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Preface

Human use of forest resources in the past is characterised by
destructive exploitation and damage both to the resources and to
the wider environment. It is also characterised by friction and
conflict over the control of the resources base and the type of use
to which it should be put. Problems of forest resources use have
been experienced in various parts of the world for thousands of
years and by late twentieth century the condition and fate of
major world forests emerged as a major world issue. The most
obvious conclusion to be drawn from a study of global forest
resource is that lesson from the history of forests resources in one
part of the world should be kept in view.

Global forests resources now attract unprecedented
attention. They give rise to more widespread concern than at any
time in the history, even though they are no longer a vital part of
the power base of major countries as they were before the days of
coal and steel. This concern extend both to their value and
usefulness as a resource, and to the environmental effects of their
use. The destruction of tropical forests is the recent example and
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attracts attention not only for the people and areas immediately
under impact, but also other areas and peoples as there are many
forests that are witnessing threat of deforestation.

In addition to a source of many useful products and services,
the forest is also a symbol of environmental purity. The depletion
of world forests and other natural resources is an issue about
which a major portion of the world population is concerned very
much. It is in this context the present book makes an attempt to
bring before the reader various aspects connected with the forests
resources and also strategies for their conservation.

R.N. Chauhan
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1
Introduction

Global forest resources now attract unprecedented attention.
They give rise to more widespread concern than at any time in
history, even though they are no longer a vital part of the power
base of major countries as they were before the days of coal and
steel. This concern extends both to their value and usefulness as a
resource, and to the environmental effects of their use. The des-
truction of tropical forests attracts much more attention today
than similar episodes of forest destruction, for example in Europe
or North America, did in the past. This interest extends far beyond
those peoples and areas immediately affected: indeed tropical
deforestation is a global issue. The health of forests in Europe and
North America, and their fate in the face of air pollution and
possible climate change, is a topic of similar concern. The forest is
not only a source of many useful products and services: it is also
a symbol of environmental purity. Symptoms of malaise are there-
fore unwelcome and worrying, and contribute to the emergence
of world forests as a major issue of the day.
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The depletion of world forests and other natural resources is
an issue about which one-third or more of the population of many
developed countries are ‘very concerned’.

The depletion of forests and other natural resources gives rise
to similar extents of concern as related environmental issues such
as the extinction of plant and animal species and possible climatic
change resulting from the increasing content of carbon dioxide in
the atmosphere. Other surveys confirm the centrality of forest
resources as a major environmental issue of the day. One report
suggests that up to 72 per cent of the population in the European
Community indicate an interest in it. Only relatively small
numbers of people directly depend on forests for their livelihood,
but vast numbers are concerned about their use and condition.
Paradoxically, the more separated people become from the forest
in their daily lives, the more interested and concerned they seem
to become about its condition and extent.

Mankind and the Forest

The relationship between mankind and the forest has a complex
and ambivalent history. While it has at times been a refuge, a home
and a source of raw materials, it has also been feared and attacked
as an obstacle to development and welfare. It has variously been
a source of strategic raw materials on which military power was
based, a fund of natural resources on which economic development
could proceed, and an obstacle which had to be removed before
agriculture could begin. Great significance has been ascribed to it:
for example, “One of the reasons for Europe’s power lays in its
being so plentifully endowed with forests. Against it, Islam was
in the long run undermined by the poverty of its wood resources
and their gradual exhaustion.” However accurate this assessment
may be, man’s attitudes to the forest have rarely been neutral.
Nor have they been explicable solely in material terms. The forest
may be a useful source of raw materials or it can be an obstacle that
must be cleared before food production or some other activity
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can proceed, but it also affects the mind of man. Whether it
depresses, humbles or inspires awe perhaps depends at least in
part on technology and lifestyle, but it cannot be doubted that
there is a psychological dimension to these attitudes as well as a
physical or material one.

Perceptions have altered radically through history: the forest
that was once dreaded and attacked with a vigour that could be
understood only partly in terms of the need for agricultural
advancement is now cherished as a valued environment in much
of Europe and North America. This transformation has not occurred
simultaneously throughout a people or country and still less has
it taken place throughout the world. In Thailand, for example, the
perception of the forest as a source of danger and its association
with backwardness still survives: the most common Thai word
for forest, paa, also means wild or backward. The negative association
with development survives there and in many other parts of the
developing world as it once did in nineteenth century North
America or medieval Europe. And indeed the continuing and
often pejorative use of the terms ‘backwoods” and ‘backwoodsmen’
would suggest that the negative associations are still not dead even
in the developed world.

Different individuals and groups, and on a different level,
different peoples and nations, are characterised by different
relationships to the forest. In much of the developed world, the
forest is now widely valued as a resource for recreation and wild-
life conservation: equally, it is seen by others primarily as a source
of raw material for forest-products industries. Clashes and conflicts
arise between these values, and although they can be curbed and
contained by compromise, they cannot fundamentally be resolved
as long as contrasting perceptions remain. The same forest can be
perceived very differently as a natural resource, and indeed it can
be perceived as a non-resource or anti-resource that must be
removed before the underlying land resource can be brought into
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use. In much of the developing world, the removal of forests is
rapidly proceeding as more land is required (or is thought to be re-
quired) for food production. Here the resource value for recreation
or wildlife conservation is unlikely to be a serious concern of the
small cultivator struggling to feed his family. Just as these contrasts
in perception are readily appreciated, so also are those at the level
of nations and world divisions easily understandable. Having de-
vastated its own forests in the past and having come to a realisation
of their value, the developed world can view the current trends
in the developing countries with concern. On the other hand the
developing world can legitimately point to the inconsistencies
and self-righteousness of voices from developed countries which
preach rather than practise sustainable forms of development.
Varying perceptions of the forest reflect the varying relation-
ship between humans and their environment and pose questions
about the basic nature of the relationship between forests, human |,
culture and civilisation. Mankind has had an uneasy relationship
with the forest throughout history. Its darkness and mysterious
or eerie sounds have endowed it with supernatural attributes,
and it features in the religious beliefs of many primitive peoples
around the world. More arid regions with grasslands or scanty
forests probably formed the cradles of civilisation and of agri-
culture: technology had to be developed before denser forest lands
could be used for farming. A leading American forester con-
cluded that three stages existed in the relationship between man
and forest. Initially, man was dominated by the forest, and it was
suggested that areas such as Central Africa and South America
were characterised by that stage of development. It was also
considered that contemporary man was overcoming the forest in
areas such as North America and Asia, while in Europe and part
of the United States civilisation was dominating the forests.
Perhaps terms such as ‘dominating’ and ‘overcoming’ are unhelp-
ful, suggesting as they do a necessarily aggressive rather than
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harmonious relationship. There is little doubt, however, as to the
fact that forests are more fully under the control of man in some
parts of the world than in others, and that the extent of manage-
ment is generally greater in what is now called the developed
world than in the developing world. As will be discussed in sub-
sequent chapters, trends in forest area, use and management are
strongly differentiated between developed and developing worlds,
although this is not to suggest or imply that uniformity exists
within either of these divisions.

Forests as Natural Resources

In addition to covering around one-third of the face of the earth,
forests represent a major category of natural resources. Con-
ventionally, natural resources are subdivided into those that are
renewable and those that are non-renewable. These sub-divisions
correspond to flow and stock or fund resources, respectively. Like
land and soil, forests are a particular type of natural resource,
which can behave either as a flow resource or as a stock resource.
Some forms of use can be carried on indefinitely, and under such
regimes forests function as flow or renewable resources. Other
types of use, however, inevitably lead to the depletion and even-
tually to exhaustion of the resource. In this case the forest is ‘mined’
just like coal or a mineral ore, and the capacity for self-renewal
disappears. The forest becomes a stock resource, which is used
up as it is used.

Forests therefore occupy an intermediate position in the
spectrum of natural resources. At one end lie flow resources such
as solar energy and water or wind power, which are in practical
terms independent of human action and which are permanently
renewable. At the other end are the stock resources such as coal,
oil and minerals, where use means depletion and which are, at
least on the human time-scale, not renewable. Forests are as
critical zone resources: if depletion proceeds beyond a critical zone,
full recovery to the original condition of the resource may not
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take place even if no further use occurs. The critical zone relates to
a level or intensity of harvesting beyond which the reproduction
of the resource is endangered. In crude terms, if the rate of
harvesting is greater than that of growth over a long period, then
the resource ceases to reproduce itself.

An alternative classification is that of a potentially renewable
resource. This alternative may be preferable for a number of
reasons. First, the history of forest use shows that it has been treated
(wittingly or otherwise) as a stock resource more often than not.
Its potential renewability has all too frequently not been realised.
Second, its survival and ‘flow’ capacity depend not just on the use
made of it, but also on external factors such as changing climate
or air pollution. The resource may shrink or deteriorate not only
because the level of use has passed a “critical zone” but also because
of factors unconnected with direct use of the resource.

‘Resource’ is a term that is used as loosely as it is widely. In
this volume, it is used to refer to a useful or valued part of the
natural environment. Human perceptions are obviously implicit
in such a definition. Many years ago a statement accords closely
with the changing perception (through both time and space) of
the usefulness and value of forests.

Such a depiction has its limitations, and in particular fails to
convey the negative perception of a forest as an ‘anti-resource’ or
‘resistance’ that has to be overcome or removed before the land it
occupies can be used for farming. Nevertheless, it conveys some-
thing of the dynamism of resource perceptions. It accurately
portrays, for example, the widening perception and definition of
timber resources in recent centuries. During this period, an ever-
increasing forest area has been called into service for timber
production, and at the same time, within individual forest types,
an increasing range of tree species has been perceived as useful
and valuable for this purpose.

Perhaps ‘wedge’ should be shown as hollow, because all too
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often its passage or penetration has left a trail of destruction or
degradation. Perhaps also the diagram should include a plurality
or multiplicity of ‘wedges’, each representing a sense in which
the forest is perceived as useful or valuable. It is a resource not
only for timber supply, but also for recreation and for several
other goods and services. Several ‘wedges’, with varying degrees of
penetration and representing different resourc s, should perhaps
thus be incorporated.

Use and Abuse of the Forest Resource

The use and abuse of the forest resource have occupied centre
stage in the unfolding drama of human use of the earth and of
human impact on the environment. Forest issues have been foci
of interest and concern amongst eminent conservationists and in
popular conservation movements. These issues vary in form,
ranging from long-standing fears of a shortage of timber, which
as yet have been more valid at the national than at the global
level, to concerns about the environmental effects of the use of
the forest. The prominent role of forest issues in contributing to
the growing environmental awareness of the late twentieth century
merely continues a long history, although the scale of awareness,
interest and concern is now global. In previous centuries it was
largely confined to the local, regional or national level.

Forest destruction

In the mid-nineteenth century, George Perkins Marsh published
Man and Nature. Marsh, who had been American ambassador in
Rome, had travelled widely in the Mediterranean world. Deeply
impressed by what he regarded as environmental degradation in
that area, he feared that the forests and other natural resources of
the United States would suffer the same fate if the contemporary
mode of development continued unchecked. Around one-third
of his book was concerned with forest issues. On the basis of
observation in his native Vermont, he developed a keen awareness
of the environmental impact of forest removal, especially in respect
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of soil erosion and hydrological change. While others had earlier
lamented the extent of forest removal because of fears of a
scarcity of timber, Marsh was one of the first to draw attention
effectively to its environmental consequences. He was also one of
the first to advocate that some areas of forest should be retained
or preserved in their pristine condition. As such, he is one of the
originators of the concept of the nature reserve or protected area.
Perhaps it is significant that this manifestation of conservation
originated with concern about the forest.

According to Marsh, “the vast forests of the United States
and Canada cannot long resist the improvident habits of the
backwoodsman and the increased demand for lumber”, and he
concluded that “we have now felled forest enough everywhere,
in many districts far too much.” Human treatment of the forest—
and the consequences of this treatment—epitomised to Marsh the
wider (and disharmonious) relationship between mankind and
the environment.

Initially, Marsh may have been a lone voice in a wilderness,
but within thirty years steps were being taken at federal level to
preserve at least some areas of forest. In little more than half a
century the rate of forest destruction in the United States had
greatly slowed, to a point where the forest area stabilised. In parts
of Europe, some writers were also expressing concern about the
fate of the forest resource, and about the consequences of forest
removal in terms of flooding and removal. This concern arose in
particular from conditions in the French Alps, where growing
population pressure had led to deforestation and increased erosion
and flooding — conditions remarkably similar to those in parts of
the developing world at the present day.

In addition to identifying the damaging effects of forest
removal, commentators of the nineteenth and early twentieth
centuries postulated various theories, models or generalisations
about the nature of its relationship to progress and development.
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For example Ernst Friedrich, a German geographer, suggested at
the turn of the century that Raubwirtschaft (robber economy) or
destructive exploitation was a stage in the development in culture
and civilization (Whitaker, 1940; Speth, 1977). He saw it as an
attribute of civilised cultures, especially in the recently colonised,
newer lands. While primitive peoples were associated only with
milder forms of exploitation (Sammelwirtschaft), Raubwirtschaft was
seen by Friedrich as an indicator of progress. Heedless exploitation
was a temporary phase: temporary want would heighten awareness
of the need for conservation, which in turn would lead to improve-
ment and foresight in the use of resources. In short, destructive
exploitation was an evolutionary stage in progress towards conser-
vation of natural resources and efficient resource management.

Such a belief leads, of course, to a relaxed attitude to des-
tructive use: it is seen merely as a passing phase in the development
of an area. The question of the necessity or inevitability of such a
phase is overlooked. Furthermore, the possibility or indeed the
reality of irreversible environmental change, such as the complete
elimination of a forest, the extinction of plant or animal species or
the complete stripping of soil, is not easily accommodated in this
concept. It is not surprising, therefore, that many subsequent
commentators, were vigorously opposed to destructive exploitation
as practised in the United States. In particular they doubted whether
the passing of the frontier would be accompanied by the passing
of ‘frontier’ attitudes towards the environment in general or the
forest in particular. The “’frontier’ attitude has the recklessness of
an optimism that has become habitual, but which is residual
from the brave days when north-European freebooters overran the
world and put it under tribute”.

The view that destructive exploitation was a direct conse-
quence of the rapid colonisation of the United States has been very
persistent. The question of its validity is obviously of primary
importance, both in relation to the United States historically and



10 : Introduction

more generally to other, more recently developing areas. The
question is a complex one. Some commentators have seen a
difference between the hostility of early settlers to the forest and
a pervasive enmity that seemed to continue after the forest had
been ‘conquered’. For example the American conservationist
Nathaniel Shaler, writing in the 1880s and 1890s, found the
former understandable and indeed almost inevitable, but the later
objectionable. Perhaps what he identified was the almost ubiquitous
ingredient of human-environmental (and indeed also social)
relations, namely disharmony and alienation. Whether the eventual
‘turn-round’ of forest area in the United States would have
lightened Shaler’s gloom is debatable. In subsequent chapters the
reality of this ‘turn-round’ in the extent of forest area around the
developed world will be considered further. Statistical evidence
can be produced to support the idea that a Raubwirtschaft phase has
eventually been succeeded by one in which forest conservation
plays a larger part, and in which forest destruction is succeeded by
forest recreation, at least in terms of area. To conclude that phases
or episodes have existed, of course, does not necessarily correlate
with a positive or developmental view of destructive exploitation,
of the type propounded by Friedrich.

Regardless of how valid concepts of phases or cycles of forest
resource use (and their relationship with stages of cultural
development) may be, there is ample evidence that the bitter
lessons learned in some parts of the world are not heeded in others.
More than half a century ago, Dietrich (1928) wrote: “Nearly every
(European) country . . . has learned by bitter experience that
complete denudation without reforestation is detrimental to the
best interest of the state, and the sound economic development of
its industries.” He went on to observe that “America profited
only in slight measure by the experience of Europe.” We could
now add that the same is true of many other countries. The same

tive exploitation continues in country after country, and
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some countries with unhappy histories of forest resource use in
their own lands have been instrumental in the destructive exploi-
tation of overseas forests.

Control of the forest resource

Destructive exploitation is only one of a number of issues that
have been associated with the forest resource over many centuries.
Another is the struggle for control of the resource. In Europe there
is a long history of conflict between the peasant and the proprietor
about rights over forest products and services. In many instances
this tussle focused on the conflict between the preservation of
hunting and sporting rights on the one hand, and forest en-
croachment and the taking of forest produce on the other. In one
part of medieval Scotland, for example, the penalty prescribed
for the unfortunate peasant found encroaching on the reserved
forest was to be pinned by the ear to a tree, b}{ ‘ane ten penny nail.’
Similar if less drastic attempts to reserve forest rights, in the face
of growing population pressure, were common across much of
Europe, and have their modern counterparts in the struggles
between indigenous forest groups and capitalistic exploiters of
the tropical forest. Another parallel is found in the conflict between
the forest guards and park keepers of protected forests and would
be colonists or exploiters.

The question of control of the resource is related to, rather
than distinct from, that of destructive exploitation. In much of
Europe in the medieval and early modern periods, there was a
long and bitter struggle between landowners and peasants for the
control of the forest resource. This struggle was simply the pre-
cursor of more recent tussles in areas such as parts of Amazonia.
Realising the commercial value, and especially the timber value,
of the forest has usually meant extinguishing pre-existing rights.
The struggle for the control and use of the forest resource in
Germany was an influence on the thinking of Karl Marx. He
attacked control of the forest by large owners, and argued that
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the state should defend customary law against what he regarded
as the rapacity of the rich landowner. In practice, the state has more
often played a positive role in the transition from communal to
individual control, and has often enabled or facilitated the exploi-
ting of timber values at the expense of other forest resource values.
Marx viewed deforestation as essentially a correlate of
capitalism:
The long period production time (which comprises a relatively small
period of working time) and the great length of the periods of
turnover entailed make forestry an industry of little attraction to
private and therefore capitalist enterprise . . . The development of
culture and of industry in general has ever evinced itself in . . .
energetic destruction of forests. (Parsons. 1977)

Other nineteenth-century writers such as George Perkins Marsh
also associated the political and economic character of industrial
capitalism with the destruction of natural resources such as
forests (e.g. Robbins, 1985). Even if such views were simplistic (to
say the least), there is little doubt that the nature of the control of
the resource is directly related to its condition and trends. The
synthesis of cyclical models of resource control and of concepts of
phases of destruction and recreation of the forest resource is an
elusive goal. It is, however, clear that questions of control and
condition of the resource cannot be divorced from each other,
any more than those of the interrelationships between the use,
control and condition of the resource. Successive phases of control
certainly appear to exist, and seem to be correlated with successive
phases of perception of the resource and of its use. Perhaps the
major problems of forest resource use occur at times of transition
from one phase to another: much of the tropical forest is in the
throes of such a transition at present.

Aim and Structure

The purpose of this volume is not to lament the sorry history of
the world forest resource, but to review the use of the resource
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within a framework of organising concepts that is sufficiently robust
to offer a context and possible means of making sense of the myriad
of factual details, without being so rigid as to stifle or distort. It is
concerned with the extent, control, status and use of the world forest
resource. It begins with a brief review of the nature of the resource
base, in which particular attention is paid to those ecological
characterristics that are of central significance for the use of the
forest. It then proceeds to present some historical perspectives on
the use of the forest resource, and to outline the dimensions of
world forests, in Chapters 3 and 4 respectively. Chapter 5 addresses
the subject of the ownership, control and management of the forest
resource, while its use is discussed in Chapter 6. The relationships
between the forest resource and the wider environment are
summarised in Chapter 7. The tropical forest, a major component
of the world forest resource and one which is undergoing rapid
change at present, is singled out for closer attention in Chapter 8.
Chapter 9 considers ‘people and policies’, and leads to the concluding
chapter, which is a brief review.

The aim of the volume is severalfold. First, it is to present a
concise review of the state of the world forest resource in the late
twentieth century. It does not seek to give a comprehensive country-
by-country review of forest resources and is in no sense intended
to emulate the monumental accounts of Zon and Sparhawk (1923)
or Haden-Guest et al. (1956). Instead it is the intention to outline
major trends and issues in the use of the forest resource, on a
systematic basis.

Second, the aim is to present this review within the frame-
work of the perception of the forest as a natural resource, and of
a number of concepts of forest-resource use. Amongst the latter
are included models of trends in forest area, and sequential models
of ownership and control. It is further suggested that three major
generalisations or models, namely that of the ‘pre-industrial’,
‘industrial’ and ‘post-industrial’ forests, are helpful in providing
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an organising framework within which the use of the forest
resource can be considered. Such a framework, it is hoped, will
provide a means by which the use of a particular area of forest at a
particular time can be viewed within a wider background or context.

Third, it is hoped that the volume can serve, in a limited way,
as a source book and starting-point not only for further develop-
ment of concepts and models of forest resource use but also for
empirical work on other related issues. One of the major difficulties
confronting work on forest resources is the diverse and widely
scattered literature. A subsidiary aim is to provide a listing of at
least a few references. Textual references are therefore included;
on the basis that detriment to readability is at least partly counter
balanced by benefit to the student (in the widest sense) of the
subject.

A comprehensive review of the world forest resource is
impossible. The resource is bewildering in its extent and its
complexity. The histories and patterns of resource use are equally
bewildering ir their diversity. And above all there is a confusing
combination of a plethora of statistical information and a paucity
of data—especially of uniform quality, coverage and form. Infor-
mation is scattered and diverse, and attempts at compilation and
synthesis are all too rare. To state the predictable and obvious, it is
difficult to see the wood for the trees, and indeed not even all the
trees are in focus. The aim is to attempt to provide at least some
general context for considering individual and specific forest
issues of the day.



2
The Forest Resource Base

]

The world’s forest resource base is mind-boggling in its extent,
complexity and diversity. Much of the earth surface is or has been
capable of supporting woods or forests, and despite centuries or
even millenia of clearance perhaps as much as one-third retains a
tree cover. Perhaps as much as 80 per cent of the pre-agricultural
forest area survives, although the pattern of clearance has been
very variable. Forests and woodlands still occupy around 4,000
million hectares, and in some areas such as parts of Canada and
Siberia they still give the impression of being almost limitless. On
the other hand, the impression created when the forest area is
related to the human population is rather different. The average
forest area per person has now shrunk to around three-quarters
of a hectare, or an area similar to that of a soccer pitch. The average
forest area per person is of course an abstraction: the distribution
of dense population and densely forested areas are almost mutually
exclusive at all scales from the global to the local. And the distri-
butions of forest areas and forest types are remarkably uneven.
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This is one of the key characteristics of the forest resource base,
and it is a factor of fundamental significance for the use of the re-
source. Another fundamental factor is the ecological character and
type of the forest. Forest ecosystems vary greatly in their structure
and dynamics. The usefulness of a forest, in terms of the products
and services it provides, depends in part on ecological characteristics.
In addition, these characteristics may determine the way in which
the forest responds to use and is modified by it. In short, forest
ecosystems provide the base on which resource use, and its cones-
quences, take place.

