 595 1,194 3,397 3,874 4,520 398 526 815 924 1,221
Others 83 108 146 149 219 249 277 299 369 467
SOUTH AMERICA 36,060 42,970 66,206 87,488 108,503 18,381 21,272 21,640 32,636 38,616
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Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Belgium 2,444 2,524 2,467 2,386 2,897 0 0 0 0 0
Bulgaria 1,279 2,104 4,608 8,676 8,681 0 0 0 0 0
Denmark 3,057 2,953 2,763 2,611 2,849 0 0 0 0 0
France 8,431 8,043 8,814 9,240 9,201 0 0 0 0 0
Hungary 1,135 1,178 1,666 1,955 1,743 0 0 0 0 0
Ireland 3,283 3,236 3,190 3,693 4,967 0 0 0 0 0
Italy 1,243 1,234 1,332 1,485 2,077 0 0 0 0 0
Netherlands 345 487 804 990 1,176 0 0 0 0 0
Norway 0 0 0 450 1,703 0 0 0 0 0
Portugal 9,405 9,688 10,432 11,444 14,306 0 0 0 0 0
Spain 10,547 12,297 16,096 15,148 19,800 0 0 0 0 0
Sweden 0 0 0 402 2,683 0 0 0 0 0
United Kingdom 6,911 9,083 11,825 12,060 12,881 0 0 0 0 0
Others 470 511 634 868 1,058 0 0 0 0 0
EUROPE 48,552 53,338 64,630 71,410 86,023 0 0 0 0 0
Belarus 102 154 406 948 1,085 0 0 0 0 0
Latvia 684 692 705 714 654 0 0 0 0 0
Lithuania 624 780 1,041 1,271 1,644 0 0 0 0 0
Russian Federation 9,158 10,784 27,922 48,120 29,870 0 0 0 0 0
Ukraine 4,130 6,576 11,089 14,935 12,716 0 0 0 0 0
FORMER USSR 14,699 18,986 41,163 65,988 45,969 0 0 0 0 0

WORLD TOTAL 331,069 414,550 583,374 724,360 867,762 86,429 130,511 162,771 186,566 247,496
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APPENDIX 7: PROJECTED POTENTIAL ROUNDWOOD PRODUCTION FROM
FOREST PLANTATIONS (1995 – 2050) BY COUNTRY AND
REGION UNDER SCENARIO 3

Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Algeria 0 8 115 313 2,972 128 179 396 824 2,231
Ethiopia 112 110 72 54 123 1,447 1,412 1,369 1,557 2,092
Kenya 589 586 639 654 840 279 319 394 435 522
Libya 33 41 99 138 280 335 407 632 829 1,346
Madagascar 281 433 614 685 1,013 1,524 1,261 1,301 1,651 1,879
Malawi 289 313 361 417 411 89 156 137 119 158
Morocco 267 362 561 817 1,507 509 455 527 678 804
Nigeria 500 493 670 964 1,614 252 391 481 620 905
Rwanda 18 35 156 244 443 504 695 675 920 1,395
Senegal 4 9 39 49 93 109 272 566 757 1,151
South Africa 18,374 16,552 15,876 19,936 22,505 258 202 203 255 266
Sudan 352 379 524 797 1,513 1,122 1,126 1,853 3,204 5,592
Swaziland 429 582 877 1,159 1,658 66 65 58 79 145
Tanzania 307 449 532 688 1,664 629 748 1,032 1,602 2,584
Tunisia 88 135 221 318 733 602 612 819 1,289 2,024
Zimbabwe 748 858 1,085 1,456 2,472 241 224 271 351 461
Others 1,545 1,814 2,624 3,709 6,565 4,073 3,845 4,057 5,400 8,109
AFRICA 23,938 23,159 25,066 32,399 46,407 12,167 12,370 14,770 20,570 31,666
Bangladesh 386 477 512 762 930 35 151 698 657 1,082
China 22,332 54,444 156,904 248,960 453,855 5,459 13,110 36,679 56,657 99,910
India 2,518 4,125 12,074 29,456 57,463 30,165 62,397 97,039 137,677 226,440
Indonesia 3,894 6,024 13,497 22,222 54,765 5,280 4,527 4,663 8,161 13,308
Japan 24,749 28,178 34,909 37,329 38,385 0 0 0 0 0
DPR Korea 1,776 2,345 4,238 6,182 14,237 2,779 2,706 4,033 5,554 8,318
Republic of Korea 1,808 2,901 5,856 10,528 11,062 2,512 2,660 3,568 3,922 2,505
Malaysia 280 474 1,198 2,363 5,189 146 306 805 1,451 2,702
Myanmar 55 25 49 243 3,528 206 330 741 1,283 2,743
Pakistan 40 68 82 122 315 1,794 1,792 2,094 3,427 5,731
Philippines 25 72 366 1,021 2,938 418 594 1,360 2,464 4,530
Syria 3 11 83 251 1,403 64 123 317 600 1,344
Thailand 48 121 559 1,845 5,075 530 970 2,128 3,340 5,716
Turkey 1,020 1,656 4,543 8,568 12,938 1,465 1,879 2,104 2,659 3,684
Vietnam 1,268 1,771 4,219 7,355 19,217 2,497 2,040 2,254 4,205 7,160
Others 280 513 1,274 2,409 5,510 495 797 1,651 2,654 4,640
ASIA 60,480 103,204 240,364 379,617 686,812 53,843 94,382 160,135 234,712 389,814
Australia 13,142 14,297 15,532 16,938 25,448 0 0 0 0 0
New Zealand 19,915 26,070 28,806 43,931 65,937 0 0 0 0 0
Others 242 301 440 681 1,319 32 35 56 94 204
OCEANIA 33,298 40,668 44,778 61,551 92,704 32 35 56 94 204
Costa Rica 181 501 1,405 2,559 5,044 78 202 468 687 1,085
Cuba 400 625 1,178 2,130 3,799 858 1,004 1,701 2,499 3,905
Mexico 121 202 402 540 971 836 945 1,067 1,536 2,271
United States 113,131 130,584 148,284 227,936 341,351 0 0 0 0 0
Others 208 313 762 1,840 3,895 235 301 648 1,203 2,145
NORTH AND
CENTRAL
AMERICA 114,042 132,225 152,031 235,006 355,060 2,006 2,452 3,884 5,924 9,406
Argentina 4,019 4,938 7,613 10,726 17,018 761 941 1,455 2,071 2,847
Brazil 12,109 17,274 26,885 40,664 63,011 12,639 15,004 14,368 25,077 30,903
Chile 17,377 17,497 27,724 45,480 70,938 532 712 960 1,374 1,952
Colombia 139 227 414 919 1,795 133 227 527 952 1,792
Ecuador 248 359 597 848 1,645 75 99 143 212 322
Peru 635 623 768 1,221 2,359 1,458 1,651 2,333 3,596 5,545
Uruguay 855 750 862 2,037 4,451 2,136 1,836 2,655 5,868 9,536
Venezuela 595 1,194 3,397 5,563 10,290 398 526 926 1,483 2,398
Others 83 108 152 193 353 249 277 322 488 670
SOUTH AMERICA 36,060 42,970 68,412 107,652 171,860 18,381 21,272 23,689 41,119 55,964
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Potential roundwood production in thousand cubic metres
Industrial roundwood Wood fuel

Country/territory
and region

1995 2000 2010 2020 2050 1995 2000 2010 2020 2050
Belgium 2,444 2,524 2,467 2,386 2,753 0 0 0 0 0
Bulgaria 1,279 2,104 4,608 8,752 10,761 0 0 0 0 0
Denmark 3,057 2,953 2,763 2,611 2,925 0 0 0 0 0
France 8,431 8,043 8,643 8,997 7,833 0 0 0 0 0
Hungary 1,135 1,178 1,948 2,549 2,658 0 0 0 0 0
Ireland 3,283 3,236 3,190 3,795 8,348 0 0 0 0 0
Italy 1,243 1,234 1,852 2,393 3,678 0 0 0 0 0
Netherlands 345 487 804 1,016 1,715 0 0 0 0 0
Norway 0 0 0 450 2,914 0 0 0 0 0
Portugal 9,405 9,688 11,548 15,290 21,113 0 0 0 0 0
Spain 10,547 12,297 16,096 15,683 25,470 0 0 0 0 0
Sweden 0 0 0 402 3,278 0 0 0 0 0
United Kingdom 6,911 9,083 11,825 12,060 11,464 0 0 0 0 0
Others 470 511 634 868 1,343 0 0 0 0 0
EUROPE 48,552 53,338 66,376 77,251 106,255 0 0 0 0 0
Belarus 102 154 406 948 1,201 0 0 0 0 0
Latvia 684 692 705 714 640 0 0 0 0 0
Lithuania 624 780 1,041 1,271 1,888 0 0 0 0 0
Russian Federation 9,158 10,784 27,922 48,120 25,107 0 0 0 0 0
Ukraine 4,130 6,576 11,089 14,935 12,480 0 0 0 0 0
FORMER USSR 14,699 18,986 41,163 65,988 41,316 0 0 0 0 0

WORLD TOTAL 331,069 414,550 638,190 959,464 1,500,414 86,429 130,511 202,534 302,419 487,054
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