The purpose of this chapter is to present a brief review of the
forest resource base and its distribution pattern, in order to provide
context and background for the ensuing discussion of resource
use. The focus is on the forest resource base, rather than on forests
per se. For more detailed reviews of forest vegetation and its various
types, the reader is referred to texts such as those of Eyre (1963),
Richards (1952) and Walter (1985), and the volumes in the series
Ecosystems of the World. The nature and characteristics of the forest
resource base are outlined in this chapter, whilst its extent and
trends therein are reviewed in another chapter.

Distribution

At the global scale, the ultimate limiting factor in forest growth
and distribution is climate, while climate and geographical location
(in relation to the origin and dispersal of tree species) are the
main natural determinants of the distribution of forest types.
Two climatic elements are of fundamental importance: temperature
and rainfall. Temperature, in conjunction with wind exposure,
determines the northern latitudinal limits of the forest as well as
its altitudinal limits. Rainfall is the main control on the mid-
latitude distribution of lowland forests, and its relative absence
accounts for the desert and steppe zones which separate tropical
and temperate forests.

Much effort has been devoted to identifying the climatic
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values which coincide with and therefore appear to determine
natural forest distributions. The search for perfect fits between
forest margins and specific lines of temperature or rainfail values
is somewhat futile: local variations in soil type, drainage and slope
will always be complicating factors. Nevertheless, the isotherm of
100 C for the warmest month has long been regarded as coinciding
approximately with the poleward limit of forest growth. The fitis
far from perfect, with the forest margin lying polewards of the
isotherm in maritime regions and equator wards in more conti-
nental areas, and attempted refinements have sought to make use
of data on other variables such as length of growing season.

If temperature is the determining influence on the poleward
extent of forest, rainfall is the limiting factor in mid-latitudes. The
effectiveness of rainfall for plant or tree growth depends on its
seasonal distribution and on the amount of evaporation, which in
turn is related to temperature. Again, perfect coincidence between
lines of equal rainfall (isohyets) and forest limits cannot be expected,
but in practice little woodland is found in areas of less than 400 to
500 millimetres annual rainfall.

Forest Types and Distribution

The broad distribution of the natural forest within its basic climatic
controls of temperature and rainfall, and indicates something of
the diversity of forest types. It is important to emphasise that this
is merely a highly generalised version of the pattern that would
exist under purely natural conditions, in the absence of human
interference. It also omits local variations arising from different
soil types and mountain ranges, for example. The pattern portrayed,
therefore, is not that of existing forests: indeed that pattern is very
different, as will be discussed later. Much of the mid-latitude forest
has long since been cleared, and the boreal (northern) coniferous
forest and tropical moist forest together account for most of the
remaining area of the global forest. Tropical forests, including
evergreen and deciduous moist forest and dry, open woodlands,



18 : The Forest Resource Base

make up about half of the world area of forest and woodland, and
the high-latitude (mainly) coniferous forest around one-third.
Subtropical and mid-latitude forests are now therefore relatively
insignificant in areal extent at the global scale.

The tropical forest

The tropical forest varies in its character and composition along
latitudinal and altitudinal gradients. The key variable on which it
depends latitudinally is rainfall, which tends to decrease with in-
creasing distance from the equator. There is therefore a vegetational
gradation from moist evergreen (rain) forest in the equatorial
zone to drier and more open woodland merging into savannah
grasslands as latitude increases.

Tropical rain forest

The tropical rain forest is found in three main areas of low latitudes,
in South America, Africa and south-east Asia. There are important
differences between these widely separated areas, especially in
terms of floristics, but perhaps the main characteristic of the
tropical rain forest as a whole is the diversity of tree species. The
Brazilian Amazon region contains around 6,000 tree species, many
of them endemic to specific areas. As many as fifty or a hundred
species per hectare may occur in the tree layer of the tropical rain
forest, and many of them belong to different plant families. Forests
in the Amazon basin have on average 87 species per hectare. As
many as 300 tree species have been recorded in each of two one-
hectare plots in Iquitos, Peru, while ten similar plots in Kalimantan,
Indonesia, were found to contain 700 tree species: the number of
tree species native to the whole of North America is about the same.
Species diversity is not equally high throughout the tropical rain
forest area: for example the forests of parts of south-east Asia
contain species of only a few families. Furthermore, African forests
are species-poor compared with those of Amazonia and parts of
south-east Asia, partly because of long continued human influence.
Nevertheless, the generalisation of high diversity is valid, and is
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extremely important from the viewpoint of the utilisation and
management of the forest.

The tallest trees reach to over 50 metres, and sometimes a
stratified structure is recognisable. The highest level or storey
consists of a relatively small number of giants forming an open,
discontinuous canopy well above the denser middle and lower
levels. The tallest trees are characterised by enormous buttress roots
radiating outwards from the base of the trunk. When one of these
upper-storey trees eventually falls, a gap is opened in the canopy
and ultimately may be filled by a replacement of a different species,
the original tree probably having no saplings of its own species
immediately below it because of the lack of light under the dense
canopies. Perhaps several tree generations may pass before the
original species returns to the site. Since the light intensities below
the main tree storeys are usually poor, forest-floor vegetation is
very limited, although most of the trees themselves are festooned
with climbing plants such as lianas.

Climatic conditions are warm and moist throughout the year,
and there is no climatically-limited growing season. Individual
trees shed their leaves at different times, and the forest as a whole
is evergreen. Fallen leaves and other plant debris accumulate on
the relatively bare forest floor, where a litter layer forms. De-
composition of the plant litter proceeds very rapidly under the
continuously hot and damp conditions, and the plant nutrients
are rapidly released for subsequent uptake. Despite the apparent
luxuriance of the vegetation, the soils in many equatorial areas
are usually very old, weathered and leached. They are often very
poor in nutrients and acid in reaction. Most of the plant nutrients
are contained in plant material, rather than in the soil, and these
nutrients are rapidly cycled from plant to forest floor. If the tree
layers are removed, for example by burning, the plant-nutrient
cycle is disrupted, and the nutrient reserves are suddenly and
abruptly leached. A major loss of nutrients from the local ecosystem
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results, and the impoverished soils may be capable of supporting
only grasses or other non-tree species. The pattern of nutrient
cycling in the tropical rain forest is therefore of crucial significance
and has profound implications both for the utilisation and manage-
ment of the forest itself, and also for the conversion of the forest
into agricultural land.

As in other latitudinal zones, the nature of the forest changes
in mountainous areas, where characteristics of both temperature
and rainfall differ from those in the lowlands. Rainfall is higher at
normal cloud level, which often lies between 1,000 and 2,500 metres,
and the cloud forests which occur in this zone are characterised
by ferns and mosses which drape the branches of the trees.
Above the cloud level, rainfall decreases rapidly, and tree species
suited to the drier environment (for example Podocarpus conifers)
may be found. With increasing exposure to wind, the trees become
shorter and more gnarled and stunted, and eventually the forest
gives way to a shrub zone. Well before that stage is reached, how-
ever, and at altitudes of only a few hundred metres, clear contrasts
between the lowland and mountain forest can become apparent.
The number of tree storeys may drop from three to two and their
average height rapidly decreases. Average trunk diameter also
decreases, as does the timber volume per unit area. At the same
time, the number of tree species per unit area decreases.

In short, the mountain forests are less rich both in timber and
in diversity of species than their lowland counterparts. The more
inaccessible mountain forests are amongst those least likely to be
cleared or converted: it is unfortunate that they are also the least
diverse in terms of species.

Tropical seasonal forests

Outwards from the equator, the seasonality of rainfall becomes
more pronounced than in the uniformly wet equatorial zone, and
the character of the forest changes as dry seasons become longer
and clearer. Semi evergreen forests are widespread in the northern
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part of South America and in the form of monsoon forests in parts
of the area stretching from north-east India to northern Australia
(Indo-Malaysia). They are less well developed in Africa. Compared
with the tropical rain forest, their structure is generally simpler
and lower. There are usually only two tree storeys, with the upper
one reaching to between 20 and 30 metres. Most of the tree species
in the lower layer are evergreen, but a proportion of those making
up the upper storey are deciduous. This forest type is represented
by the so-called moist teak forests of Burma and neighbouring
areas: teak, however, is only one of a number of tree species found
in these areas of seasonal rainfall, and rarely occupies more than
10 per cent of a stand.

Where the pattern of rainfall becomes more seasonal, the
nutrient cycle differs from that of the tropical rain forest. The leaves
fall at the beginning of the dry season forms a deep layer of litter,
which does not begin to decay rapidly until the following wet season.
Similarly, with higher light intensities during the ‘winter’, more
profuse and diverse undergrowth and forest floor vegetation
may develop.

With longer dry seasons and lower rainfall, the semi-evergreen
forest gives way to one more correctly designated ‘tropical
deciduous’. In Central and South America and in Indo-Malaysia,
this forest typically has a two-storey structure, with an upper storey
at around 20 metres composed mainly of deciduous species, below
which may lie a lower, mainly evergreen layer. In Indo-Malaysia,
this type is represented by the so-called dry teak forest, where the
associated species differ from those of the moist variant.

Tropical deciduous forest is less well represented in Africa. It
is typically discontinuous rather than continuous, and usually
takes the form of stands of tall deciduous trees separated by open
grassland or parkland. The relative proportion of the former is
greatest in the belt of miombo forest which stretches across Africa
from Angola to Tanzania. Here, and in a number of similar but
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smaller areas to the north of the equator, the dominant trees are
usually flat-topped and under 20 metres in height. Tall grasses,
and shrubs in some areas, dominate the undergrowth. Miombo
forest grades into more open parkland or savannah where the trees
may have similar form but become more scattered and the wood-
land is more open. Acacia spp. are usually the most common species
in this zone. With decreasing rainfall the tree savannah becomes
increasingly open and merges into thorn scrub and grassland. In
terms of industrial timber production, the native woodlands of
the more open savannahs and dry forests are unimportant, but in
relation to the supply of fuelwood their significance is much greater.
Climate, especially in the form of low rainfall, and soil
conditions may both be limiting factors to forest growth over
large areas of the savannah zone, but fire is a major ecological
factor. During the dry season of several months, the plant litter is
highly combustible, and frequent fires over a long period of time
are probably responsible for the present character of much of the
dry forest zone. The chances of survival of tree seedlings or saplings
are low, and most of the trees making up the open woodland are
of fire-resistant species such as the baobab (Adansonia digitata).
Where fire has been excluded in experimental areas, increases in
woody growth have taken place, and commercial plantations
have been established in many parts of the savannah zone.
Boreal coniferous forest
Outside the tropics, the boreal coniferous forest is by far the most
extensive surviving forest type. It occupies two great zones, one
stretching across North America from Alaska to Newfoundland
and the other from the Atlantic coast of Scandinavia to the Pacific
coast of Siberia. In these zones, the climate is characterised by short
growing seasons and long, cold winters. The forests are dominated
by conifers, most of which are evergreen. Their dominance is
ensured by an ability to survive the harsh winter conditions by
minimising water-loss through their needle-like leaves and to
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begin photosynthesis and growth rapidly during the short growing
season.

Although there are similarities of form and structure between
the North American and Eurasian parts of the boreal coniferous
forest, there are important differences in species composition both
between and within these areas. The European section is much
poorer in species than its counterparts in North America and
eastern Asia. Scots pine and Norway spruce dominate in the Euro-
pean section, on the drier and wetter soils respectively. Siberian
species gradually increase eastwards. Spruce gradually decreases
towards the most continental areas of eastern Siberia, and its place
is taken by larch, a deciduous conifer. The shallow-rooted Dahurian
larch is the dominant species over huge areas of permafrost. Larch
forests occupy some 2.5 million square kilometres in Siberia. Further
east again, towards the Pacific ceast, firs and spruce again become
dominant although larch remains common in northern Japan and
Manchuria.

In terms of species diversity, the North American section
more closely resembles the east Asian part of the boreal forest
than the European area. As in Eurasia, however, there is a west-
east gradation. In eastern Canada the white and black spruces are
commonly found on areas of better and poorer drainage respec-
tively and give way to species such as jack pine on poorer soils.
The species pattern in the west is complicated by mountain chains,
but the eastern dominants give way to lodgepole pine and western
species of spruce and fir.

A distinctive feature of the boreal forest is the frequent
occurrence of almost pure, single-species stands. This facilitates
exploitation on a large scale, but when extensive areas of pure
stands are removed by felling or fire they may not regenerate
directly. Deciduous species such as birch and aspen may be the
first trees to invade, and may in turn themselves form even-aged
stands. Conifers such as jack pine may eventually displace the
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birch or aspen, and in turn may themselves be followed by the
probable climatic-climax dominants such as white spruce and
balsam fir.

Both the structural and functional characteristics of the boreal
forest ecosystem mean that utilisation and management face
problems quite different from those of the tropical rainforest, for
example. In contrast to the rainforest, the plant litter on the forest
floor decomposes only slowly in the cool conditions. The mean
residence time for organic matter on the forest floor is narrated as
350 years, compared with four years and 0.7 years respectively
for temperate deciduous and tropical forests. In the boreal forests
most of the nutrients are found in the litter and in the tropical
rain forest in the vegetation. Indeed the forest-floor litter contains
as much as 84 per cent of the above-ground nitrogen and 71 per
cent of the potassium, whereas for the tropical rain-forest the
corresponding figures are only 6 per centand 1 per cent respectively.
Nutrient reserves in the leached podzolic soils of the boreal forest
are poor, but the tree roots generally possess mycorrhizal fungi
which may help to make the nutrients contained in the raw litter
more easily available. In addition, the boreal forest appears to be
able to make more efficient use of available nitrogen (as indicated
by the amount of biomass produced per unit of nitrogen uptake)
than most other forest types.

Other forests

Although the greater part of the remaining forest area is contained
within the boreal and tropical forest belts, forests in intermediate
latitudes have been of primary importance as the hearths of modern
silviculture and forest management.

Temperate deciduous forest

To the south of the boreal forest zone lies temperate mixed and
deciduous forest. The boundary between the coniferous and deci-
duous forest is rarely as sharp as suggested. Wide belts of transition
occur in both Eurasia and North America, with the detailed
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pattern of distribution of conifers depending on local conditions
of relief, soil and drainage. The deciduous forests of Europe
stretched from the Atlantic to the Urals and were dominated by the
pedunculate oak over vast areas. Depending on soils, climate and
drainage, the oak was usually associated with a number of
species including elm, ash and beech. Beech, for example, was
prominent or dominant on some calcareous areas and on areas of
well-drained and rich soils as far north as the south of Sweden. It
also occurred widely at intermediate altitudes in the Alps and the
Mediterranean peninsulas, where it frequently occupied a zone
below the coniferous mountain forest. In the southern part of the
temperate belt of Europe, oak often remained dominant (for exam-
ple in areas such as northern Spain and Italy), but was represented
by species different from those of north-west Europe.

In North America prior to the arrival of European settlers,
the deciduous forest occupied a block of country between the
Atlantic and the Mississippi. Much of this forest has now been
removed or modified, as in Europe, but it seems that many structural
similarities existed between the two continents. The upper storey
of trees usually formed a canopy sufficiently open to allow sun-
light to penetrate and support a rich shrub layer. On the other
hand the American formation is characterised by a wider range of
species. In New England and much of the Appalachians beech
and maple are usually dominant, and are found in association
with a range of other broadleaf species as well as conifers such as
hemlock in some areas. Further south, the beech-maple forest gives
way to one of oak and chestnut, while in the drier areas to the
west oak-hickory forest predominated. Similar deciduous forest,
usually dominated by oak species, occupied large areas in northern
China, Korea and the south-eastern part of the Soviet Union. The
oaks of Shantung at one time provided food for the silkworms
which produced local ‘wild silk’.

In contrast to the extensive blocks of deciduous forests in the
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eastern parts of North America and Asia, narrow belts are found
to the south of the boreal forest in the interiors of both continents.
In Canada this belt is only 75-150 kilometres wide and is dominated
by balsam, poplar and aspen. Aspen is also often dominant in the
Siberian belt, where it is usually associated with birch. In both
continents these deciduous belts have proved to be more attractive
for settlement than either the boreal forest to the north or the grass-
Jands to the south. The Trans-Siberian railway, for example, closely
follows the narrow belt of deciduous forest. In both continental
and maritime deciduous forests, soils are usually better than those
in the boreal forest zone, and the more rapid decomposition of
the plant litter in the warmer climate allows faster recycling of
nutrients. Throughout the zone, therefore, the deciduous forest
has been extensively cleared for agriculture, and most areas of
forest that have not been cleared have been heavily modified.
Temperate coniferous forest

Extensive areas of coniferous forest are also found outside the
boreal forest, notably in North America. The so-called ‘lake forest’
occupied a huge area stretching from Minnesota to New England,
but like the deciduous forest has been severely modified by
clearance and logging. White and red pine and eastern hemlock
were the predominant species. To the south and east, forests domi-
nated by loblolly and other species of pine occupied much of the
coastal plain from New Jersey to northern Florida and westwards
to Texas. This forest is characterised by pure stands of mainly pine
species on low-lying sandy or marshy soil along the coastlands.
The uncompromising nature of the typical soils meant that there
was little incentive to clear the land for agricultural purposes,
and this forest has survived better than much of the deciduous
and lake forests to the north. The western forests of North America
form a third type of non-boreal coniferous forest. The ‘coast forest’
is dominated by Sitka spruce from the coastal lowlands of Alaska
south to British Columbia, and from there southwards is gradually
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replaced by western hemlock and western cedar, which attain
heights of 60-80 metres. From Oregon south-wards these species
in turn are challenged by the even larger coastal redwood. Douglas
fir occurs extensively both in the coast forest of British Columbia
and Washington, and in the drier mountain forests inland from
the coast. In the former areas, its presence may be related to
successions following extensive fires rather than directly to the
nature of the climate.

Mediterranean forest

Each of these types of coniferous forests in North America, as well
as the other forest types previously outlined, have posed their own
problems for forest management and have provided the settings
for successive phases of forest utilisation and development of the
lumber industry. At a much earlier stage of human history, the
forests around the Mediterranean did likewise. Most of these
Mediterranean forests were typically mixed and evergreen. Ever-
green oak species such as the holm oak were common and wide-
spread, while pines such as the stone, maritime and Aleppo pines
also occurred widely around the Mediterranean basin. As long
ago as classical times it was known that a continual supply of
small timbers could be obtained from stump growths (coppicing) of
oak, but this knowledge did not safeguard the forest resource
base. Extensive deforestation and forest destruction or modification
are long established, and with them came the hydrological changes
and soil erosion that are still associated with modern forest

removal in other parts of the world. Much of the original forest |

has now been totally destroyed or reduced to scrub by centuries
of grazing and burning, especially in the drier areas. Today’s forests
in Mediterranean Europe and Turkey occupy only 5 per cent of
their original area. On the other hand in the cooler and moister
mountains, the mixed forest of the lowlands typically gave way to
coniferous forests, including the well-known cedar forests of parts
of North Africa and Lebanon.
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Areas of Mediterranean-type climate outside the European
area—for example in parts of California. South Africa and
Australia— have been less severely modified by humans and are
characterised in genera and species different from those of the
Old World Mediterranean area. In these areas of dry woodland
and scrub, summer drought is a major limiting factor, and the
tree and plant species making up the natural vegetation of open
‘sclerophylous” woodland or scrub are characterised by small
leaves with thick cuticles, adapted to minimise transpiration.
Other temperate evergreen and mixed forest
Mixed evergreen forests are also found in the Southern Hemi-
sphere, in South America, South Africa, and Tasmania and New
Zealand. The tree species comprising these forests are usually
quite different from those in the Northern Hemisphere. In Chile,
for example, the dominant species is Araucaria pine, which is
often associated with beech (Nothofagus spp). Forests of similar
structure are found in New Zealand, but with different species:
for example the kauri pine (Agathis australis) is associated with the
northern part of the country, while various pines of Podocarpus
spp. are found along with broad-leaved evergreens elsewhere in
the islands.

Evergreen forests dominated mainly by broad-leaved species
occur in restricted areas in both hemispheres. In the Northern
Hemisphere the main occurrence was in central China and southern
Japan, where a range of evergreen oaks was predominant, often
occurring in association with laurel, magnolias and some conifers.
Forests of this type also covered much of south-east and south-
west Australia prior to European settlement. These forest were
dominated by drought-resistant species of Eucalyptus. Trees of
this species are typically very tall, but cast only a light shade.
They are therefore associated with a well-developed undergrowth
of grass and scrub. Because of these characteristics of drought-
resistance and light shade. Eucalyptus species have been widely
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used in agro-forestry projects and in other forms of planting in
many parts of the world far removed from their native Australia.
Evergreen broad-leaved forests also occupy parts of New Zealand
with much wetter climates than those found in most of Australia:
for example many of the slopes of the Southern Alps are clothed in
a rain forest composed mainly of southern beech (Nothofagus spp.).

The forest resource base is therefore highly varied in its
structure, composition and ecological characteristics. Although
climate is a determining factor in forest type and distribution, it is
not the only one. Variations in soil type, for example, may complicate
the simple relationship between type of forest and type of climate,
as for example in the case of the pine forests of the eastern coast-
lands of the United States. Furthermore, the history of changing
climate over the last few thousand years is a major complicating
factor. Forest type and distribution may not yet have adjusted to
an equilibrium state in some areas. Locational or plant-geographical
factors are obvious: although life forms may be similar in forests
of both hemispheres the tree species are often quite different.
Human interference has been a major factor, selectively removing
some species or causing indirect modification by practices such
as grazing. The pre-human character of some forest types remains
uncertain or unknown, simply because few completely untouched
areas have survived. Forests in mountains and in areas of poor
soils are more likely to have escaped clearance for agricultural
purposes than forests in lowlands and more fertile areas.

With a selective pattern of forest survival, the basis for our
understanding of forest ecology may be somewhat biased, especially
in relation to the former forests of the now densely populated and
severely modified parts of the world. Furthermore, the concepts
and systems of management that evolved in response to the ecology
of one type of forest may be less appropriate in other settings. For
example the tenets of silviculture that evolved in the temperate
deciduous forest of west-central Europe were not necessarily



30 : The Forest Resource Base

appropriate for the coniferous forests of North America. At the
same time humans have themselves become a major factor in the
distribution of tree species as well as of forests. Tree species for
use in forest plantations have been transported from continent to
continent and even from hemisphere to hemisphere. The most
usual direction of movement in temperate latitudes has been from
the west coast of North America to Europe and Asia: movement
from Europe to North America has been less successful. The exten-
sive use of Monterey pine (Pinus radiata), a native of California, in
plantations in Chile, Australia and New Zealand is a major example,
as is the use of Sitka spruce (Picea sitchensis) from the Pacific coast
of North America in the man-made forests of Britain and Ireland.
The expansion of eucalyptus outwards from Australia to many low-
latitude lands is another major example. But while species can be
taken from area to area and while a certain amount can be done
to modify drainage and soil factors locally, the ultimate control of
climate remains as an unyielding limiting factor. It is this factor
above all others that determines forest growth and productivity.
Forest Ecosystems: Growth and Volume
The forest resource-base is perhaps even more variable in its
timber volume and growth rates than it is in its structure and
composition. Tremendous contrasts in volume per hectare and
rates of growth exist between different types of forests. Rainfall
and length of growing season are major determinants of these
variables. The volume of standing timber varies from around 350
cubic metres per hectare in the tropical rainforest to 50 cubic
metres in savannah woodland and perhaps 150 cubic metres in
the temperate forest. It is estimated that around 20 to 25 per cent
of the photosynthetic matter produced on earth is in the form of
wood, as is about half of the total biomass produced by the forest.
There is a voluminous literature on the amounts of living
matter found in the various ecological zpnes, and on its rate of
growth. Net primary productivity (NPP) is the rate of increment
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of plant material, and is usually expressed in terms of dry matter
per square metre per year. One measure of the extent of human
use of ecological resources is the proportion of terrestrial NPP used
or directed by humans. This amounts to around 40 per cent. Whilst
the use of the forest resource accounts for over one quarter of the
‘human’ proportion, much of this fraction arises from forest clearing
for cultivation and other forms of forest destruction without bene-
ficial use (for example during forest harvesting). The part represen-
ted by wood actually used as lumber or for paper or firewood is
equivalent to little more than one-twentieth of the NPP used or
directed by humans, and to around 2 per cent of all terrestrial NPP.

There are some illustrative figures for productivity, production
and biomass in the main forest types. A wide range of NPP values
is indicated for most of the divisions, and different sources quote
different estimates for mean values. For example, Lieth quotes a
figure of 2.8 kilograms per square metre per year for the tropical
rain forest, while Eyre estimates the mean value at 2,500 grams
per square metre per year.

As it is clearly indicated, the tropical rainforest is the most
productive forest type, and has the highest biomass. Net primary
productivity is up to four times greater than that in the boreal
forest, and twice that in the warm temperate mixed forest. As
Jordan observes, there is almost unanimous agreement amongst
professional ecologists that productivity in tropical forests is
higher than in any other forest type. Productivity tends to decline
along gradients, towards zones with seasonal humid and semi-
arid climates, and also with altitude, on poorer soils and in areas
of very high rainfall. In this later respect the gradient of a primary
productivity resembles those of forest structure and complexity,
and of species richness.

The tropical rain forest is also dominant in terms of total
production and biomass per unit area. It will be apparent from
the earlier part of the chapter that the composition of the biomass
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varies greatly between different forest types, in terms of both the
relative role of wood and the composition of tree species. A dis-
tinction needs to be drawn between total net primary productivity
and wood production. Little more than half of the biomass may
consist of the stems of trees in the temperate forest: for example
these account for 52 per cent of the plant biomass in Russian oak
forests. Stems, of course, comprise a greater proportion of tree
biomass. For example Parde quotes a range of 65-70 per cent for
mature spruce forest in Canada. Although the tropical rain forest
is characterised by high rates of NPP, these do not necessarily
extend to wood production. In the words of Wadsworth, “The
relevance of the level of primary productivity to that of usable
wood . . . is apparently no greater than that of primary forest
luxuriance to soil fertility in the tropics.” In the same way that
explorers and colonisers have often mistakenly assumed that
luxuriance of tropical vegetation meant fertile soils, so also have
politicians, planners and entrepreneurs often assumed that high
NPPs meant rapid growth of useful timber. Furthermore, timber
growth is spread across numerous tree species, whereas in the
boreal forest, most of the tree biomass is composed of only one or
two species. Commercial harvesting (for timber) of the former is
more difficult and more costly for the former, especially since
only a few of the species may be useful or valuable, than it is for
the later. In short, while total NPP is much higher in tropical
forests than in those in the temperate zone, those for wood only
may be much more comparable. Considerable variations exist for
the later in both zones, and especially in the temperate zone.
These variations are related especially to climate, and in particular
to radiation balance and rainfall.

Estimates of timber volume per hectare in different forest
types have been assembled by Persson and have been used, in
conjunction with his estimates of forest areas, to obtain estimates
of the total volume of standing timber. These estimates are related
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to closed forest only. The dominant role of tropical and boreal
zones is clearly indicated: together they account for over three-
quarters of the forest area and nearly 80 per cent of the volume of
standing timber.

In natural forests and other stable, climatic-climax communities,
both NPP and biomass are constant: new growth is matched by
death and decay. When management is introduced, however,
changes may occur. Tree growth rates vary with age, and after
reaching a peak begin to slow down. If management aims at
maximising timber yield, therefore, it may adjust the length of
rotation to the pattern of growth. In this way the productive
characteristics of the managed forest may differ from those of the
natural forest. In the mainly managed forests of temperate regions
such as Europe, North America and Japan, annual growth rates
or net annual increments are usually equivalent to between 1 and
6 per cent of growing stock, and are usually of the order of a few
cubic metres per hectare per annum, with gradients of variation
paralleling those of temperature and rainfall. In the Soviet Union,
Canada and the United States for example, annual increments
per hectare are respectively 1.2, 1.5 and 3.1 cubic metres. It has
been suggested a global average increment of around 1.1 cubic
metres per hectare, equivalent to over 3,000 million cubic metres
per year or around 1 per cent of the growing stock.

Potential productivity

In order to estimate the potential productivity of the world’s forests.
Paterson attempted to relate ideal site class, or productive capacity
of forested lands under conditions where rotation length and
management are geared to maximising yield, to climate. He derived
a CVP (climate vegetation productivity) index in which data on
temperature, rainfall and growing season were incorporated.
This index was closely and positively correlated (r=+0.90) with
values, for ideal site class. Difficulty was experienced in obtaining
acceptable values for ideal site class, and although a few of his
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values came from Africa and North America, the majority were
taken from Sweden. From the statistical relationship that he
established between the CVP index and ideal site class, he pro-
ceeded to estimate the potential productivity of the world’s forests
on the basis of available climatic statistics.

Since the index is based on a climate, it will be apparent that
influences from factors such as soils are not portrayed, and
furthermore, the climatic index itself does not incorporate certain
elements such as wind exposure. Nevertheless, even though it is
an oversimplification, the index shows an interesting pattern of
variation in estimated potential productivity. A degree of correlation
exists, as might be expected, with the map of forest distribution
and type, with high values in much of the tropical zone and low
values in the boreal forest zone. In most of the equatorial zone
and the humid tropics, the calculated potential productivity is in
excess of 12 cubic metres per hectare per year, compared with
under 3 cubic metres in the boreal forest. Potential productivity is
relatively high in the humid temperate climates of north-west
Europe and eastern North America, and in parts of eastern
Australia and New Zealand. On the other hand the limiting factor
of moisture means that potential productivity in much of Africa
and western Asia is zero or negligible.

Plantations

In practice much higher growth rates than those indicated in the
data can be obtained in plantations, and these may have the
additional advantage of higher proportions of potentially useful
stemwood than in natural forests. Their real comparative advantage,
in practical terms, may therefore be greater than the apparent
one. Caution needs to be exercised in comparing plantations with
each other and with natural forests. Plantation records usually refer
only to yield, and indicate nothing of the inputs. Furthermore,
plantation figures are often quoted over-bark, which may be thick
(up to 45% by volume) in young pines in particular, whereas in the
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temperate zone the usual practice is to quote under bark. These
points need to be borne in mind in considering the data which
illustrate some examples of annual growth rates achieved in tro-
pical plantations, (Zobel et al. quote some exceptionally high rates
of up to 60 or even 100 cubic metres per hectare per year.) Some
figures for non-tropical plantations are included for comparison
as well as some data for other managed forests.

The data suggest that growth rates in tropical plantations are
much greater than those in temperate zones, and it is usually
assumed that this is so. Some authorities, however, have cautioned
that this assumption needs to be viewed with care. Jordan (1983)
concludes from a review of published figures that the wood only
productivities of temperate plantations are similar to (and some-
times slightly higher than) those in the tropics and subtropics.
Whether this is simply a reflection of length of experience with
silviculture in the respective zones remains to be seen.

Productivity or growth rate in plantations varies with species
type, management (including the nature and intensity of inputs),
soil type and climate. In Europe, for example, growth rates vary
with climate in two different dimensions. One gradient, determined
mainly by temperature, slopes upwards from north to south. The
other is from extreme oceanicity of climate in western Ireland to
extreme continentality in the Soviet Union. This gradient operates
differentially between different species. Oceanic species such as
Sitka spruce attain their maximum growth in the west. More conti-
nental species such as Scots pine grow well in east. Knowledge of
the characteristics and preferences of species (and provenances)
and experience in use of exotics are rapidly increasing, and hence
growth rates can be expected to increase.

The area under plantations in general and tropical plantations
in particular is increasing rapidly, and this expansion combined
with high productivities is likely to mean that an increasing
proportion of industrial wood requirements will be supplied from
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this source. On the other hand some controversy exists over the
sustainability of high productivities beyond the first rotation in
tropical plantations, and pests and diseases may yet be problems. It
should perhaps also be borne in mind that the expansion of
plantations itself reflects the existence of some pressure on the
forest resource base.



3

Historical Perspectives on Forest
Resource Use

The management and use of the forest resource are sometimes
seen as problems peculiar to the late twentieth century. We read
much about shrinking forests and shortages of wood, and about
the floods and accelerated soil erosion that are alleged to follow
the removal of the forest. Topical as these problems are, however,
they are not new. Although the scale of some of them may be
greater than in the past, they affected our forefathers as well as
ourselves. In his arrcgance, modern ‘technical’ man may assume
that both his perception of modern problems and his responses
to them are (and must be) unique, and that he has little to learn
from the past. If he takes this view, he is limiting his vision as
effectively as if he wore blinkers.

In many parts of the world a sequential pattern of use of the
forest resource can be demonstrated. Initially, the forest is seen as
an almost unlimited resource, with little danger of exhaustion
and little need of conservation. Trends in forest use and area are
perceived in neutral or positive terms: a reduction in forest area
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may be welcomed in allowing an expansion of the agricultural
area. As this phase of resource destruction proceeds, some voices
begin to call for conservation. Initially they are largely ignored, but
from the faint stirrings a clamour may arise and may eventually
lead to legislation or other government action aimed at halting
the trends. The effectiveness of these voices has been variable. In
some countries forest destruction was halted while significant
forest areas still survived. In others it continued to a point where the
forest resource was all but exhausted. In some instances, near-
exhaustion was followed by attempts at the recreation of the
resource, and in a few of these cases the expansion of the forest
area has recently attracted adverse reaction. Perhaps there may
also (at least in theoty) be a phase of equilibrium, when the resource
is neither expanding nor contracting. Such phases, however, have
been in reality few and far between.

This thre= or four-phase cyclical model can be demonstrated
at various scales. For many centuries, the forests of Britain suffered
contraction before a dramatic turn-round in the early twentieth
century led to expansion which has continued ever since. In detail
the model is not quite so simple as the outline may suggest: the
late eighteenth and early nineteenth centuries saw a ‘false dawn’
of forest expansion which was not sustained. Nevertheless in general
terms it appears to be as valid as it is simple. Different parts of the
world have reached different stages in the model, while at the global
scale we are still firmly in the phase of resource destruction.

At the same time we can perhaps conceive of management
of the forest resource in terms of the model or analogy of hunting/
gathering and agriculture. Initially, utilisation of the forest resource
resembles hunting or gathering rather than farming. It involves the
direct use of an ecological resource with little or no management
or manipulation. Only later is management applied, and later
still trees are grown under conditions as ‘artificial’ as those under
which crops such as wheat or rice are produced. Again the model
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is perhaps not simple or linear: there may be deviations and

reversals. Nevertheless, the transition from hunting/ gathering to

farming the forest has been made in many parts of the world,
although in many others it has still to begin.

An important contextual factor is the incorporation of an
area for the first time into the wider world economy. This process
brings new demands for forest products, as well as new forms of
control. It often coincides in time with rapid population growth,
and severe pressures may be exerted on the forest resource. These
may eventually be followed by a shift from one exploitation phase
to the next, and by a transition from hunting/ gathering to farming,
Incorporation may be an important trigger factor, but the time-
lag between it and the response appears to be as variable in length
as it is critical for the condition of the forest resource.

While the sequential and hunting/gathering models both
provide a background against which current trends in the forest
resource can be viewed, they are perhaps of more value in cotn-
bination than they are separately. The driving-force in the shift
from hunting/gathering to farming the forest also provides the
dynamic for the progression from the phase of destruction to that
of conservation or re-establishment. It may thus be both meaningful
and helpful to think in terms of a forest transition, from a ‘hunted’,
dwindling forest resource to one which is ‘farmed’” and stable or
expanding in area. Two separate transitions may occur — the one
from hunting / gathering to farming and the other from contraction
to stability or expansion—but in practice they often coincide in time.

In this chapter, forest resource use is initially considered in
two contrasting areas — the Mediterranean basin in the Old World,
and the United States and neighbouring areas in the New World.
These histories are then considered in relation to other parts of
the world, and in particular to the expanding world economy.
The Mediterranean Basin
The Mediterranean region has been described as the ‘type situation’
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of an unhappy history of forest management and its consequences.
Its degraded scrub vegetation, denuded slopes and silted river
mouths are widely perceived as symptoms of mismanagement of
the environment in general and of the forest in particular. Some
have gone so far as to implicate this environmental mismanagement
in the decline of classical civilisations. The long and troubled relation-
ship between man and the Mediterranean forest gives ample scope
for thought. Several classical writers refer to the rate at which
forests were being replaced by fields, pastures or scrub. Perhaps
there is a parallel between the Mediterranean forest of 2,000 years
ago and the tropical forest of today.

Resource demands

In classical Greece and Rome, the forest was the source of fuel,
building material and war matériel. Furthermore, the forest had to
be cleared before agriculture could be practised, and in areas
remaining uncleared its shrub and field layers offered grazing
and browsing. It is not surprising, therefore, that the forest resource
was subjected to severe pressure: perhaps it is more surprising
that so much of it survived the classical civilisations.

With growing populations in the city-states, more and more
forest land had to be cleared for agriculture, and this was perhaps
the main cause of contraction of the forest area as indeed it is today.
Forest clearance occurred not only around the cities themselves,
but also further afield in Greek colonies and in Africa and in other
Roman provinces. And even if direct clearance did not occur, the
same result was produced by grazing, which also prevented the
recovery or regeneration of forests previously cleared or degraded.

The biggest single demand for wood was for fuel. In the
absence of significant use of coal and oil, the Greeks and Romans
had to look to the forest for fuel for both domestic and industrial
purposes. According to Hughes with Thirgood (1982), probably
close to 90 per cent of wood consumption was as fuel, as it is in
many developing countries today. Charcoal, rather than wood,
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probably accounted for much of his consumption, and its production
employed thousands. As a more easily transportable material than
timber, it could be economically produced at greater distances
from the cities and allowed urban demand to be met from some
of the remoter mountain forests. Timber for building material, on
the other hand, was less easily transported though more valuable.
Even when timber scarcities led to the more extensive use of
stone as a building material, with the accompanying flowering of
classical architecture, some timber was still required for purposes
such as scaffolding as well as for fitting out the buildings. It was
also required for shipbuilding, and became a strategic raw material
of primary importance. In short, with the growth of city-states of
substantial populations numbered in hundreds of thousands,
demand for forest products escalated at an unprecedented rate.

It is not surprising that this demand resulted in the local
destruction of the forest resource around the main cities. Many
classical writers refer to deforestation, and indeed it seems that
the area around Athens was already bare by the time of Plato.
Many also refer to the difficulty of obtaining timber suitable for
shipbuilding and construction, and Plato describes the permanent
damage to the environment that could result from deforestation.
The loss of soil from the deforested slopes was a particular problem
in both Greek and Roman times. Post-deforestation erosion pro-
ducts now form deposits 10 metres thick in parts of the Roman
provinces of Syria and Africa (Simmons, 1989). Indeed most of
the environmental concerns of the present day, with the possible
exception of fears about the loss of genetic diversity, were voiced
two thousand or more years ago.

Yet although the areas around the main cities may have been
extensively deforested, the regional forest resource was not
completely destroyed. Although some writers have assumed that
Plato’s description of deforestation in Attica applied also to other
parts of classical Greece, it is unlikely that this was so. In the words
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of Thirgood, “The overall conclusion is that, despite considerable
inroads, and with the exception of the more arid, thin-soiled con-
ditions, extensive timber forests, though often depleted, still re-
mained at the end of the classical period, and that natural re-
generation was able to maintain the forests in being.” That some
of the forest resource was able to survive these unprecedented
pressures was probably at least partly due to a combination of
technical and organisational ability. Knowledge of coppicing could
ensure a continuing supply of timber without the elimination of
the forest. Methods of sowing and planting were understood, as
was the practice of thinning. Without an appropriate institutional
framework, however, such technical knowledge would have been
of little practical use. In the past, as at present, the major problem
was organisational rather than technical.

Resource management

Government controls on forest use were imposed in both Greece
and Rome. Since ship timber in particular was an important
strategic material, Athens banned the export and re-export of all
such material, and indeed strict export control characterised states
with significant forest resources. Those lacking these resources
often sought to enter into treaty arrangements with peoples still
in possession of forests. Athens and the other powers that controlled
the Macedonian forests at various times tried to manage them for
national purposes and applied controls to this end, although both
then and in more recent times short-term national security over-
shadowed long-term conservation as a policy objective.

The association of state control with forest management was
even more clearly demonstrated in the case of Rome. Forests
were in effect under state ownership and administration. In both
unoccupied and conquered areas, government ownership was
assumed, but elsewhere some areas were leased to syndicates of
businessmen for commercial development and in some of the
settled areas forests were included in the larger latifundia. The
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potentially damaging effects of grazing animals on forest re-
generation were understood and reflected in at least some colony
charters by clauses prohibiting grazing on land where young trees
were growing (Meiggs, 1982). In theory, then, an effective frame-
work existed for the management and conservation of the forest
resource. A forest guard service gradually evolved and became
responsible for various aspects of forest management, including
what would now be termed watershed protection.

Both in classical times and more recently, however, this frame-
work was perhaps necessary but not sufficient for sound manage-
ment. Then, as now, governments from time to time sought to
raise revenue by selling or leasing forest land to private owners,
who would proceed to clear it or exploit it by producing timber
or other forest products for the market, or even by turning it into
residential subdivisions. Furthermore, a Roman law of 111 BC
confirmed that anyone who had occupied public land of up to 30
acres (12 hectares) for purposes of bringing it under cultivation
had a full legal right to ownership (Meiggs, 1982). Sizeable areas
of woodland might be retained (or even planted) on the larger
farms and products such as honey, nuts and resin produced, but
on the smaller farms and residential subdivisions significant areas
of woodland were less likely to be found. Then, as now, the nature
of the rural population and settlement pattern helped to determine
the nature of the forest.

Forest survival and forest destruction

The survival of the forest, therefore, depended on several factors.
Consistent government control was one of the most important.
Location was another. After the exhaustion of resources in the
immediate vicinity of the city-states, those forests along rivers
where logs could be floated and those around potential seaports
were the next to be utilised. Conversely, the more inaccessible
mountain forests were more likely to remain intact. The third major
variable was the nature of the physical environment, and especially
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of climate. In the drier areas of the eastern Mediterranean, the
forest was initially sparser and subsequently less resilient than in
the better-watered areas. The drier limestone areas were especially
vulnerable, and parts of eastern Greece and the neighbouring
Aegean islands and coasts were amongst the first to experience
complete loss of forest and the associated loss of soil. The end
stage of the process was the reduction of the forest to little more
than bare rock.

The fate of the forest, therefore, depended on a combination
of climate, location and control, as well as on demands for agri-
cultural land and forest products. These were, of course, related
to population trends. If one of these factors were favourable, it
could to a large degree mitigate the adverse effects of the others.
Even in the unlikely desert climate of Egypt, forests of considerable
extent survived as late as the eleventh or twelfth centuries along
the Nile Valley and in the desert fringes and in some of the wadis
(Thirgood, 1981). As early as the Ptolemaic period (332-30 BC),
there was government control of felling and programmes of tree-
planting on wasteland and along the banks of rivers and canals.
Later all forests became state property, and an efficient central
government strove to conserve the limited forest estate. Only with
the breakdown of this control, and with the extension of the
cultivated area in the Nile valley in the face of population growth,
did forest depletion occur. Indeed remnants of the ancient Egyptian
forest survived as late as 1880, when according to Thirgood, con-
temporary writers were predicting its exhaustion within twenty
years.

The forest and political instability

Perhaps the significance of control and management is best
illustrated by what happened during periods of strife, instability
and power vacuums. From the Persian invasion of Greece in the
sixth century BC through the Roman siege of Jerusalem in AD 70
to the depletion of the surviving forest of the Levant coast by the
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Turks during the First World War, there are numerous reports to
the effect that the forest was, if not the first, then a significant
casualty of war. It is claimed, for example, that Lebanon lost 60
per cent of its remaining trees as railway fuel during the first
three years of the First World War. But instability did not have to
develop to such extreme forms as warfare and conquest for the
forest to be threatened. With the decline in the classical civilisations,
two opposing trends were set in motion. On the one hand, large
tracts of cultivated land reverted to forest, at least in areas where
the effects of the removal of the forest had not been so devastating
as to prevent regeneration. Subsequently, fluctuations in population
and in the rate of population growth were reflected in the waxing
and more usually in the waning of the forest. For many centuries
population pressures were generally light: not until the Renaissance
Period in Italy, for example, was there rapid growth in population
and demand for agricultural land, and hence the stripping of the
forests.

On the other hand, with the decline of the classical civilisations
there was a decline in administration and in the enforcement of
such forest laws as were still extant. Laws were now enforced
only where there was strong rule: repeatedly over the centuries
political weakness, uncertainty or change was accompanied by
inroads into the forest area. In the words of Thirgood (1981),
“disruption of settled government has almost inevitably led to an
increase of pastoralism”, and an increase in pastoralism has equally
inevitably led to an increase in grazing pressures and in further
attenuation of the forest. Under pressures of wars or invasions,
populations might seek refuge in previously unoccupied mountains
and the forests rapidly converted to crops or pasture-land. Major
upheavals such as the Arab Conquest of the Maghreb and subse-
quent mass immigration set in motion what Thirgood (1986a)
describes as a process of inexorable decay of the forest.

The adverse effects of political instability continued until the
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nineteenth and twentieth centuries. In the upheaval that followed
the Greek War of Independence in 1821, for example, many forest
areas that had previously been protected by their inaccessibility
were now destroyed or degraded. In North Africa, the coming of
French colonists led to the partial displacement of the native
population to the hills, bringing new demands for fuelwood and
new intensities of grazing in the forests. Loss of traditional grazing
grounds in the plains gave rise to bitterness expressed in the deli-
berate burning of lowland forests (Meiggs, 1982). More recently still,
the political unrest that accompanied the Independence movement
in Cyprus in the late 1950s and 1960s was itself accompanied by
an increase in fire damage to the remaining forests, and indeed
the island suffered the worst fires in its known history at the time
of the Turkish invasion in 1974.

A hundred years earlier, the forests of Cyprus were in a sorry
state: in the third quarter of the nineteenth century it was estimated
that in the previous twenty years they had decreased in area by
one-third and in volume by one-half. This spectacular degradation
of the Cyprus forests during the latter phase of Ottoman rule was
caused mainly by the depredations of the goat, that well-known
enemy of the Mediterranean forest. Both in Cyprus and in many
other parts of the Mediterranean, the traditional woodland grazing
economy had begun to break down in the face of rapidly growing
population and growing (and uncontrolled) grazing pressures from
increasing numbers of nomadic shepherds and their herds and
flocks. Pastoralism was of course neither a new activity nor were
its damaging effects on the forest previously unknown. In Spain,
for example, the large-scale annual migrations of sheep flocks
had done much in reduce the forest area over the centuries. By
the nineteenth century, however, the scale, extent and intensity
had greatly increased.

To these pressures were added in many parts of the
Mediterranean those arising from changing accessibility. In the
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age of the railway, previously inaccessible forests could now be
exploited. The railway age witnessed the destruction of the forest
resource in some of the more mountainous mid previously in-
accessible areas. During the same period changing political
structures probably contributed to the destruction. Since 1870 the
modern Italian state had the unenviable task of unifying the
forest organisations (such as they were) of the many small states
and principalities which it succeeded. The finances of the new
state were desperately weak. Many estates on former papal lands
were sold, and the purchasers proceeded to clear-fell the timber
they carried (Meiggs, 1982). Earlier in the century, huge areas of
forest in the public domain in Spain were sold lo private owners
and obligations for woodland protection and management in
privately owned forests were removed (Thirgood, 1981). At the
other end of the Mediterranean, nineteenth-century travellers in
the Levant repeatedly referred to contemporary and extensive forest
destruction.

There is, therefore, considerable evidence to suggest that the
nineteenth century was a decisive period for much of the Medi-
terranean forest. Previous periods had witnessed resource des-
truction (and partial recovery) in relatively localised areas, but the
new pressures meant destruction on a wider scale, and extended
to better-watered, more resilient areas that had previously escaped
destruction or that had regenerated. These pressures included
spectacular growth in population, greatly increased demand for
timber for fuelwood and building, and increased numbers of
nomadic shepherds and heavier grazing pressures in the woods.
They also resulted from the arrival of the railway, and the trans-
formation of transport and accessibility. Forests previously pro-
tected by virtue of remoteness and inaccessibility were now vul-
nerable. Finally, the century saw great changes in political organi-
sation, and at a time of political change forest laws and efficient
management practices could not easily be enforced. With the
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pressures and the resulting deforestation (especially on vulnerable
mountain slopes) there came the inevitable consequences of soil
erosion and environmental degradation, epitomised in the bare
slopes of areas such as Calabria.

A model for modern forest resource use?

This Mediterranean combination of pressures is perhaps unique
in detail, but in more general terms is matched in much of the
developing world in the second half of the twentieth century. If
the phase of resource destruction reached a climax in the Medi-
terranean in the nineteenth century (and locally in small areas
much earlier), then perhaps much of the developing world is
experiencing similar changes today. The Mediterranean experience
in the present century would suggest that the turn-round from
the phase of destruction to the phase of recreation (or at least
stabilisation) is difficult but not impossible. Forestry histories such
as that of Cyprus (Thirgood, 1987: Dunbar, 1983) relate the set-
backs and disappointments as well as the successes, but in most
of the region the forest area has once more expanded or at least
stabilised, despite continuing problems of fire and other hazards.
At the very least, the rate of forest destruction has slowed down.
Tree ‘farming’ in the shape of the establishment of forest plantations
has expanded far beyond its very limited extent of classical and
medieval times. Nineteenth-century projections of the Mediterranean
forest would in all probability have indicated the complete ex-
haustion of the forest resource long before the late twentieth
century. The fact that this has happened neither here nor in North
America, where projections were similar, is significant, and offers
grounds for some optimism about trends in the tropical forest
today. On the other hand, the Mediterranean experience is also
acutely depressing. Technical knowledge about forest management
and conservation was available from classical times. There were
some technical triumphs, such as the silver fir plantations in the
Tuscan hills, managed initially to ensure a supply of ship masts
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for the Florentine state and still maintained today. But consistent
application of that technology was sadly lacking, at least until
very recent times. The result was that all but a tiny fraction of the
forest was destroyed or degraded. This history of the Mediterranean
forest is characterised by destructive exploitation, spread over
several eras in some areas. This exploitation has at best been
followed by only partial transition to forest conservation and more
efficient use. It has been accompanied by changing perceptions of
what constituted potentially useful resources, especially as transport
and accessibility underwent fundamental change. It has also been
accompanied by severe resource shortages and by serious environ-
mental damage. In short, the Mediterranean forest resource model
does not bode well for the future of the world forest.

North America

If the forest history of the Mediterranean area is a rather depressing
one of deforestation and environmental degradation, that of North
America perhaps gives more grounds for optimism. There the turn-
round from deforestation to forest stability or expansion occurred
" more abruptly and at a less advanced stage in the process of
forest removal. Despite forecasts of timber famines dating from
more than a hundred years ago, there have in fact been increases
in forest volume during the present century. Many of the worst
environmental effects arising from the use of the forest resource
have been curbed, and while it would be wrong to suggest that
the problems of use of the forest resource have been solved, the
present situation is less gloomy than might have been predicted
at the end of the nineteenth century. It is debatable whether the
American model of forest-resource use can be applied to the deve-
loping world or its constituent parts today, but the model certainly
offers a thought-provoking perspective for modern problems of
global forest resources.

The pre-industrial forest

The history of use of the American forest is more concentrated and
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more dramatic than that of the Mediterranean. Indigenous peoples
for centuries had used the forest for hunting, and as a source of
numerous domestic and medicinal products, as well as for limited
agriculture. Human impact on the forest 'was not absent: some
timber was exported as early as Viking times (Cox et al., 1985),
and crops such as beans, corn and pumpkins were produced in
forest clearings in New England when English colonists arrived
in the seventeenth century (Carroll, 1973). The use of the forest by
the Indians resembled the shifting agriculture of the tropical
forest of today. Further south, Mayan exploitation of the tropical
fruit of south-east Mexico actually increased the number of useful
tree species. Human impact was therefore not absent. In addition
to the effects of gathering and of agriculture, those of fire were
also widespread. When the first Europeans arrived, portions of
forest had already been changed to more open, parklike vegetation,
and forest composition in some areas is also likely to have been
altered. Nor did the first European settlers in other parts of the
world always encounter completely natural environments. In
New Zealand, for example, the introduction of the potato at the
end of the eighteenth century caused a great expansion of shifting
cultivation over forest land, and an increased use of fire. There is
little doubt, however, that the arrival of Europeans in North America
was soon followed by increased impact.

The quickening pace of destruction

From the seventeenth to the nineteenth centuries the North
American forest shrank at an accelerating rate. Initially the forest
was both a resource and an obstacle. It provided ample fuel and
building materials, and it had to be cleared to provide agricultural
land. It was also perceived as a threat, in both physical terms in
harbouring dangerous wild animals and hostile Indians and in
psychological or spiritual terms as an untamed wilderness or
domain of Satan. The clearing of the forest had an almost sacred
motive as well as a secular one: it was the wild, dark and horrible
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abode of the supernatural and the fantastic. The attitude of early
settlers in Ontario, for example, was one of outright antagonism.
They attacked the forest with a savagery greater than that justified
by the need to clear land for cultivation, for the forest smothered,
threatened and oppressed them.

The apparently endless forest seemed inexhaustible, and its
removal was as much a key to agricultural expansion as it was a
symbol of control or dominion in the erstwhile wilderness: removal
of the forest was the first step towards civilisation. Under such
conditions, therefore, it is not surprising that the conservation ethic
was not at the forefront of forest management. At the close of the
eighteenth century, British North America was largely a wilderness
covered by forest. In the words of Lower. “no one could possibly
think of forest conservation, the inscrutable forest. . . was itself the
enemy. Against it settlers would wage a century long war.”

Even in this unpromising climate, however, the relationship
between the settlers and the forest was not wholly destructive.
Although 2,00,000 hectares of woodland had been cleared by the
end of the seventeenth century, the cutting of timber was restricted
(at least in certain areas) by various laws. Perhaps these were
motivated in part by memories of the timber shortage in England:
in addition at least some of the settlers considered that wanton
destruction of timberland was “displeasing to Almighty God, who
abhorreth all wilfull waste and spoil of his good Creatures.”

This early chapter of the history of the use of the American
forest is not without its paradoxes. On the one hand there is the
contradiction between expressed attitudes towards this part of
God's creation and the exhibited behaviour of forest removal. On
the other hand, it has been suggested that migrants from the better-
wooded areas of Europe (such as German settlers in Pennsylvania)
were more appreciative of the forest and more careful of its use
than those from England, where the near-exhaustion of the forest
had already resulted in a timber shortage.
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Although most of the early forest clearance was related to
agricultural expansion and to procurement of firewood and
building materials, commercial exploitation for export markets
began very early. As early as the seventeenth century, some timber
was shipped to the colonies in the West Indies, to southern Europe,
and to England (Carroll, 1973). This trade, however, was on a very
small scale, and consisted largely of valuable products such as
ships’ masts, by now in short supply in much of maritime Europe.
Indeed the British Crown attempted to reserve the best of the pines
along the New England rivers, by means of the ‘broad arrow’
marked by the surveyors of the ‘Kings Woods'. Even with an acute
timber shortage in England, the export trade was largely restricted
to the most valuable timber such as masts, and the stormy Atlantic
remained a formidable obstacle for bulky, low-value cargoes of
timber for other purposes.

In what is now Canada, the timber export trade took off at
the beginning of the nineteenth century. Up until that time, the
British Navy relied strongly on timber from the Baltic lands, and
with supplies threatened during the Napoleonic Wars it began to
look more intently across the Atlantic. In 1800 British imports of
timber from the colonies were negligible. In 1803 they amounted
010,000 loads and in 1811 to 1,75,000. By 1810 timber had replaced
fur as Canada’s feading export. The Atlantic trade in timber
continued after Napoleon’s blockade of the Baltic was lifted in
1812. By then, Canadian timber merchants had become established
in British markets. Furthermore, in order to encourage secure imports
from North America, the British government in 1810 doubled duty
on timber imports from northern Europe, while imports from the
colonies were duty free and those from America attracted only a
low duty. This preference lasted until 1866, and stimulated a
rapid expansion of timber extraction in coastal areas such as New
Brunswick, where exports multiplied nearly twentyfold between
1805 and 1812. In that province, the next few decades saw the
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unfolding of a story which has been often repeated in more recent
times. At first, only the finest and soundest pines were taken for
masts, but a more general demand for timber meant that pro-
gressively smaller timber was taken. Initially, squared timber
was produced, and this form of exploitation utilised relatively
few trees in a stand. Around mid of nineteenth century, demand
for lumber grew rapidly from the rapidly growing American cities,
and far more trees were utilised. Furthermore, large amounts of
slash were produced in the course of logging, and became a major
fire hazard.

This progressive use of increasing proportions of trees per
stand and of small trees has been accompanied in many areas by
a progressive widening of the range of utilised species. In Quebec,
for example, pine and oak were selectively lumbered at the begin-
ning of the nineteenth century. Subsequently other species, including
hemlock, spruce, maple, yellow birch and beech were lumbered
in a second generation of forest exploitation (Bouchard et al., 1989).
A similar sequence was witnessed in the Lake States half a century
later: the exploitation of pine was followed by that of hemlock and
hardwoods, which were initially percéived not to be of value. With
passing time and changing technology, the Zimmerman ‘wedge’ of
resources (Chapter 1) occupied an increasing proportion of the forest.

In the early years of exploitation in areas such as New
Brunswick, most of the timber was cut by small operators, com-
bining the seasonal activity with farming. Gradually, however,
operations increased in scale, and a Glasgow-based timber company
dominated much of the north-east of the province. The growth of
capitalist organisation accompanied the incorporation of the area
into the expanding world economy. With this development came
the emergence of a powerful entrepreneurial class and a growing
proletariat. The forms of control and use of the forest were being
transformed. Whereas in earlier times control and use were local,
both were now geared to the much larger scale of the North Atlantic.
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In practice, control was now external, as was the destination of
both products and profits. In the words of an early historian of
New Brunswick,

The wealth that has come into it, has passed as through a thorough-
fare. . . . The persons principally engaged in shipping the timber have
been strangers who have taken no interest in the welfare of the country,
but have merely occupied a spot to make what they could in the
shortest possible time . . . the capital of the country has been wasted . . .
the forests are stripped and nothing is left in prospect, but the gloomy
apprehension when the timber is gone, of sinking into insignificance
and poverty.
While the colonial exploitation of the forests of New Brunswick
and other areas was proceeding apace during the first half of the
nineteenth century, the forests of the United States were being
cleared primarily for agriculture. It is estimated that at the very
least 40 million hectares of forest had been cleared, and a further
15 million by I860. Perhaps 60 million hectares had been cleared
by 1860, compared with about one-twelfth of that amount cleared
as a result of industrial lumber, mining and urban development.
The consumption of timber was enormous: for example farm fen-
cing in the state of Kentucky alone during the 1870s was estimated
to consume 10 million trees annually. In some Midwest states such
as Ohio, clearing reached a peak during the 1870s, when 1.46 million
hectares were removed. Extrapolation of such rates of forest removal
caused local concern and alarm, pointing as it did to timber shor-
_ tages or famines by the early decades of the twentieth century.
These fears prompted a questionnaire survey of all township
officials and intelligent farmers: agricultural clearance was per-
ceived as the primary cause in 90 per cent of the state’s eighty-
eight counties, compared with use as fuel and construction in 9
per cent, and grazing by cattle and sheep in one county. By the
end of the century, the formerly continuous forest of many states
had been reduced to a few isolated patches.
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After 1860, however, the rate of clearing for agriculture
declined sharply, while the rate of cutting for industrial purposes
rose. The next few decades witnessed the quasi-colonial exploitation
of successive forest areas in New England, the Lake States, the
South and the Pacific Northwest. With the exhaustion of the forest
resources of one area, the lumber industry simply moved on to a
new one. Successive areas waxed and waned. Between 1870 and
1910, the industry went through its period of greatest growth,
production and destructiveness: the cutover land, great fires, and
big mills assured to the Lake States an indelible image as the
epitome of destructive lumber exploitation. The legacy was not
only of devastated forest lands but also of unfettered capitalist
exploitation, and of reactions, attitudes and ideals that have con-
tinued to influence American forest policy to this day.

Reaction

From the beginning of this period of almost unbridled exploitation,
calls for more careful husbanding of resources and fears of
timber famines were voiced. These came first from New England,
the earliest area to suffer, but while new timberland could be
obtained in the west or south for as little as $1.25 per acre, it was
more profitable for operators in Maine or Pennsylvania to relocate
than to stay where they were and reforest their cutover lands. By
the turn of the nineteenth century, however, the last frontier had
been reached in the Pacific Northwest. No new areas of virgin
forest remained, and in any case the increasing capital investments
in mills and equipment could no longer be lightly abandoned.
The relationship between the ‘cut and get out’ approach and that of
‘stay put and reforest’ was now changing.

With many men and much equipment in the forests in the
late nineteenth century, and huge quantities of slash, it is not
surprising that devastating forest fires broke out. Some of these
destroyed the organic layers of the soil over which they passed as
well as neighbouring stands of timber. The lumberman’s promise
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that ‘the plow follows the ax’ did not always hold good: at least
half of the cutover land was not converted into farms, and a quarter
of that was left barren, without trees or people. The devastated
area amounted to over 30 million hectares. The lumber industry was
characterised by the features typical of the expanding industrial
capitalism of the period, with price fluctuations, severe competition
and periodic overproduction. Associated with the volatility of the
market were waste, devastation and disrupted communities —
features common to a number of resource-based industries at the
time. Agricultural clearing, as well as industrial lumbering, was
now recognised as a source of environmental damage. Over 90 per
cent of the respondents to an Ohio survey in the 1880s perceived
it as having damaging effects. The perceptions of George Perkins
Marsh were now rapidly spreading.

By the turn of the century, the use of the American forest re-
source epitomised all that was inharmonious in the relationship
between man and environment, and reaction was beginning to
set in. Devastation of the forest became a powerful symbol for the
first American conservation movement during Theodore Roosevelt's
presidency in the early years of the century. The leading figure in
that movement, Gifford Pinchot, was head of the new forest service,
whose creation was in itself a reflection of growing unease about
the use of the forest resource.

During the nineteenth century, people to whom the American
forest had seemed inexhaustible began to realise that it was, after
all, finite. This dawning realisation gave rise to the Forest Reserve
Act of 1891, under which forest reserves, later to become national
forests, were first established. Although initially there was un-
certainty about the role and management of these forests, in
practice they were safeguarded, under federal control, from private
exploitation. Even before the peak of lumber production in 1909,
it was becoming clear that attitudes towards the forest resource
were undergoing a fundamental change. From the 1870s onwards,
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various government officials were referring to prospects of timber
scarcity or famine. Thirty years later, the president himself publicly
espoused such fears. Addressing the American Forest Congress in
1905, President Roosevelt declared that “if the present rate of forest
destruction is allowed to continue, with nothing to offset it, a timber
famine in the future is inevitable.”

The forest turn-round

By the end of the nineteenth century, professional foresters, re-
creationists and wilderness preservationists, government agencies
and even the lumber industry itself were advocating change. The
first step towards a fundamental change in forest resource use was
an awareness of malaise in the existing pattern of use. From this
growing awareness, which was itself reinforced by the apparently
unsatiable demand for lumber during the First World War and by
the devastation wrought by the forest industry in the South at this
time, there emerged a radical change in the fortunes of American
forests. Whereas forest area and timber volume had progressively
decreased for many decades, a turn-round towards stability and
expansion now began to occur. This happened over a period of
decades rather than over-night, and the transition was not affected
without difficulties and setbacks. Nevertheless, a fundamental
transition did occur, and the predicted timber famines failed to
materialise.

If the historical model of American forest-resource use is
applicable to the forests of the developing world today, the factors
underlying the transition are of crucial significance. Several are
important, one of which is changing demand. In the nineteenth
century, timber consumption rose steadily and apparently expo-
nentially.

Timber was plentiful and cheap: it was a major source of fuel
as well as constructional material. The extrapolation of these
nineteenth-century trends must have indeed been worrying, and
if that extrapolation had been valid there is little doubt that the
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consequences would have been serious. But the pattern of demand
changed radically after the early years of the century. Electricity
and gas supplied growing proportions of domestic fuel, while
demand for constructional and industrial timber declined. The
railways, for example, consumed about one-fifth of the timber
harvest at the beginning of the nineteenth century but only 34
per cent by the 1960s. Substitutes such as steel and concrete were
increasingly employed: predictions of timber famine themselves
encouraged the search for substitute materials. Consumption for
the basic domestic and industrial uses steadily decreased during
the first few decades of the century, and were only very partially
offset by rising consumption of pulp and plywood. In short, the
nature and magnitude of demand underwent a fundamental
change, which completely undermined the validity of contem-
porary projections.

Major changes were also taking place in the management of
the resource, and hence in potential supply. Predictions of timber
famine were based on the fact that consumption was outstripping
growth: indeed as late as 1920 consumption was estimated at 26
billion cubic feet compared with growth of only 6 billion. Such a
ratio was anathema to proponents of sustained-yield policy: simple
logic seemed to indicate that this state of affairs could not continue
indefinitely.

Professional and technical forestry in the United States had
its roots in the managed forests of central Europe, where the concept
of sustained yield was well established. The concept, however,
could not be easily transplanted to the essentially natural forests
of North America. In natural forests, timber volume is relatively
constant, and no net growth takes place as long as a state of
equilibrium is maintained. Growth is balanced by loss through
age, disease and fire. In this state, timber volume is at a maximum,
but net growth is much higher in younger stands of trees.

In other words, exploitation of the ‘old growth’ of mature
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natural forests resulted in a reduction in timber volume, as it must
inevitably do whenever such forests are harvested, but not in
annual growth. The application of the sustained-yield principle,
in its strict sense of matching growth and removals, presents special
problems when management is first introduced into natural or
virgin forests. Initially, removals must exceed growth and cause a
reduction in volume, and yield appears not to be sustained. If the
old, mature stands are replaced, however, then growth will occur,
and eventually growth and removals can be matched. There would
be a time lag between the cutting of the old growth and the time
when the new forest would be producing at its optimal rate. This
time lag was inevitable in the transition from the unmanaged to
the managed forest.

Since the implications of this basic principle were not widely
appreciated at the time, it is not surprising that commentators of
the day were concerned at the disparity between consumption
and growth. In practice, annual growth has steadily increased from
around 6 billion cubic feet at the beginning of the century to almost
22 billion by 1977. The downward trend to famine predicted at
the beginning of the twentieth century has not materialised.

The trendlines of growth and cut gradually converged during
the present century: whereas the US Forest Service pointed out in
1920 that logging was proceeding at nine times the rate that new
wood was being grown, by 1963, annual growth of timber exceeded
the annual cut for the first time since record keeping began.

This spectacular reversal of resource trends reflects a major
transition from ‘hunting and gathering’ the forest resource to
‘farming’ in. It was accompanied by another major transition,
from a resource that was shrinking in areal terms, to one that was
stable or expanding in area as well as in volume and growth
rates. In addition to changing demand and supply, various other
factors contributed to the transition. They included a changing
perception of the forest resource, with increasing value placed on
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recreation and wilderness qualities. They also included a reaction
against the concentrated pattern of capitalist control and use of
the forest resource, and a climate of opinion that favoured increased
government intervention and involvement in forestry matters.
This transition from a shrinking forest resource, apparently
heading for exhaustion, to one which is now expanding, has taken
place against a background of forest ownership divided between
government, industry and private individuals. From the early years
of the twentieth century, government has sought to influence the
private sector in its forest management. Initially there was much
debate about whether government policy should be based on
compulsion or co-operation, but the theme of co-operation won
the day, and from the early 1920s federal government assistance
for tree-planting has been provided in a series of acts. Co-operation
between government and private owners has also been effective
in greatly reducing timber losses through fire. The timber industry
itself has undergone radical change. At the beginning of the twentieth
century few of the large mill operators in the South invested in
forest research or supported reforestation; then the tradition, perhaps
understandably in an age of apparently limitless forest resources,
was simply to move on to a new area. Today with no such areas
remaining and huge investments in mills and processing plants,
a policy of ‘cut and run’ makes less sense in the United States (if
not in other parts of the world). This is not to say that all the
problems associated with the exploitation of the forest resource are
problems of the past. In recent decades, the depletion of the
timber stocks in the last ‘forest frontier’ of the Pacific Northwest has
led to the old pattern of mill closures and high unemployment in that
region and a shift in industrial forestry back to the regrowth forests
of the South. Nevertheless, at the national scale the transition has
been made. The forest area is now relatively stable, and much of it
is in effect ‘farmed’. Gloomy predictions of timber famine have
not materialised, although the fact that these predictions were
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made may well in itself have helped to ensure that they did not
come to pass. What was at risk were the virgin forest of the Pacific
Northwest (and of other areas previously) and their aesthetic, ame-
nity and conservation values, rather than their timber producing
potential. Indeed these values were extensively and permanently
destroyed, while the timber-producing potential was not harmed.

There are several implications for other parts of the world at

the present. The fact that a clear transition took place after a
phase of destructive exploitation is one. The fact that a growth in
recreational and preservational values contributed to the transition
is another. The fact that the last frontier had been reached is perhaps
a third. Perhaps more serious and ominous is the fact that a century
elapsed between the voicing of the first concerns and the eventual
turn-round, and almost half a century intervened between the first
popular warnings of environmental consequences (such as those
of Marsh) and the peak of the forest conservation movement around
the turn of the century. A speedier transition will be required if
the tropical forest is to survive.
Models of Forest Resource Use and the Expanding World Economy
The contrasting histories of the Mediterranean and American forests
offer different models of forest resource use, the one leading to
the virtual exhaustion of the resource and the other suggesting that
a fundamental transition (in area as well as in management) can
be made while substantial areas of forest remain. In the former
case, the transition was long-delayed and was slow, hesitant, and
incomplete. In the latter, a transition was affected not only relatively
earlier in the history of forest depletion, but also more quickly
and completely.

If the models are to have validity or utility as perspective on
modern trends in forest resource use and depletion world-wide,
they need to be evaluated against the experience of other parts of
the world. The remaining part of this chapter attempts such an
evaluation and also considers the dynamic of expansion of the
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world economy (and incorporation of new areas into it) as a driving-
force or trigger for destructive exploitation.

Many European countries conform to a greater or lesser degree
to one or other of these models. For example, in the case of the
United Kingdom and the Republic of Ireland, the resemblance is
to the Mediterranean model, even though the original forest and
the defails of its removal are very different. In these countries, the
native forest all but disappeared before a transition (in area)
occurred in the twentieth century. On the other hand most central
European countries conform more closely to the American model,
even if once more there are many differences in detail and timing.

A basic outline of forest trends can be roughly sketched for
many parts of the world, but detailed time-series data are rarely
available. This deficiency is understandable: there are conflicting
estimates of the forest area even today. It seriously limits the
extent to which the models or generalisations constructed for one
area can be evaluated for more general applicability. More precise,
better documented data on the extent and rate of depletion for
each individual forest would do much to correct our perspectives
of the global process (of deforestation).

Despite the deficiency of data, there is clear evidence of a
transition in area (as well as in management) in many countries
during the nineteenth century. For example, forests covered 18.6
per cent of Swiss territory in 1863 and 31.8 per cent in 1983, while
in Denmark the forest cover is now 11 per cent, compared with 4
per cent in 1800.

In countries such as Austria and Finland, for example, legislation
to safeguard the remaining forest area was enacted in response to
the growing demand for timber (in both the local and wider
economies) during the second half of the nineteenth century, and in
effect marks the beginning of a relatively abrupt and complete
transition.

Perhaps the earliest forest transition was in Japan. Japan
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suffered a timber shortage in the early modern period, as a result
of a combination of factors including warfare, urbanisation, inten-
sified agriculture and growth in population. Prior to the Tokuwaga
era (1600-1868), deforestation was not a significant problem. Villagers
had free access to the forest but exercised restraint in their use of
forest products because of their respect for fellow villagers and
for nature. From the seventeenth century, however, pressures on
the forest increased, not least because of the huge quantities of
timber used in the construction of castles and cities. In addition,
demand was created by the growing urban population, and increa-
sing areas of land were cleared for agricultural purposes. Indeed
during the seventeenth century the new pressures on the forest
gave rise to a set of problems similar to those in many parts of the
world today. Amongst these problems were flooding, soil erosior,
shortages of timber and fuelwood, and endless wrangles over rights
of forest use. In response the daimyos or lords took over the village
forests. Conservation measures based on complete or partial pro-
hibitions on the use of forest products were introduced and rigo-
rously enforced, along with regulation of use in other areas and
with compulsory reforestation. From the time of the Meiji Resto-
ration in 1868, most of the forests owned by the daimyos became
in effect government property, and regulation of production was
maintained despite peasant resistance. Japan remained self-sufficient
in fuel and other forest products until late in the nineteenth century,
and still retains an unusually high degree of forest cover.

The case of Japan is instructive for at least two reasons. First,
it reveals a forest transition at a much earlier date than that in
America, and probably one at an earlier stage of forest depletion.
Second, it shows that deforestation was experienced, and was
perceived as a problem, during the early stages of population
growth and even before industrialisation or incorporation into the
world economy, which are so often associated with environmental
deterioration in general and forest depletion in particular.
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Nevertheless, this is not to invalidate the association between
these factors and forest depletion. Numerous examples could be
cited of how the expansion of the world economy through the
imposition of colonial control and development in the nineteenth
and twentieth centuries has led to new pressures on forest resources,
and indeed also to new regimes of management. In many parts of
what is now called the developing world, forests were cleared for
the production of cash crops such as tea in Assam, rice in Burma, and
cotton in the Bombay Deccan. The physical integration of such areas
with the world economy through the construction of railway systems
itself brought new pressures to bear on forest resources, with new
demands for fuel and for timber for railway sleepers. Similarly the
processing of some of these new cash crops consumed large quan-
tities of timber. The forest in the Philippines, for example, suffered
not only direct clearance for sugar-growing, but also for wood to
fuel refineries.

The displacement of indigenous peoples from areas cleared
for cash crops meant new pressures on the forest in areas of
resettlement, which frequently were in the more fragile mountain
environments less coveted for cash crops. For example, such dis-
placement following the French colonisation of Algeria is recorded.
This is but one specific example of a widespread process as a major
cause of forest problems. Similarly, the clearing of land for the
subsistence needs of peasants who had been plantation workers
made inroads into the remaining areas of forest. These may well
find that such secondary effects of the international economy were
the most important, as well as the most difficult to measure of all
causes of forest degradation until the massively mechanised agri-
culture of very recent years.

The incorporation of new areas into the world economy in
the nineteenth and twentieth centuries was often accompanied
by devastating effects on the forest, irrespective of whether the
colonialism was external (as for example in the nineteenth century
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case of New Brunswick) or internal. In Brazil, for example, perhaps
as much as 30,000 square kilometres of forest were cleared for
coffee-planting during the nineteenth century. It has been documen-
ted the disastrous effects of the incorporation of parts of southern
Brazil in the twentieth century. Of the original 20 to 25 million
hectares of Araucaria forest, only 4,45,000 remained in 1980. Defores-
tation as a result of clearance for agriculture proceeded gradually
during the first three decades of the century before accelerating to
reach a peak during the period from 1945 to 1970. The waste of
timber has been tremendous; perhaps as much as 1 billion cubic
metres of Araucaria wood may have simply been burned. The forests
have ceased to exist as an economic asset; logging and sawmilling,
once the largest source of employment in Parana state, have greatly
diminished, and the drainage basin of the Iguacu river has been so
disturbed that navigation is no longer possible.

In neighbouring Chile, the twentieth century history of the
forest resource has been similar, if on a smaller scale. In the province
of Aysen, the pastoral settlement of the interior was promoted by
the government for strategic reasons in the 1920s. Massive clearance
of lenga forest (dominated by Nothofagus pumilio) took place. Half
of the original forest cover was burned to make way for cattle and
sheep grazing with the familiar result of accelerated erosion and
destabilised slopes. Ironically, the value of lenga was not perceived
until the late 1970s, when exports of its decorative hardwood to
Europe began.

Perhaps the story of southern Brazil and similar areas in the
twentieth century is no more than a repeat of that of many other
areas of expanding frontiers in the nineteenth century. It reminds
us that external colonial powers need not be directly involved for
this type of development to occur, any more than they were in
the case of nineteenth century America. The effects in terms of
displacement of indigenous population and forest clearance seems
to be similar whether the colonial process is driven internally or



66 : Historical Perspectives on Forest Resource Use

externally. Characteristically, pioneers have tended to have
exploitative or antagonistic attitudes towards the forest. Perhaps
these attitudes are at least in part a reaction against the hardships
and dangers of life on the frontier, and to the insecurity that they
engendered. It is suggested that the unusually early conservation
response in New Zealand, in the form of the Forest Bill of 1874, may
be related to the presence of a significant number of emigrants
from the middle and upper ranks of British society. Their reserves of
capital insulated them from some of the rigours and uncertainties
of the pioneer life, and permitted a more benign and concerned
attitude towards the forest than was common in similar territories.
Perhaps New Zealand was also unusual in that much of the timber
felled in the course of clearing land for agriculture was turned to
profit. In the case of southern Brazil, as in many other areas in the
nineteenth and twentieth centuries, clearing was associated with
tremendous waste of timber. Exploitation was often inefficient
and wasteful, as well as destructive.

With the arrival of colonial power and the expansion of cash
crops, there might come the first positive measures to protect the
remaining forest area. Colonial powers might seek to reserve forest
areas in order that forest conservation might be achieved for both
environmental and commercial reasons; for the avoidance of soil
erosion and other adverse processes as well as for safeguarding
timber resources. In parts of India, for example, trends in forest
resources began to worry the colonial authorities as early as the
1850s, and in 1864. The enactment of forest laws in 1878 provided
the legal basis for government ownership and management of
parts of the remaining forest area, through the creation of forest
reserves. In some areas, policies of forest preservation were accom-
panied by early attempts at planting exotic species. Such attempts
began in 1902 in Kenya, for example upto 1914 over 4,000 hectares
of forest land had been replanted in Punjab and Uttar Pradesh.
Similar attempts at forest regulation and replanting began half a
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century earlier in New Zealand, and within thirty-five years of
having become a British colony the 1874 Forest Bill was enacted
to make provision for preserving the soil and climate by tree
planting, for providing timber for future industrial purposes, and
for subjecting some portion of the native forests to skilled manage-
ment and proper control.

The imposition of external or colonial control gave rise to many
and persistent problems. In Africa and India in particular, these
problems have been very long-lasting. In Africa, for example, many
colonial forestry departments shared a number of common aims:
¢ Emphasis on commercial forestry, and on growing timber

that could be sold either within the country (primarily for

mines and industries) or for export.

¢ Corresponding emphasis on exotic species (especially pines
and Eucalyptus spp.)

e Conversely, little interest in indigenous species, which for
the most part were ignored.

¢ Link enthusiasm for ethno-botany of local people, who were
usually regarded as ignorant about forestry and as spoilers
of the environment.

e  Most forest officials were dedicated to setting aside certain
proportions (e.g. 6%) of the total land area for forest reserves.

e  Foresters were regarded by local ‘-people as a sort of auxiliarv
police, since one of their functions was to keep people out of
reserves and to prosecute them for infringement of regulations.

In detail the role of a department might be complex: in Kenya, for

example, a three-sided political struggle developed between it,

the company that had leased the forest for commercial exploitation,
and the indigenous peoples. In general terms, however, the new
regime reflected Western notions of conservation and manage-
ment, and alienation was often the inevitable result of the new
orientation. The policing of forest reserves, with their symbolism
in terms of alien control and regulation of traditional resources,
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posed many problems and not infrequently met with the response
of incendiarism and for discussions of forest reserves in Kenya
and India respectively. Nevertheless, such reserves may have
helped to reduce the attrition on the forest, even if they failed to
reverse the downward trend of forest area. In many developing
countries and regions, no real transition in the trend of forest area
has yet occurred, and indeed the rate of forest contraction in recent
decades has been comparable to that in the United States in the
nineteenth century.

In some instances the incorporation of new areas into the
world economy led to the lessening, rather than intensification of
pressures on the forest. For example, it has been shown that the
decline of the local iron industry during the colonial period in Togo
in West Africa reduced the local demand for charcoal and thus
relieved one of the greatest pressures on the remaining forest. More
usually, however, this incorporation, whether carried out by colo-
nialism or imperialism, was accompanied by fundamental changes
in the relationship between man and land, including a revised
perception of the forest resource. The usual result was the diminution
or degradation of the forest. Exploitation was often destructive,
but the phase of destructive exploitation was by no means always
followed by a clear shift towards conservation and more efficient
use of the forest resource. Perhaps the existence of external control
(political or economic) meant that the transition from Raubwirt-
schaft to resource conservation, as indicated in Friedrich’s theory,
was far more difficult to achieve in peripheral than in core areas of
the world economy. Perhaps the case of Cuba is instructive. At the
beginning of the nineteenth century, forests covered 90 per cent
of the land area, but by 1946 it had shrunk to 11 per cent. The
expansion of sugar-growing and ranching, organised as ‘peripheral’
activities geared to the American market, was a major factor in
that contraction. Following the overthrow of the Batista regime in
1959 and its replacement, a form of forest transition was achieved.
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By the early 1980s, the forest area occupied 26 per cent of the land
surface.

The incorporation could apparently be set at various scales.
In seventeenth century Britain, for example, timber shortages in
England gave rise to widening searches and to the exploitation of
forests in the north of Scotland for naval timber. A century later,
British companies expanded their activities to eastern Europe: one,
for example, began to exploit Belorussian forests for timber in 1793.
This exploitation, as in many similar ‘expanding frontier' episodes,
was typically destructive. This was but one contribution to the
widespread clearing of the Russian forest in modern and early
modern times. From the end of the seventeenth century to 1914
about 70 million hectares of forest were cleared in European
Russia alone, including 3 million hectares between 1888 and 1908.
Growth in population coincided with incorporation into the
wider economy to unleash pressures on the forest comparable to
those in the United States last century and in the tropical world
today. One facet was the growing demand for timber in Sweden in
the second half of the nineteenth century, which could not be
satisfied from the traditional producing areas in the south of the
country and which led to ‘frontier’ development in the north and
as far east as the White Sea. On a much larger scale, the nineteenth
century colonial period in Africa and Asia, and the same era in
colonial and independent Latin America, witnessed the first impact
of the global economy as it began to penetrate the tropical forest
zone.

This incorporation may be a sufficient condition for forest
contraction, but it appears not to be a necessary one. In countries
as disparate as Scotland and China, the forest resource has been
largely exhausted even without (or before) radical changes in eco-
nomic structures or organisation. Scotland was largely deforested
even before its growing incorporation into the wider British
economy was followed by the exploitation of some of its surviving
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forests. On a much larger scale China was effectively denuded of
forest cover by the nineteenth century. This denudation took place
over a very long period, beginning as long ago as 3000 BC and
accelerating with the diffusion of bronze and then iron tools, but
most of all with population pressures in the context of deteriorating
economic, social and political orders from the seventeenth century
onwards. Most of the deforestation was caused by peasant use of
wood for fuel, building and coffins, rather than by ‘colonial
exploitation.

Perhaps the experience of countries such us Scotland and
China (as well as parts of the Mediterranean world) suggests that
when pressures on forest resources build up gradually over long
periods, the forest transition is both late and uncertain. On the
other hand, the examples of America and Japan may suggest that
a relatively sudden build-up of pressures gives rise to perceptions
that lead to effective responses and in turn to relatively early and
complete forest transitions. A sudden build-up of pressures may
lead, in other words, to a literal crisis. In theory the process of
incorporation into the world economy may thus be the impulse
that ultimately gives rise to the transition, but in practice a long
time lag is usually involved. The fact that there is usually little local
control or-political power in the newly incorporated area means
that the government action crucial in affecting the transition is
weak, delayed or completely absent.

Natural forests all but disappeared in countries such as
Scotland and China, but nevertheless there has been a form of
forest transition even in these countries. In both cases the forest
area is now increasing. In Scotland, the forest area has almost
doubled since the Second World War, while some reports indicate
that at least a partial transition may also have taken place in China.
Accordingly, the forest area in China increased from under 9 to
12 per cent between 1950 and 1981, and there are numerous reports
of ambitious and grandiose afforestation plans. On the other hand it



Historical Perspectives on Forest Resource Use : 71

is suggested by some commentators that the forest area is still
shrinking. It can safely be concluded, however, that strenuous
attempts are being made to achieve a transition, even if the
transition has not yet been successfully affected.

Perhaps the Mediterranean model can be applied to them, as
to other long-settled countries, with some validity. In at least
some of the newer lands, there are perhaps grounds for optimism
that the American model can be applied despite the vicissitudes
of colonial or imperial incorporation into the world economy,
and that a turn-round in the trend of the forest area achieved well
before forest exhaustion looms. A changing perception of the forest
resource, and a growing appreciation of recreational and preser-
vational values, underlay the American transition. Perhaps similar
shifts will eventually lead to a comparable transition in the
tropical forest.



4
The Extent and Distribution of the
Resource

We know quite a lot about the moon but do not know how much
of the world's surface is covered by forests and woodlands. This
was the despairing conclusion reached by an assessment of world
forest resources which was carried out whilst working in the
Forestry Department of the Food and Agriculture Organisation
(FAO) of the United Nations. Since the early 1970s, our knowledge
may have improved to some extent, but many uncertainties remain.
Since we do not know with accuracy and precision the present
extent of the forest resource, we cannot reliably estimate the fraction
of the original resource that still remains, nor can we evaluate the
current trends of gains and losses in relation to the global extent of
forest. Even during the last two decades, estimates of the forest
area have varied from under 3000 to over 6000 million hectares, or
from 20 to 45 per cent of the global land surface. One of the earliest
estimates, made in 1923, is not unlike some modern figures, and
is considerably lower than some of those made more recently. It
cannot be concluded from this, however, that the forest area has
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been static or increasing. Since such diverse estimates have been
suggested, it is apparent that reliable time-series data cannot
readily be assembled.

Differing definitions of forest and woodland are one of the
main reasons for the apparently conflicting estimates. As has been
suggested early, forests are extremely varied in their structure
and composition, and range from dense assemblages of trees to
open woodland and scrub. Some definitions are required to provide
context for these and other estimates. Forest and woodland is land
under natural or planted stands of trees, and in FAO statistics
includes land from which forests have been cleared but which will
be reforested in the foreseeable future. Closed forest is land with a
forest cover, with tree crowns covering more than 20 per cent of
the land area. Land under shifting cultivation is included if it is
expected to return to forest in the foreseeable future. Open woodland,
on the other hand, consists of land with tree-crown cover of 5-20
per cent of the surface area, and includes the savannah belts of the
tropics even if crown cover sometimes exceeds 20 per cent. The
most convenient and comprehensive source of statistics of the
extent of the forest and woodland resource is the FAO production
Yearbook. This publication lists areal statistics for forest and wood-
land on a country basis. The apparent degree of comprehensiveness
may to some extent be misleading, since the same data are quoted
for some countries over periods of several years, and on the other
hand major changes may occur from year to year. FAO depends
largely on the returns made by individual countries, and the degree
of precision (and indeed also of accuracy) is variable. Nevertheless,
the source remains the most convenient one in terms of availability,
completeness and frequency of cover, despite the fact that it quotes
figures only for ‘forest and woodland’ and not for ‘closed forests’.
Forest area and Distribution
The total area of forest and woodland in the mid-1980s, as listed
in FAO Production Yearbook, is just over 4,000 million hectares, or
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31 per cent of the world land surface. Of that area, between 2,500
and 3,000 million hectares (c. 20 %) are closed forest. Perhaps the
most detailed and authoritative estimate of the closed-forest area,
at the global scale, is that made to contribute to the never-completed
fifth World Forest Inventory. The work is characterised by carefulness
and comprehensiveness, but it clearly warns the reader of possible
inaccuracies, and indeed indicates the estimated level of accuracy
of his data. Few countries fall within his narrowest range of -5 to
+5 per cent, and many lie in his lowest accuracy class of from -50
to +100 per cent. Such a range of possible error is a salutary
reminder of the uncertainties that still surround our knowledge
of the world forest area, and provides a context in which his and
other estimates may he considered. Persson’s estimate of the closed-
forest area around 1970 is 2,800 million hectares; the World Resource
Institute (WRI)(1986) estimated the closed forest area to be 2,865
million hectares in 1985, compared with 2,948 million hectares in
1980. Just under 40 per cent of that area consists of coniferous forest:
WRI figures suggest that the coniferous forest is increasing in both
absolute and relative terms (from 38.0 to 39.8 % between 1980 and
in 1985), as the broad-leaved forests contract and coniferous ones
expand through afforestation und reafforestation.

As Chapter 2 indicates, both the volume of growing stock per
hectare and growth rate vary from area to area, depending on
environmental factors and forest type. On the basis of information
that he was able to assemble for 70 per cent of the closed-forest
area, Persson (1974) concluded that the average volume of standing
timber was around 110 cubic metres per hectare, and that the total
volume was around 310,000 million cubic metres, of which perhaps
100,000 million cubic metres were coniferous. The former figure
compares with one of around 400,000 million cubic metres derived
from the application of average figures to estimated extents of forest
types. To these closed-forest figures must be added timber in open
woodland areas, estimated at around 30,000 million cubic metres
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with perhaps a similar volume in trees outside forest land. His over-
all estimate for the total volume of growing stock was around
350,000 million cubic metres. This estimate should be viewed with
caution, as Persson himself carefully emphasised: his ““guestimate”
may be far from the truth.’

The distribution of closed forest and open woodland by area
and growing stock is indicated here. Among the main features
emerging from the data are the dominant position occupied by
the Soviet Union in terms of both area and volume, and the signi-
ficance of open woodland in Africa in terms of area and, to a lesser
extent, volume. The distribution of closed forest is strongly con-
centrated: the Soviet Union, Canada and Brazil account for close
on half of the total area, and the Soviet Union alone accounts for
over a fifth of the area, nearly a quarter of its growing stock, and
50-60 per cent of its coniferous volume. South America stands out
as having the most extensive closed forest in the developing world,
and Brazil comprises much of that area. Open woodland is even
more concentrated in distribution, with Africa accounting for more
than half of the area.

Countries with an extent of forest and woodland greater
than the world average are to a large degree concentrated in the
high and low latitudes, reflecting the areal dominance of the boreal
and tropical forests. Japan and Koreas stand out as well-forested
areas in mid-latitudes. Outside these exceptions, the highest per-
centages for cover of forest and woodland are found on the one
hand in Finland and Sweden, which fall largely within the boreal
forest bell, and in parts of the equatorial zone such as Surinam,
French Guiana and Guyana in Latin America; Congo, Gabon and
Zaire in Africa; and Papua New Guinea. It is noticeable that the most
poorly endowed countries are not only those of the arid and semi-
arid intermediate latitudes: Britain, Ireland and some neighbouring
countries in north-west Europe also fall into this group. The controls
on the pattern are obviously human as well as climatic.
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Forest area and population

In general terms, there is an inverse relationship between forest
cover and population density. Densely peopled countries generally
have low decrees of forest cover, while the reverse is true of sparsely
populated areas with physical environments suitable for forest
growth. For example a correlation coefficient between forest cover
and population density of -0.334 for 72 tropical countries, while much
higher co-efficients for individual continents (-0.80 for Latin America,
-0.96 for Asia) and areas (-0.80 for moist Africa). A highly significant
relationship (r2=0.62, P=0.0001) was found for the Greater Caribbean
area.

The area of forest and woodland per head of population at the
global scale is now around 0.8 hectares while that of closed forest is
little more than 0.5 hectares. For comparison, the corresponding
figures for arable land with permanent crops and permanent
pasture are approximately 0.3 and 0.6 hectares respectively. The
unevenness of the per capita distribution of both closed forest
and of forest and woodland is very pronounced.

It clearly depicts a division into the ‘haves” and ‘have nots’ in
terms of the closed-forest resource at the level of individual
countries. It is based on data assembled by Persson (1974): separate
data for closed forest are not published in FAO Yearbooks. Ratios
of more than one hectare of closed forest per head of population
are largely confined to a few low-latitude countries, and to the
Soviet Union and North America. On the other hand most of Africa
and Asia (outside the Soviet Union) have less than one-quarter of
a hectare per head, as indeed also has a group of densely populated
countries in north-west Europe. Several significant features emerge
from the pattern. One is that some tropical countries that are (or
have been) associated with dense forests and active utilisation of
the forest resource were near or below the world average even
around 1970, since when the ratio has further declined with in-
creasing population and decreasing forest area. Several countries
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in east and west Africa (for example Uganda and Nigeria) fall into
this category, as do some in southeast Asia (including for instance
the Philippines and Sri Lanka). Closed forest is a scarce resource
in both absolute and relative terms throughout much of Africa
and Asia, and not just in the areas traditionally associated with
treelessness. Huge tracts in Africa, as well as in south-west Asia,
have less than one-tenth of a hectare of closed forest per person.
Here other woodland is added to the category of closed forest.
Caution is necessary in assessing the pattern, since the definition
of ‘forest and woodland’ employed for some countries is a wide
one, embracing scrub and brushland. Few would expect the north-
west European countries, for example, to be less well endowed
with forest and woodland, on a per capita basis, than countries
“such as Iceland, Mauritania, Libya or Saudi Arabia. Nevertheless,
these north-west European countries (Ireland, the United Kingdom,
Belgium, the Netherlands and Denmark) stand out as poorly
endowed in terms of both closed forest and forest and woodland.
On the other hand significant differences also occur. Much of
Africa appears in a better light when other woodland is added to
closed forest, and this applies especially in the savannah area in
general and in the Sahel in particular. Again too much significance
should not be attached to individual countries since statistics on
the areas in question may be of doubtful accuracy, but the broad
pattern reflects the basic fact that much of Africa is much better
off in terms of open woodland than it is in terms of closed forest.
Both the volume of the growing stock in open woodland and
its annual growth are, of course, low compared with the closed
forest. Indeed volume per capita is probably a much more signi-
ficant indicator of resource potential and stress than forest area,
although it is less easily established. On the basis of Persson’s
estimates for volume, combined with 1985 estimates of population,
the world per capita volume in closed forest and forest land is
respectively around 65 and 70 cubic metres. In Africa, the figures
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fall to about 45 and 70 cubic metres, whilst at the other extreme in
the Soviet Union the ratios are around 280 cubic metres per person.
Major disparities occur even at the scale of continents and large
regions: at the intra-continental scale these disparities are of course
much greater.

The Dynamics of the Forest Area

Trends and patterns of deforestation

If uncertainty exists about the total area of forest and woodland,
our knowledge about trends in that area is even more unsure.
Huge differences exist amongst estimates of the annual rate of
forest loss. Some of these differences may arise from different
concepts of loss. For example, two careful and prestigious studies
estimated the annual rate of disturbance in tropical closed forests
respectively to be 7.4 and 22.0 million hectares in the late 1970s. A
subsequent comparison concluded that these apparently irreconci-
lable estimates could in fact be largely reconciled. One study had
estimated deforestation, whilst the other had measured conversion.
In addition, there were differences in the initial assumptions, one
study having considered all forests in the tropics and the other
only broad-leaved forests. When adjustment was made for such
differences, the remaining disagreement was minor, and hinged
largely on the use of different figures for four countries.

Data sources

In addition to possible confusion between deforestation and con-
version, there may also be problems of definition of categories. In
the FAO Yearbooks, ‘forest land’ includes areas that have been
felled but are intended for reforestation, and the distinction
between such areas and those deforested is likely to be at best
imprecise. Particular problems are encountered as woodland opens
out to grassland. Shortening rotations of shifting cultivation may
gradually reduce the forest, whilst on the other hand the gradual
encroachment of the forest onto land abandoned by agriculture
may similarly give rise to problems of definition and criteria.
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Neither increases nor reductions in the area of forest and wood-
land are easily capable of precise measurement, and therefore the
net change is the balance between estimates of two quantities
which are both likely to be subject to inaccuracies. The data on
apparent changes in area of forest and woodland that are readily
calculable from the FAO Production Yearbooks must therefore be
viewed with caution. FAO has been unable to apply vigorous
appraisal to nationally reported statistics for fear of threats to
funding, and refers to specific cases such as that of Indonesia, for
which at his time of writing the published figure for forest cover
was more than twenty years out of date and took no account of
continuing logging and shifting cultivation. The quality of data
has probably increased considerably in recent years, but in general
terms, estimates of deforestation are usually five to seven years out
of date, and while the use of remote-sensing techniques such as the
analysis of LANDSAT imagery is a major step forward, their use-
fulness may be limited by the difficulty of differentiating between
original forest and areas of regeneration, as well as by problems of
cloudiness.

With these provisos in mind, we can conclude from FAO
Production Yearbooks that the total area of forest and woodland
appears to have decreased by approximately 2 per cent during the
period from 1975 to 1985. During this period the net change has
amounted in around 80 million hectares, or an area more than
three times the size of Britain. The annual net change during the
1980s is around 5 million hectares, equivalent to around two-thirds
the size of Scotland. The definition of forest land, as discussed
earlier, is likely to mean that this figure is an underestimate of the
area cleared, as ‘forest land’ includes those areas where there is
an intention of eventual reforestation. Furthermore, data from the
Yearbooks relate to change in the aggregate forest area rather than
to deforestation. Net changes in the forest area result from the
balance between the area ‘deforested’ and the area ‘reforested’: the
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data therefore understate ‘gross’ deforestation. This important
proviso should be borne in mind in considering the ensuing figures
and discussion.

Data from the Yearbooks suggest that the annual rate of
change increased from around 4 million hectares during the first
half of the 1970s to over 10 million during the second half, before
slowing to the more recent rate. Gross deforestation is of course
very much more extensive, and net deforestation in the tropics is
likely to be greater than that in the world as a whole.

Attempts to measure rates of change encounter great problems
of source data as well as of definitions. The data concluded that
the annual rate of clearance of tropical forests around 1980 was 11.3
million hectares of which 7.5 million were in closed forests and
the remainder in open woodlands. This corresponded to around
0.60 per cent of the tropical closed forest area. Whereas Lanly
estimated that the rate was similar in the three major tropical areas,
more recently annual deforestation rates of 0.77 per cent in Africa,
0.67 per cent in Asia and 0.60 per cent in America were reported.

Of Lanly’s total area of 11.3 million hectares, 6.2 million
hectares were transferred to other land uses while the remainder
retained some tree cover. Myers concluded that a minimum of 10
million hectares is eliminated each year, and that the overall
conversion rate is around 24.5 million hectares. Some recent work
based on remote sensing in the Amazon region suggests that up
to 20 million hectares per year may be burned in that area alone
(e.g- The Times, 6 August 1988), and indicates that the rate of de-
forestation increased exponentially between 1975 and 1985. The use
of remote sensing in some other parts of the world has also suggested
that other sources may have given rise to underestimates, For
example, it has been alleged that while the forest cover of India
was officially reported to extend to 74 million hectares in the early
1980s, its extent as determined by remote sensing was only 37.9
million hectares. It must be emphasised, therefore, that there are
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serious limitations to the accuracy of the data in the FAO Production
Year-books: on the other hand the later source is unrivalled in terms
of its convenience and availability.

Patterns

The broad pattern of distribution of change from which it clearly
emerges that reductions in area of forest land are primarily
characteristic of the developing world, which accounts for some
70 million of the 80 million hectares apparently cleared between
1975 and 1985. The net change in Latin America alone is almost
two-thirds of the net global figure, and Africa also registers a large
decrease. In Brazil, forest land contracted by over 24 million hectares
between 1975 and 1985 —an area larger than the whole of Britain.
Colombia, Ecuador and Venezuela also appear to have suffered
large reductions of the scale of millions of hectares, while in Africa
the largest decreases were in Ivory Coast, Nigeria, Sudan and
Zaire. The apparent net increase in Asia results from the expansion
of forest land in China (by a reported 22 million hectares, but it is
alleged that much of the claimed afforestation indicates the target
rather than the achievement) and to a lesser degree in India: countries
such as the Philippines and Malaysia experienced substantial de-
creases. These trends between 1975 and 1985 merely continue
those that have been operating for several decades. For example
in Sri Lanka, natural forest cover shrank from 50 to 24.9 per cent
between 1950 and 1981. In Thailand, forest cover decreased from
70 per cent in 1945 to 53 per cent in 1961 and 18-19 per cent in
1988.

Reforestation and afforestation.

If dwindling areas of forest land are a characteristic of much of the
developing world, much of the developed world has undergone
expansion. This is particularly true of Europe and the Soviet
Union. Expanding forest land appears to be a particular feature
of the centrally planned economies. The reported increase in the
Soviet forest area between 1961 and 1978 amounted to 52 million
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hectares, or more than twice the entire land area of Britain. The
pattern >f annual cut and replanting, however, indicated that the
forest area should have been declining, and at least some of the
reported change may be more apparent than real. Barr (1988)
suggests that increases in the total forested area and volume of
growing stock may reflect changes in survey techniques more than
real changes in these parameters. Even if expansion in the Soviet
Union and China is overstated, however, perhaps a three-world
model can be applied effectively, with expansion and contraction
characteristics respectively of the ‘Second” and ‘Third’” worlds,
and a mixture of expansion and contraction in the ‘First'.
Patterns of change
A more detailed spatial pattern of change in forest land is depicted
here. Here the note of caution about the validity and reliability of
statistics for individual countries needs to be sounded yet again:
while the overall pattern is probably valid, over reliance should not
be placed on the values shown for small areas. It should also be
emphasised that the change is net, and is based on data in FAO
Yearbooks. It is likely, therefore, to understate gross deforestation.
At the general level, forest contraction is shown to be almost
ubiquitous in the tropics. The whole of central America from the US
border to Ecuador, with the sole exception of Panama, experienced
a loss of 10 per cent or more during the period from 1975 to 1985,
together with large areas in the Sahel and west Africa, and part of
south-east Asia. While high percentage rates of change are most
likely to be found in small countries, the spatial propinquity of the
areas in question is a notable feature. Furthermore, comparison
with data for the decade of the 1970s suggests that the ‘high loss’
areas are expanding. Mexico, Guatemala and Ecuador have been
added to the Latin America group and Malaysia has joined the
‘high’ group of Thailand and Indonesia in south-east Asia. Out-
side the tropics, reductions in forest land are most notable in the
United States and Australia, where high agricultural prices in the
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1970s and early 1980s contributed to forest clearance, and a few
other small and isolated areas. In the case of the United States, al
least part of the forest loss incurred during the 1970s may soon be
replaced under a programme for the afforestation of crodible
cropland.

The association between forest contraction in the tropics and
expansion in the higher latitudes is reflected at the continental
and national levels in South America and Africa, as well as at the
global scale. High rates of increase are mainly confined to countries
where the forest area is small. Almost all the centrally planned
economies, including the Soviet Union and eastern Europe as well
as China, stand out as areas of apparent forest expansion. Similarly,
almost the whole of Europe, with the exception of Austria and
the Benelux countries, has seen expansion even in the period before
the agricultural surpluses of the mid-1980s began to encourage a
faster transfer of land into forest. This trend applies even in countries
such as Iceland, which is not traditionally associated with extensive
forests. Its case, incidentally, illustrates the general point about
the deficiency of data on which it is based. The source indicates
no change in forest area, but other reports suggest that by 1987,
some 41,000 hectares were enclosed for afforestation, of which some
5,000 hectares had already been planted. Previously, the extent of
Icelandic birch woods had decreased by a factor of ten since the
early eighteenth century, with the clearing of wood-lands for
fields, fuel and lumber.

Trends in forest area clearly do not exist in isolation, but are
closely interrelated with trends in agricultural area. In particular,
a relationship appears to exist between arable and forest areas,
where arable and forest trends are plotted for a large group of
countries. Most of these countries are located in the parts of the
graph indicating arable expansion combined with forest shrinkage,
and vice versa (despite the fact that these two categories of land
cover comprise just over 40 % of the total land area). Most European
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countries occupy the top left quadrant of the graph. In France, for
example, the forest area has increased from 20 per cent of the
land area in 1959 to 27 per cent in the mid-1980s. In the Netherlands,
the forest area has grown from 250,000 hectares during the Second
World War to 330,000 hectares by the mid-1980s. Most developing
countries, on the other hand, are in the lower-right part, indicating
a combination of agricultural expansion and forest contraction.
Population trends and deforestation

The patterns suggest a relationship between forest trends and
population trends at the global scale, and an example of a similar
relationship at the national scale. In countries with rapidly expanding
populations the forest land area is rapidly contracting. Conversely,
where the population is stagnating or growing only slowly, forest
land is expanding. Probable errors in the published data values
for both population and forest land area complicate the measure-
ment of the statistical correlation between these two trends, but
significant relationships between population growth, expansion
of the arable area and contraction of the forest land area have
been confirmed for developing countries. On the basis of data from
FAO Production Yearbooks, it has been concluded that recent popu-
lation growth and change in arable area are associated with de-
forestation and also show that the relationship is stronger in Asia
and Africa than it is in Latin America, where presumably other
factors play relatively stronger roles. Over the longer term, a similar
relationship has been reported for Parana State, Brazil, between
1900 and 1973 although few details are presented.

The implication is that agricultural expansion in response to
population growth is a major factor influencing or determining
forest clearance, and probably the predominant one. In addition,
forest clearance means that supplies of fuelwood may decrease in
some areas, leading to the increasing use of crop residues and dung
as fuel and hence declining agricultural yields and thus further
pressure for forest clearance. This may be an oversimplification,



The Extent and Distribution of the Resource : 85

since some dung could be used for fuel during the non-growing
season without undue effect on crop yields. On the other hand
fuelwood collection may itself be an agent of deforestation if the
population pressure is high and the forest growth rate low. Open
tree formations such as those in savannah areas are usually the most
likely to be affected by this process. The likelihood of deforestation
from this cause is perhaps greatest around cities, especially in the
Sahel and in India. In the case of the latter, forest cover within 100
kilometres of India’s major cities decreased by 15 per cent or more
in less than a decade. The effects of this pressure, however, are not
confined to the vicinity of cities: the production of charcoal can
| affect forests far from the centres of consumption.

If there is a causal relationship between population growth
and deforestation then there are two important implications. First,
if population growth is the driving-force behind deforestation,
then an increasing area of forest is likely to be cleared each year
in response to it. Even if the absolute area cleared were constant,
this would represent an increasing proportion of the dwindling
forest area. Al first a given area of deforestation might represent
a very small percentage of the total area, but subsequently that
percentage would rapidly increase. An accelerating decrease in
the forest area may therefore occur. Since the later stages of defores-
tation may be so rapid, it is thus perhaps not surprising that some
countries can effectively be almost completely denuded of forest
before remedial action begins. Even so, deforestation appears un-
likely ever to be complete: small residual areas are likely to be
perceived to have high conservation value and in any case are
likely to be located in inaccessible areas where there is a measure
of insulation against both agricultural and commercial forces.

Second, the patterns combined with the concept of inter-
relationship between population and forest trends and the historical
background of the use of the forest resource as sketched in
Chapter 3, points to a sequential model of forest trends. During
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periods of rapid population growth, the forest area is likely to
contract, while during periods of relatively stable population it is
likely to stabilise or even to expand. Forest clearance in nineteenth
century Europe has now given way to forest expansion, and the
high rates of forest destruction in the second half of the nine-
teenth century in North America have not been matched in the
second half of the twentieth century. While precise, quantitative
evidence to refine and evaluate the model is scarcely available at
the national level, far less at the global scale, it is tempting to
speculate that the model may also be valid globally, and that at
present we are in a phase corresponding to that of parts of Europe
and North America a century or more ago. The problem lies in
predicting when and how the downward curve of the forest area
will ‘bottom_out’, and whether it will do so while significant
areas of forest still survive.

Third, it should perhaps be emphasised that the relationship
between population trends and deforestation is neither especially
close nor deterministic. An association between the variables can be
demonstrated, but this association may itself vary through time,
as in the case of the United States, and other factors such as the
upheavals created by war, revolution and political reorganisation
as well as more gradual changes in both popular and governmental
attitudes may be followed by dramatic changes in forest trends.
To attempt to portray the forest area “transition’ as a mirror image of
the population transition is therefore an oversimplification, although
this is not to say that it is devoid of validity
Causes of deforestation
The dominant trend in forest area at present is that of deforestation,
which is largely concentrated in the tropical zone. Trends in tropical
forest areas are discussed further later, here the major causes of
deforestation are outlined briefly. At an early implication, an inverse
relationship appears to exist between trends in population and
the forest area. This relationship, however, is far from perfect.
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Several factors account for the imperfect nature of the statistical
relationship between population trends and de-forestation. One
is that the pressure of population growth on the forest may be
expressed in the form of shifting cultivation or of sedentary agri-
culture, and that different effects may result. The former is believed
to account for around 45 per cent of the annual rate of loss of
tropical forest. Shifting cultivation is identified as the principal
cause of deforestation in all three tropical regions, accounting for 70,
50 and 35 per cent respectively in Africa, Asia and tropical America.
About 500 million people and 240 million hectares of closed forest
are involved in shilling cultivation, which is increasing at an average
annual rate of 1.25 per cent. More than 5 million hectares of new
forest fallow are being created annually. As population increases,
fallow periods grow shorter and forest recovery between periods of
cultivation becomes impossible.

Another factor is that forest clearance occurs for reasons that
are related to internal fiscal or development policies or to export
markets in the developed world, rather than to population growth
in the developing world. This may be one of the factors that accounts
for the existence of a weaker relationship between population
trends and deforestation in Latin America than exists in Africa
and Asia. Large tracts of tropical forest in Latin America have
been cleared for cattle-ranching to produce cheap beef for North
America, although in recent years beef exports to the United States
have decreased as a result of a combination of factors including
decreasing beef consumption as well as political tensions in Central
America.

Deforestation for conversion to pasture, however, is not only a
result of international commodity markets— the so-called ‘ham-
burger connection’ but also occurs for domestic reasons, especially
in Brazil. Forest clearance for cattle-grazing has been carried out
by small peasants as well as by large ranchers, not least in order to
strengthen land claims and secure fiscal incentives and tax holidays.
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In addition, the market value of cleared land increases, and forest
removal may be a hedge against inflation. Browder (1988) suggests
that the rate of forest conversion is positively correlated with
Brazilian inflation. Even although cattle-ranching per se may not
be economic in Amazonia, the related economic circumstances are
a powerful driving-force for deforestation. Real-estate speculation in
particular is a major factor.

Conversion to pasture has been identified as the foremost
cause of deforestation in Brazil, accounting for 72 per cent of the
forest clearance up to 1980. This compares with a contribution of
10 per cent from small farmers and shifting cultivators. It is
believed that at least 325,000 square kilometres of Latin American
tropical forests were cleared for pasture between 1962 and 1985,
and at least in the case of Brazil, almost none of the wood cleared
was disposed of as commercial timber. According to Myers, this
represents a lost timber value of over $10 billion. Much of the
Brazilian forest clearance for pasture development was encouraged
indirectly by the development authority, the Superin-tendancy of
Amazonia (SUDAM): merchantable timber was recovered on
only 18 per cent of SUDAM-assisted ranches, and the loss of timber
on these ranches alone is estimated at over 200 million cubic metres,
perhaps representing a social opportunity cost of $1 billion to $2
billion.

Forest clearance for pastures and for export-oriented commercial
agriculture is not confined to modern Latin America, it occurred in
areas such as Burma and the Philippines during the nineteenth
century, and has continued in recent times in countries such as
Ivory Coast and Nigeria.

Large-scale commercial clearance may occur alongside peasant
colonisation and government-sponsored settlement schemes for
small farmers, as in the case of Brazil. Deforestation for subsistence
production is not a major cause of deforestation in Brazil at present,
but land cleared by small-scale farmers may in turn be amalgamated
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into larger farms or ranches, and the process of small-scale clearing
repeated. The government-sponsored ‘transmigration” of millions
of Javanese to outlying parts of Indonesia, including Sumatra,
Kalimantan and Sulawesi, has resulted in extensive forest removal,
perhaps amounting to 3 million hectares, in these areas. Defores-
tation may also be carried out in some areas as evidence that a
government has taken steps to establis: an interest, and hence
sovereignty, in a frontier area. Such action is reported, for example,
from southern Venezuela.

Timber production in general and commercial logging in
particular may also be contributory factors. In some areas this has
as yet been a minor factor. In Brazilian Amazonia, for example,
loggers remove around 4 million cubic metres annually —around
0.01 per cent of the areas, 50,000 million cubic metres of timber.
Commercial logging is rapidly becoming a major disturbance even
in Amazonia, however, as the forests in other parts of the tropics
are depleted. In parts of south-east Asia timber production has been
a much more significant factor.

It is also founded that per capita wood production was not
significantly related to change of forest area in their ‘short-run’
model, but when they allowed for a time lag effect by relating
wood production in 1968 to change in the forest area over the
following decade, their conclusion was that wood-harvesting does
result in deforestation, albeit with a delayed effect. In their analysis,
harvesting for both fuel and export was considered. Commercial
logging, often geared to export markets, may be an important
cause of deforestation at the local or national scale if reforestation
is not enforced, even although it is not a major factor at the global
scale. And even if logging is not significant as a direct cause of
deforestation, it plays a vital part in a two-step process. Commercial
loggers construct roads in order to extract timber, and thereby
greatly improve accessibility. Settlers or forest farmers can than
move in and proceed either to clear parts of the forest or to prevent
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its regeneration. In more general terms, the construction of roads
and the resulting change in forest accessibility is a major factor in
deforestation: for example a link recent acceleration of deforestation
in part of Amazonia to the paving of highway BR-364 and the
consequent surge of migrants.

Various other factors may contribute to deforestation. Over-
grazing has been damaging in some parts of the world, especially
in mountainous areas such as north Pakistan and in open or dry
forests such as those of Saudi Arabia. Fire is also a major hazard,
especially in parts of southern Europe: in Greece, for example, 25,000-
120,000 hectares are damaged or lost each year through fire, urban
growth or agricultural expansion, while reforestation averages
only 3,000-4,000 hectares. Political instability or strife may also be
a contributory factor. In Pakistan, for example, the resettlement of
Afghan refugees resulted in the destruction of forest, and Pakistani
nationals took advantage of the confusion to participate in illegal
logging. In southern Africa, incendiarism arising from disgruntle-
ment amongst the rural population has damaged the Zambezi teak
forests, as have accidental fires started by cultivators, honey gatherers
and hunters.

During the Vietnam conflict, an area of around 1.25 million
hectares was sprayed with herbicides and defoliants, and more
than 4 million hectares were damaged by shells. In the south, 5.6
million hectares of upland forest were damaged, but more forest—
around 200,000 hectares per year —has been lost in Vietham since
the war than during it. There is a long history of destruction of
forests during wars. This dates back to classical times (Chapter 3)
and probably earlier. More recently, vast areas of forest in Pome- !
rania were cut down by the Swedes during the Thirty Years War,
with the result that many districts were invaded by sand dunes.
In the Soviet Union, forest depredation by the Japanese was suffered
on Sakhalin between 1905 and 1945, and 20 million hectares of
forest were fallen or destroyed in areas occupied by the Nazis or



The Extent and Distribution of the Resource : 91
subject to military activities.

Elsewhere, urban expansion may encroach on forest land. In
the United Stales, the rate of conversion of forest land to urban
uses increased dramatically during the 1970s, and amounted to
almost 250,000 hectares in 1981. At the global scale the area of
forest affected in this way may be small, but the forest land affected
may be of prime quality and the loss of timber production dispro-
portionately high.

It is apparent, therefore, that several factors contribute to
deforestation. Myers (I980a) has attempted to estimate their relative
importance in terms of area. Of his estimated conversion (as opposed
to deforestation) rate of 245,000 square kilometres per year, he
estimates that commercial logging combined with follow-on culti-
vation accounts for 200,000 square kilometres, commercial logging
alone between 19,000 and 29,000, fuelwood-cutting 25,000 and
ranching 20,000 square kilometres.

The relative importance of these factors varies from place to
place, and such estimates may have little validity at the national
level. The nature of deforestation at all levels from the global to
the local level is very complex. This is shown by the case of Jamaica.
As the data indicate, a variety of causes including commercial and
peasant cultivation, logging and the creation of coniferous plan-
tations have all contributed. The compiler of data is careful to set
them in context by referring to the possibility of cyclical trends related
to climatic variability and to economic conditions. An illustration
of the possible significance of climate change or fluctuation in
relation to woodland area comes from Mauritania, from where it
is reported that drought during the 1970s seriously depleted the
riverine woodlands, with the result that almost 7,000 out of a total
of 16,000 hectares were lost. Economic fluctuations were also asso-
ciated with fluctuations in the forest area in the past: for example
Eyre indicates that Jamaica had a smaller forest area in the plan-
tation era than it has at present: during the second half of the
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nineteenth century regrowth occurred over substantial areas.
Changes in the forest area may therefore be complex in terms of
cause and amplitude: although the long-term trend may be down-
wards there may also be periods of regrowth, at least at the local
or national scale.

Causes of afforestation

At the global scale, expanding forest area is correlated with low
rates of population growth, in the same way, as deforestation is
associated with rapid growth. In many parts of the developed
world, areas that previously suffered rapid deforestation are now
undergoing reforestation. In the French Alps, for example, extensive
reforestation has occurred both by natural regeneration and by
planting. It followed a decrease in population, the abandonment
of agricultural land, and a reduction in numbers of grazing animals.
In the Alps and in many other parts of the developed world,
population growth in the eighteenth and nineteenth centuries led
to an expansion of the agricultural areas and increased agricultural
pressures in previously wooded areas. More recent times have seen
an abandonment of many of these agricultural areas and regrowth
of the forest. Furthermore, afforestation has been carried out, or
encouraged, by governments as a means of reducing the agricultural
area at times of overproduction, of providing protection against
erosion, or of building up reserves and supplies of timber. Until
recently, most afforestation was carried on poor or marginal agri-
cultural areas, but there are now indications that it is extending
onto better qualities .of land in countries such as New Zealand,
Britain, and other parts of the European Community.

Long-terk forest trends

If there is great uncertainty over the present dynamics of the
forest area, our knowledge about historical rates of deforestation
is even more deficient. It has been attempted to compare the present
extent of forest and woodland with the ‘pre-agricultural’ extent,
using numerous atlases complemented by satellite imagery. Most of



The Extent and Distribution of the Resource : 93

the atlases from which she worked were published during the
1960s and 1970s, and probably rely heavily on considerably
earlier data. The results of such an exercise are, of course, no more
robust than the original data, but they are nevertheless interesting.

The estimated reduction in the area of forest and woodland is
approximately 900 million hectares, or approximately 15 per cent.
Of this reduction, around 775 million hectares came from forests,
and the remainder from woodland. A feature of her figures is the
small reduction reported for the tropical rain forest. This amounted
to only 50 million hectares or around 4 per cent of the ‘pre-
agricultural’ extent, a similar reduction is indicated for the boreal
coniferous forest. The clearing of mainly deciduous forests in Europe
and the eastern United States, and of temperate evergreen forests
in Asia, accounts for most of the reduction. Nevertheless, none of
the conversion figures mentioned in the data exceeds one-third.
These results seem low in comparison with current rates of change,
and Sommer (1976) has suggested that the reduction in the tropical
rainforest area alone may have amounted to 40 per cent. They
nevertheless appear to be in broad agreement with the estimates
of Wiliams (1989b), who concluded after assembling historical
data on deforestation that a total of between approximately 750
and 800 million hectares had been cleared.

Such estimates can be interpreted in various ways. On the one
hand, the apparent fact that around 85 per cent of the original
forest area has survived to the second half of the twentieth century
(at least in extent, if not necessarily in terms of composition) is a
useful counterbalance to current fears about the fate of the world
forest. On the other hand, an area of around 400 million hectares
of forest and woodland may have been cleared between 1860 and
1978. The area of forest and woodland may thus have contracted
as much during the nineteenth century as it did throughout earlier
times. Furthermore, a net contraction of around 5 million hectares
per year (as indicated by statistics in FAO Yearbooks) would indicate
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an accelerating rate of loss, even within the modern period. And
it should be borne in mind that estimates of the annual gross loss of
forest may be several times greater. The theme of accelerating loss
is highlighted by comparing estimated reduction of the area of the
tropical rain forest (4%) with recent estimates of annual loss of around
0.6 per cent, or even more strikingly by comparing her “historical’
figure of around 50 million hectares with estimates of recent annual
losses of at least 7-11 million hectares.

Whilst it is impossible to construct a reliable set of global time-
series data for the changing forest area (even with a time-scale of
only a few decades), it is probable that rates of deforestation have
closely paralleled rates of population growth at the medium- and
long-terms as well as in the shorter-term. If the historical relation-
ship between population and forest area persists, it seems unlikely
that the later will stabilise before the former does so, perhaps well
over a century from now. Any projection of historical trends to that
time is completely speculative: such an exercise, however, would
suggest that a further 15-20 per cent of the ‘original’ area might
disappear. Optimists may prefer to think in terms that such a
projection would still indicate the survival of around 70 per cent
of the ‘original’ area. At a net rate of contraction of 5 million
hectares per year, the estimated 2,800 million hectares of closed
forest would disappear in 560 years (assuming rather unrealistically
that all the contraction would be concentrated in the closed forest).
More strikingly, the straight-line projections of Lanly’s figures
indicate the complete disappearance of the tropical rainforest by
2057. While there is, of course, no logical reason why such extra-
polation should have any predictive value, it is rather disconcerting
that the projected end of the forest should be so imminent, when
human pressures throughout history have as yet caused the
removal of perhaps only 15-20 per cent of the ‘original’ forest.
Plantations
Plantations constitute a significant but inadequately known part
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of the world forest area. Many countries have adopted forestry
policies which have incorporated elements of plantation establish-
ment, especially during the twentieth century. Such policies have
frequently been motivated by concern about forest trends (nationally
or globally) and their perceived implications for timber supplies.
Fears of timber famine or shortage have underlain policies of this
nature in settings as diverse as the United States during the 1920s,
in New Zealand in the same decade (Roche, 1986) and in Britain
around 1980. A related goal is to achieve complete or increased
self-sufficiency. In Venezuela, for example, around 200,000 hectares
of plantations had been established by 1986, with the goal of self-
sufficiency of raw material for pulp and paper. On the other hand
the export potential for forest products may also be a motivating
factor, as in the cases of New Zealand in the 1970s and Chile. En-
vironmental protection has also been a motive for planting in
some instances, such as, for example, in the French Alps. What-
ever the driving-force may be, plantations may be created by
government itself through state forestry services, or encouragement
for afforestation may be offered in the form of planting grants
and tax incentives. There may also be less direct incentives for
landowners to afforest in some countries, in Ecuador, for example,
forest land is likely to be safeguarded against land reform and some
landowners may carry out afforestation for this reason.

No convenient source of data such as the FAO Production Year-
books exists for plantation areas, and most of the available compi-
lations are based on diverse sources that relate to a variety of dates
and are based on uncertain or differing definitions. Sometimes plan-
ting and regeneration are not clearly distinguished. Plantations
may include both reforestation immediately after falling and the crea-
tion of new forests on land that at least in recent times (sometimes
defined as within fifty years) has not supported forests, and it is not
surprising that different definitions are adopted in different countries.

Despite these problems of data sources, there is some agreement
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that the total area of plantations world-wide in the early to mid-
1980s was in excess of 100 million hectares, or approximately 3 per
cent of the closed forest area. Evans (1986) estimates the area as
between 120 and 140 million hectares, while in the early 1970s
Persson (1974) assembled data, which he emphasised varied greatly
in quality, indicating that the total area of man-made forest then was
around 95 million hectares. That figure compares with an estimate
of 81 million hectares in 1965.

Some have compiled estimates for the world-wide area of
industrial forest plantations around 1985; these indicate that the
total amounts to approximately 92 million hectares. To the later
should be added areas of plantations established for fuelwood,
environmental protection and other non-industrial purposes, for
example 40,000 hectares/year or just under half of the total affores-
tation effort in Africa in recent years has been for these purposes,
world-wide, 54 per cent of tropical plantations in the late 1970s
were intended for industrial purposes and the remainder for fuel-
wood, environmental protection, and a variety of minor purposes.
Lanly quotes broadly similar proportions of 60 per cent industrial
and 40 per cent non-industrial.

The total annual rate of planting world-wide is uncertain,
not least because of problems of definition and in particular of
distinguishing between different forms of regeneration and between
reforestation and afforestation. It was estimated by the World
Resources Institute (WRI, 1986) that by 1980, 14.5 million hectares
of forest land had been reforested or renewed annually. This is
likely to represent an overestimate of the area actually planted.

Plantations are very unevenly distributed. While some un-
certainty may surround the extent to which the establishment of
plantations in the Soviet Union and China has been successful,
together they account for over 40 per cent of the plantation area.
Europe, Japan and the United States are the other major areas,
each having around 10 million hectares or more of industrial
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plantations. In Europe, Sweden alone has in excess of 5 million
hectares of plantations.

It is notable that the four largest individual countries in terms
of plantation area lie wholly or mainly in the temperate zone, as
indeed do the majority of the countries listed above. Probably
less than one-quarter of the plantation area lies within the tropics.
Tropical regions account for around 17 million hectares if China
is excluded but that figure may rise to nearer 25 million hectares
if southern China and other countries just outside the true tropics
are included. Much uncertainty surrounds plantation area and
planting rates in China. One estimate of the open-land area
planted between 1950 and 1983 is as high as 124 million hectares,
with a further 8.8 million hectares having been planted following
logging in natural forests. The same source estimates recent planting
rates averaging 4-5 million hectares per year. In addition, ‘four
sides’ planting along rivers, roads, houses and streams amounted
to 9.5 billion trees in 1981-2. In 1981 it was resolved that all Chinese
citizens above the age of eleven years should be obliged to plant
three to five trees each year. Although the reported planting rates
are very impressive, survival rates have been low. They averaged
only 31 per cent over the period from 1950 to 1983. It is officially
claimed that 65 per cent of trees planted survive, but some estimates
are as low as 10 per cent.

In some north-west European countries and Japan, there is a
long tradition of forest-planting, extending back for several centuries.
Most of the plantation area, however, has been established during
the twentieth century. In Sweden, for example, a rapid increase in
the replanting rate has occurred over the last fifteen years. Even in
countries such as Japan with long traditions of forest expansion
(Chapter 3), many of the plantations are comparatively young; a
programme of reafforestation involving approximately 10 million
hectares began alter the Second World War. Peak planting rates of
over 400,000 hectares were achieved in the 1950s and early 1960s, as
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compared with post-war averages of around 200,000 hectares.
Planting rates fell by half during the ten years prior to 1983. This
decrease was related to an economic depression in Japanese forestry
resulting from the effects of timber imports.

Much of the 12 million hectares area of plantations in the
United States was planted in the south-east of the country during
the 1930s. The annual area planted or direct-seeded in the United
States increased from 200,000 hectares in 1950 to 800,000 hectares in
1978. The agricultural Conservation Reserve Programme introduced
in the mid-1980s may lead to the planting of millions of hectares
of farmland, and is potentially one of the biggest afforestation exer-
cises in American history. In countries such as the Soviet Union
and Canada the replanting of forests is of recent origin. In the former,
annual rates of forest establishment by seeding and planting in-
creased from 582,000 hectares in 1955 to 1.33 million hectares in
1981. In Canada, little attention was paid until recently to regene-
ration of cut-over areas, and the remaining forest stands became
increasingly remote from mills. This has led to a rapidly expanding
programme of replanting or regeneration. The total area planted
per year increased from 128,000 hectare in 1975 to 192,000 in 1982, of
which nearly half was in British Columbia. In British Columbia,
the annual planting rate doubled between 1973 and 1983. Even
s0, little more than half of the area logged in 1983-4 was replanted.
Despite recent increases in replanting rates, over 450,000 hectares
of forest land in Canada go out of production annually as not
being satisfactorily restocked with commercial species. Only about
20 per cent of the area cut each year in the late 1970s and early
1980s was replanted.

Substantial expansion of plantations in the form of new or
replacement forests has also occurred in Europe. In Sweden and
Finland, for example, over 170,000 hectares and over 100,000 hectares
per year respectively were being planted by the early 1980s. The
forest area in Hungary increased by nearly 50 per cent between
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1950 and 1980, and the planting rate in Bulgaria has exceeded
40,000 hectares per year.

One of the most spectacular increases in the plantation area
is in Brazil, where the plantation area increased from 500,000 to
3.7 million hectares between 1966 and 1979, and which has subse-
quently grown to over 5 million hectares. During the 1970s, Brazil
established over 250,000 hectares of plantations per year. Most of
this planting was carried out by private companies benefiting from
the tax-saving incentives of forestry investment. An incidental
effect of this type of incentive has been the dominance of large-
scale investments and large plantations. Another South American
country in which the plantation area has rapidly expanded is
Chile. Over 300,000 hectares of pine plantations were established
by 1974, largely through the government-owned National Forestry
Corporation. Planting accelerated to 77,500 hectares per year
during the second half of the 1970s, and by 1985 the area had
expanded to 1.1 million hectares, largely because of the incentive
of a 75 per cent reimbursement of costs incurred by the private
sector in establishing and maintaining plantations. Over 100,000
hectares were reforested in 1976, but by the end of the decade the
rate had fallen to about 50,000 hectares as the National Forestry
Corporation was phased out. There has also been rapid expansion
in South Korea and in countries such as New Zealand, where
planting targets increased from 9-12,000 hectares per year in 1958-9
to 45,000 in 1981. Annual planting rates averaged 44,000 hectares
between the mid-1970s and mid-1980. In New Zealand afforestation
grants met 45 per cent of establishment costs, but were with-
drawn in 1986. In Tasmania, planting rates increased from under
20 hectares per year prior to the early 1970s to over 1,500 hectares
per year by 1982-4. This increase is attributable to the advent of a
ready market for eucalyptus pulpwood with the growth of export
woodchipping, and the introduction of planting assistance schemes.

Numerous other countries are also engaged in planting



100 : The Extent and Distribution of the Resource

programmes which although modest in absolute terms are very
significant in relation to the national forest area. For example,
afforestation is proceeding in Israel at a rate of about 2,500 hectares
per year, and over 60 per cent of the national forest urea now
consists of plantations.

Although 1.0-1.2 million hectares of new plantations are now
established annually in the tropics, subtropical and non-tropical
areas account for most of the plantation area and also for much of
the current planting. Nevertheless, the tropical plantation area has
been rapidly expanding in recent years. The establishment of
plantations in the tropics began in the Indian subcontinent in the
mid-nineteenth century, but until recently the area of tropical
plantations was very small. More than 90 per cent of the plantations
existing in 1980 were created after 1951 and 40 per cent of the area
after 1975. Between 1965 and 1980 the forest plantation area in the
tropics trebled from under 7 to almost 18 million hectares. Evans
defined the tropics as lying between 27 degrees north and south of
the equator. The tropics’ share of the world plantation area in-
creased from 8 per cent in 1965 to 13 per cent in 1979. This trend
is likely to continue as more countries embark on planting pro-
grammes. For example, it was decided in 1981 that 188,000 hectares
of forest plantations should be established in peninsular Malaysia,
to offset a projected wood deficit and to reduce pressure on national
forests. By 1988, 29,000 hectares had been planted. In Indonesia, it
is projected that 4.4 million hectares of timber estates, consisting
partly of fast-growing pines, will be established between 1985 and
2000. In East Kalimantan, a programme aimed at establishing
fifteen estates each of 50,000 hectares of industrial plantations has
been agreed, together with the rehabilitation of 60,000-70,000 hectares
of logged areas by enrichment planting each year.

Within the tropics, some forest areas have been cleared for
industrial plantations but most of the plantations are on savannah,
cerrado or other forms of grassland that has not been forested in
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recent times. A complex pattern of transfer may occur whereby
forest is cleared for agriculture, and eventually, after the abandon-
ment of cultivation and reversion to grassland, afforestation takes
place. An illustration of this process comes from Ecuador, for
instance, high-altitude natural forest is eventually replaced, after
clearance, abandonment and reversion to grassland, by plantations.
Huge areas of tropical grassland are physically suitable for planting,
some of which were at one time wooded and at another cultivated,
and it is in this zone that much of the expansion of the forest area
is likely to occur in the foreseeable future.

While the plantation area is growing at an accelerating rate,
it is apparent that it matches the rate of deforestation in neither
aggregate nor spatial terms. As has already been indicated, the
net deforestation rate has in recent years been running at an annual
rate of at least 5 million hectares, and the areas of deforestation
and reforestation coincide at neither the global nor the national
scales. Most of the deforestation is concentrated in low latitudes,
while much of the reforestation is in the temperate or subtropical
zones. Some tropical countries such as the Philippines claim that
reforestation now exceeds deforestation, but the experience of
Nigeria, where deforestation exceeds reforestation by a factor of
ten, is more typical. A similar ratio is reported for the tropical
world as a whole, while in individual continents the ratio ranges
from 1:29 in the case of Africa to 1:4.5 in Asia. In countries such as
Brazil, most of the deforestation is in Amazonia, while most of the
new plantations are in the south of the country. There are, of course,
some exceptions to this generalisation, such as the huge planta-
tions at Jari. Deforestation and reforestation are typically separated
in both time and space, and it is apparent that the creation of
plantations is not a substitute for the loss of natural forests.

This latter point applies in terms of species composition as well
as area. Modern plantations are typically simple in composition,
and indeed are frequently composed of a single species. Species of
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Eucalyptus, Pinus and Tectona account for 85 per cent of all plantations
in the tropics, and in countries such as Brazil almost all the now
forests are composed of either eucalyptus or pine, which, comprised
plantations amounting to 3.8 million hectares by 1979. It is estimated
that a total of nearly 1.5 million hectares of southern pine species
alone were planted world-wide in 1985. A few species also dominate
plantations in temperate and subtropical zones; for example plan-
tations in Chile and New Zealand are composed mainly of Pinus
radiata, while in the higher latitudes of Britain and Ireland Picea
sitchensis and Pinus contorta play dominant roles. The later species,
of North American origin, is also widely used in Swedish plantations.

While plantations cannot replace natural forests either in terms
of area of composition, they can play crucial roles in the overall
pattern of forest resource use. As was indicated in Chapter 2, they
are characterised by high productivities compared with natural
forests in similar environments, and they are playing an increa-
singly important part in the supply of industrial wood in particular.
In Latin America, for example, industrial plantations make up
less than 1 per cent of the forest area but account for 30 per cent
of industrial wood production, this proportion will rise to at least
50 per cent by the end of the century. In Australia, production from
plantations will begin to exceed that from native forests sometime
between 1990 and 2000. In the United States, where at present around
14 per cent of the commercial forest area is in the form of plan-
tations, it is expected that plantations will account for half of the
wood-fibre production by 2000.

Especially in relation to the production of industrial wood,
therefore, the significance of plantations is disproportionate to their
area. By offering the possibility of supplying large quantities of
timber from relatively small areas of land, they may help to reduce
at least one of the pressures on the natural forest and hence help
to slow down its rate of contraction.



5
The Control and Management of the
Resource

The use of the forest resource depends on the way in which it is
controlled. The nature of this control, and in particular the form of
ownership, provides the essential link between the forest resource
and its use. Regimes of control or ownership also have a strong
influence on the condition of the resource. Whilst the relationship
between control, use and condition of the resource is not constant,
broad correlations exist between systems of control and patterns
of use. It is also clear that some forms of control are more likely than
others to be associated with destructive exploitation. In particular
sudden and abrupt changes in control systems may trigger phases
of resource destruction or degradation.

Political history determines the character of landownership
in general and the control of the forest resource in particular. In
addition, political factors determine the degree to which regulation
is imposed or influence exerted on private forest owners. The
political background to forest resource use is therefore of profound
and fundamental significance, and without an awareness of it



104 : The Control and Management of the Resource

little understanding of current forestry issues can be achieved.
The nature of ownership and tenure influences the objectives of
use of the forest resource and the nature of its management. In
the United States, for example, national forests are managed for a
variety of purposes, of which timber production is only one.
Ownership by the forest-products industry, on the other hand, is
characterised by the primacy of timber production and of economic
criteria. Ownership by farmers and other individuals is usually
intermediate in character. The person or organisation in immediate
control of the resource may in turn be subject to various external
constraints such as government regulation. The type of control
exercised by government is of obvious significance in terms of
regulating the extent of use and the nature of forestry practices.
The prevailing pattern of control of the forest resource has
altered through time in most countries. The nature of this alteration
varies in detail from area to area, but broad evolutionary patterns
can be identified. These patterns consist of different phases, which
frequently but not always follow each other in regular order. The
chronological timing of these phases is highly variable, as is their
respective durations. In general terms, however, a regular sequential
pattern can be discerned in many parts of the world.
Ownership
Inadequacy of data
Since neither the forest area nor its rate of change is known
precisely, it is not surprising that uncertainty surrounds the nature
of ownership and tenure of the forest resource. Detailed statistical
information on the structure of forest ownership is available for
some countries, but for many others our knowledge is deficient
in detail or quality. For many countries only a crude breakdown
into the public and private sectors is available, and there is little
information on the relative extent of different types of private owner-
ship, for example. Furthermore, the actual status of ownership of
forest land may not always be adequately defined and more
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generally in parts of the developing world, and hence it is not
surprising that there are deficiencies in available data.

There are obvious reasons for the inadequacy of our knowledge
of forest ownership. Ownership usually has no formal expression
in the forest landscape, for example, and cannot be established by
techniques such as remote sensing or field survey. The monitoring
of changes in forest ownership is difficult to organise at the national
level, and is well-nigh impossible to administer on a global scale.
Furthermore, the structure of ownership may be extremely com-
plex; the trees and the land on which they stand may in some
instances have different owners, and indeed in some cases different
tree species may even be under different ownership. In addition
to the practical difficulties of measurement and monitoring, the
nature of forest ownership may have political implications in some
countries, and governments may not always be anxious to compile
statistics showing how concentrated the structure of ownership,
for example, may be. For various reasons, therefore, our knowledge
about forest ownership is imperfect.

Forest ownership: a model

Despite these deficiencies, sufficient data exist for the general
nature of forest ownership to be established, and for a sequential
model of the evolution of ownership through time to be tentatively
suggested. Initially, the forest is common property, or the property
of a particular tribe or clan, whose members enjoy rights of use of
forest products but not the right to dispose of it. This form of
communal ownership has been followed in many parts of the
world by appropriation by the state, often in the form of a colonial
power. In turn the state-owned forest has been at least in part
alienated into private ownership, and in some countries such
ownership has become very fragmented.

This Sequential model of communal, state and private owner-
ship is, like most models, an oversimplification. In some countries,
especially in Europe, the transition from communal to private
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ownership occurred without an intervening phase of direct state
ownership. Also the phase of state ownership is characterised by
a wide variety of forms of tenure: in some cases state ownership
is combined with direct state management, while in others it is
associated with the granting of forest utilisation contracts or con-
cessions to private companies or individuals. Furthermore, the ‘late’
phase in which private ownership is prominent appears increa-
singly to be one in which indirect state influence through environ-
mental and silvicultural controls becomes prominent. The private
phase is therefore subdivided into ‘unregulated’ and ‘regulated’
sections. Also it should be emphasised that the phases of the model
do not correlate directly with chronological time; different degrees
of progress through the model have been achieved in different
parts of the world, and indeed it is not unknown for reversions to
‘earlier’ evolutionary stages to have occurred. In many countries
there have been short-term alternating phases of liberalism, charac-
terised by privatisation, and government intervention, reflected
in state afforestation. Nineteenth century France is one example.
Despite its simplistic and imperfect nature, the model has
some value in providing a framework and context in which the
bewildering array of types of ownership and tenure can he consi-
dered. In addition, some correlation is apparent between ownership
regime and the objectives of forest use. The combination of type of
ownership and type of use is the basis for recognising three different
stages of forest resource use (pre-industrial, industrial and post-
industrial).
Phase 1: The common-property resource
Common-property ownership by indigenous peoples probably
accounted for most of the world forest area until recently. It sur-
vived in parts of Europe until modern or early modern times. In
much of Asia, Africa and America this form of ownership survived
until the nineteenth century, and in some areas it is still extant in
the late twentieth century. In Papua New Guinea, for example,
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forest land is held by the clan, but individual trees may be indivi-
dually owned. Similar systems applied in parts of Africa. A few
trees, and especially large hardwood and valuable building trees,
were regarded as owned by individual clans or persons, but with
these exceptions all were normally recognised as common property.

In Africa and parts of the other developing continents, the
arrival of European colonial powers marked a major turning-point.
In general terms, they considered any land under common-property
or group ownership to be unoccupied or ownerless, and in effect
appropriated it. The replacement of traditional communal owner-
ship by state ownership has continued to take place in very recent
times. Forest in Nepal, for example, underwent such a change
during the 1950s. With this change in the status of the forest there
came a change in management. Under traditional common property
ownership the use of forest products was self-regulated by an
informal form of policy consisting of rules or guidelines handed
down from generation to generation.

The perception and use of the forest resource during this phase
varied considerably. In North America, for example, the relation-
ship between Indians and forests differed from place to place: in
some cases the forest yielded building materials and food, while in
others it was seen as an obstacle to cultivation. Typically, however,
the range of forest products that were used was very wide, and
some forms of management beyond simple gathering of products
were utilised in at least some areas. For example the Kayapo Indians
in Amazonia utilised a wide variety of plants, some of which were
concentrated by transplanting in special forest areas.

With the advent of state ownership, the traditional pattern of
self-regulation has tended to weaken or collapse. In the case of parts
of Nepal, for example, management was taken out of local hands,
and the indigenous management system, based on a rotating village
office of forest guardian, that had worked successfully for centuries
began to break down. People began to take too much wood from
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the forest closest to the village, instead of spreading the pressures
over wider areas. Similar and long-lasting problems were encoun-
tered in India. Traditional forest resource management was dis-
rupted as an alienated local population, now denied traditional right,
made destructive inroads into the forest. At the same time, local
people began to perceive forestry officials as“gendarmes’, policing the
local use of the forest in favour of the faceless and remote new owner.

Another recent example of this widespread process is Ghana,
where government took direct control of the forests in 1973,
having previously held them in trust for local traditional commu-
nities. What followed has been described as a ‘tragedy of the
commons.” While this change in status may be intended to secure
control and benefit for the whole country, all too often the state
lacks sufficient administrative ability and control to manage the
forests effectively. Furthermore, with this change in ownership,
management goals are in many instances directed towards commer-
cial timber production rather than indigenous use.

Common-property ownership is sometimes associated with
another kind of ‘tragedy of the commons’. Such ownership is some-
times held to contribute to decay or degradation of the resource as
each individual strives to maximise his or her personal benefit,
with scant regard for the common good and sometimes in the
absence of adequate checks and balances. Privatisation is some-
times advocated in order to avoid such degradation. There are
cases, however, where communal ownership has been jud§ed to
have contributed to forest conservation rather than to destruction.
The white pine forests of Guatemala offer one example. Here the
pattern of forest use has been more conservative than in other
privately-owned forests of Highland Guatemala.

Some remnants of common-property ownership still survive
in various parts of the world. For example, over 5 million hectares
of forest land in the United States is managed by the Bureau of
Indian Affairs on behalf of the owners, who define the broad
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objectives of management. In Guyana, around 15 per cent of the
forest belongs to Amerindian communities (compared with 84%
in state ownership and 1% in private ownership). In Colombia, the
government has now recognised that more than 12 million hec-
tares of Amazonian forest is the collective and inalienable property
of Indian communities. In Papua New Guinea, the imposition of
European-based tenurial systems did not survive independence,
and customary tenure, under which forest land cannot be sold,
has now been brought back.

Common-property ownership does not fit well with modern
exploitation of the forest by commercial logging. It is often replaced
by state or private ownership prior to such development. If not,
governments may enter into agreements with the customary owners
and acquire rights to exploit commercial timber. These rights
may in turn be granted to companies. In Papua New Guinea, the
Office of Forests buys rights to timber for a period of perhaps 40
years. Felling permits are then issued, and royalties are disbursed
on ratios of 50 per cent to provincial government, 25 per cent to
national government, and usually 25 per cent to the land owners.
Up to 100 landowning group may be involved in negotiations
lending to timber-right purchases.

Such complex arrangements are relatively unusual. More
usually the transition from communal ownership to state control
(with or without private exploitation through concessions) is abrupt
and disruptive. Episodes of destructive exploitation frequently
coincide with the transition in ownership, and reflect a break-
down in local control. Common-property ownership certainly
did not ensure the complete conservation of the forest resource.
In New Guinea, the use of fire brought about a reduction in the
forest area as early as 10,000 years ago, while both forest extent
and composition in North America were modified by Indian
agriculture and fire. In general terms, however, the rate of attrition
of the forest resource under communal control was usually very
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modest compared with that at the time of ownership transition.
Destructive exploitation at the time of this transition in ownership
was, in addition, frequently aggravated by the beginnings of rapid
growth in population and by a break-down in traditional life-
styles and social structures.

Phase 2: State ownership

Traditional indigenous ownership has now largely died out, and
ownership of the forest resource is dominated by the state. State
ownership dates back to the time of the Pharachs in Egypt, and
the royal forests of countries such as England, France and Prussia
represented an extensive area of state ownership in the medieval
and early modern periods. These royal forests, especially in the
cases of France and Prussia, proved to be extremely important as
the seed beds of modern forest management.

Nevertheless, the prominence of state ownership stems from
the growth of the state in modern times. As has been indicated,
the colonial period witnessed a tremendous expansion of state
ownership, while many states also acquired or appropriated forest
land in their home territories in the nineteenth and twentieth
centuries. As a consequence of colonialism in many developing
countries, forests belong to the state. As a further consequence,
serious conflicts can arise between the needs of the local populations
and the objectives of national policy.

State ownership (in its various guises) almost certainly
accounts for over 70 per cent and perhaps as much as 80 per cent
of the forest area. Data collected by the FAO for the 1963 World
Forest Inventory cover over 3,000 million hectares, or about three-
quarters of the estimated forest area (FAO, 1963). These data
indicated that 77 per cent of the forest area covered was in public
ownership. The previous World Forest Inventory in 1958 achieved
a 46 per cent coverage and indicated that 80 per cent of the area
covered was in the public sector. More recently, OECD (1989a)
indicates that 72 per cent of world forests are in public ownership.



The Control and Management of the Resource : 111

Now it gives a breakdown of the 1963 data, and shows that
stale or public ownership is dominant in areal terms in all the
major areas except Europe and the Pacific; it accounts for about
half of the forest area in OECD countries. The fuller coverage of
data now available indicates that it also exceeds 50 per cent of the
forest area in Europe. Further ownership sets out more recent
and more detailed statistics for much of the developed world, and
underlines the domination of public ownership. Public ownership
accounts for more than 90 per cent of the forest area not only in
eastern Europe and the Soviet Union, but also in a diverse range
of countries including Canada, Greece and Turkey. In Asia, 80-90
per cent of the forest is under state ownership; in Malaysia, for
example, 95 per cent of forest lands are owned by the respective
state governments. Overall, 50-60 per cent of forest land in Latin
America is publicly owned, and there is over 80 per cent state
ownership in Brazil, Colombia, Venezuela and a number of smaller
Latin American countries. Private ownership, on the other hand,
accounts for the greater part of the forest area in a number of
countries including the United States, Japan, some Latin American
countries such as Paraguay. El Salvador and Haiti, and, in Europe,
most of the Nordic and EEC countries. Private ownership of forest
land is generally limited in tropical Africa, being almost non-
existent in French-speaking areas but rather more extensive in
some former British territories, especially in southern Africa.

The central state and its agencies account for most of the
publicly owned area, but local government bodies (and collectives)
are also involved in forest ownership in some countries. In detail
the composition of the public sector is highly variable. In Canada,
67 per cent of the forest area is owned by provincial governments
and a further 27 per cent by the federal government. In China, 52
per cent of the forest land is owned by the state, with most of the
remainder under the control of various forms of collectives. Within
the European Community, state ownership ranges from close to
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100 per cent of the public-sector area in Britain and Ireland to 25 per
cent or less in Belgium and Italy. In central Europe, the state com-
ponent varies from 82 per cent in Austria to 8 per cent in Switzer-
land. Perhaps one of the characteristics of state ownership of forests
in some countries is its variability over time. In Britain, for example,
state forest ownership grew from a negligible level at the beginning
of the twentieth century to around 50 per cent by the early 1980s,
as programmes of state afforestation were implemented. Since then,
however, substantial areas of state forest have been sold to the
private sector, in accordance with the prevailing political climate.

To a large extent, state and other public ownership correlate
respectively with central and local control. In parts of the United
States, for example, up to 25 per cent of the forest area is owned
by non-federal government bodies. Such land enters the public
domain through various means such as tax forfeiture, and uncer-
tainty about future ownership may pose problems for long-term
management. On the other hand, some of the communal forests
in mainland European countries have long been in that form of
ownership, which in a sense is a partial survival from the stage of
common-property ownership. In parts of West Germany and
Switzerland, some areas of common land were divided into indivi-
dual peasant woodlots, but many remained intact and became the
basis for modern municipal forests. In West Germany, for example,
sizeable areas of forest amounting to 47 per cent of the total forest
area in Rheinland-Palatinate and 15 per cent in North Rhine-
Westphalia remain in this form of communal ownership. In some
cases, however, such ownership came to an abrupt end. At the time
of the French Revolution, for example, many communal forests
were shared out amongst local inhabitants, often with the result
of rapid deforestation.

The initial phase of common-property ownership, therefore,
may be replaced directly by ownership by the central or local
state, in the form of government agencies or municipalities. In the
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case of the later, control may be both close and local, but in the
case of the former it is more likely to be loose and remote. Owner-
ship by the central slate is often associated with private use under
a system of licences or concessions, and may in turn be followed
by outright transfer to the private sector.

Phase 3: Private ownership

In some parts of the world, private forest ownership developed
directly from common-property ownership, but elsewhere it
arose from the alienation of land previously under state control.
Such alienation occurred in much of the United States, except in
the west, but has been resisted to a much greater degree in
Canada. In the United States, the alienation of forest land in the
nineteenth century was associated with settlement policy and
agricultural development. In practice the same process operates
in parts of the developing world today. In parts of Europe, huge
areas of state forest were transferred to the private sector in the
face of rising demand for timber during the nineteenth century.
For example, the state forests of Austro-Hungary were reduced
in extent by 60 per cent between 1800 and 1884. In northern Sweden,
privatisation of the forest was the first step towards a more inten-
sive exploitation of timber resources. In Finland, a similar process,
involving land enclosure, proceeded rapidly from the late eighteenth
century in the south of the countrv, while in the central and northern
parts vast forests were allocated to the state.

A process of privatisation is continuing today in some parts
of the world, and the transfer of state-owned forests to private
ownership is a feature of the privatisation policies in some countries
with ‘new Right’ governments, such as Britain. In Japan, for example,
one version of this process is the offering of part ownership of 0.25
hectare forest blocks to individual citizens for 500,000 Yen. In parts
of the United States, extensive areas of public forest land have
been transferred to the private sector in recent times; for example
in Minnesota over 200,000 hectares passed into private ownership
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between 1964 and 1974. Where control of the resource passes into
private hands, the implications for management and use are pro-
found. These implications stem especially from the nature of the
objectives of private owners, and these are discussed in a subse-
quent section.

These objectives depend on the type of private ownership. Many
different forms of private ownership occur, and many classifications
of private forest owners have been attempted. Private owners
may be subdivided into corporate and individual types, with the
former being further subdivided into industrial (forest-products
companies), financial and investment institutions, and a miscell-
aneous category including companies whose forest holdings are
incidental (for example mining companies). In Australia, for
example, three main groups of private individual owners have
been identified: ‘genuine’ farmers, hobby farmers and investors.
In the United States, a more refined sixfold classification has been
suggested; ‘custodial’ owners who may have acquired their holdings
by default, for example through inheritance; ‘sideline” owners (for
example those whose forest is an appendage to a farm); specu-
lators; ‘hobby” owners, to whom silviculture is a pleasurable interest
rather than a means of earning a living; and “true’ investors. An
alternative classification reflects the diversity of types of private
individual owners; it includes commercial farmers, part-time
farmers, rural non-farm residents, absentee business/ professional
owners, absentee retired owners, and absentee wage-earners. In
France, seven main types of private forest enterprises have been
recognised, ranging from large low-land estates of broad-leaved
forests belonging to urban residents, to small mountain forest
holdings of conifers, belonging to local farmers.

Each type of owner has its own objectives; for example forest-
products companies may seek security of supplies of raw materials,
while ‘hobby’ owners may wish to maximise technical skill in
management and ‘true’ investors aim to maximise profit.
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Much of the privately owned forest area traditionally consists
of farm forests. In much of Europe and the United States, this
sector has contracted the percentage of commercial forest land in
the hands of farms declined from 35 to 25 per cent between 1952
and 1970. Nevertheless, in some countries such as Norway, Sweden
and Finland, the private sector is still dominated by farm forests.
In Finland, for example, over 60 per cent of the closed forest area
is farm forest (based on data in UNECE/FAOQO, 1985). In West
Germany, 87 per cent of forest holdings belong to farmers. In
Austria, half of all forests are farm forests. In other countries such
as Britain and Ireland, farm forests are almost unknown. In Japan,
on the other hand, 78 per cent of the 2.5 million private forest
owners are farmers. Traditionally farm forest-owners pursued a
dual occupation, divided on a seasonal basis. Such duality was
associated especially with Scandinavia, but it has now largely broken
down, with many farmers migrating to the cities and retaining
their forests as absentee owners, while increasingly mechanised
forest work became a full-time occupation.

The contrasting pattern of private ownership reflects contras-
ting forest histories and social and political climates. Similarly, the
rule of industrial companies as forest owners is varied. In some
countries it is almost non-existent, but in others it comprises
substantial proportions of the forest areas. For example industrial
companies account for over 30 per cent of the forest area in
Sweden and around 15 per cent of that in the United States. In
terms of average size of forest holding, major contrasts frequently
exist between company and farm forests. For example, the res-
pective average sizes (closed forest) are 400 and 9 hectares in
Denmark and 500 and 6 hectares in Spain.

Two contrasting trends can be discerned in main parts of the
world where there is substantial private forest ownership. On the
one hand, industrial and/or financial company ownership is in-
creasing. In the case of Scotland, for example, it grew from a
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negligible level in the 1960s to over 20 per cent of the private
sector by the mid-1980s; most of this ownership is associated
with financial rather than industrial companies. In the United
States, a number of large forest-products companies have acquired
substantial tracts of forest land, in pursuit of self-sufficiency in
timber supply. Forest-industry ownership in the United States
increased by 16 per cent between 1952 and 1970, mainly through
acquisition from farmers and other private owners. One company
amassed a holding of around 1 million hectares in the Southeast.

On the other hand, much of the privately owned area has
been fragmented into numerous tiny holdings suggests. In some
countries, such fragmentation has resulted especially from laws
of land inheritance which result in repeated subdivision of pro-
perties. In France, for example, there are 2.8 million forest holdings
of 5 hectares or less in extent, while in West Germany half a million
private owners have forest tracts averaging 6 hectares. In Belgium,
the 330,000 hectares of forest is divided amongst 106,500 owners,
69 per cent of whom own less than 1 hectare. In Japan over 60 per
cent of the holdings do not exceed 1 hectare and 90 per cent
extend to not more than 5 hectares. As much as 95 per cent of the
units are under 10 hectares. In the United States, 71 per cent of
the 7.8 million non-industrial private forest owners have less
than 4 hectares of forest land.

Other forms of private ownership exist in some areas. For
example, in Britain a substantial and growing proportion of the
forest area is owned by private or corporate investors who cannot -
be categorised either as farmers or as industrial companies. This
trend is also apparent in other countries such as the United States,
where the proportion of commercial forest land in the hands of
nor. farmers increased from 25 to 35 per cent between 1952 and 1970.
Also in the United States a small but increasing area of forest is
owned by limited parinerships involving investment companies or
forest-products firms. In short, investment ownership, or owner..aip
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by financial capital in various forms, is becoming increasingly
important in a number of countries. Such ownership is likely to
be associated with commercial management, geared especially to
timber production.

The category of private ownership, therefore, embraces diverse
forms ranging from forest-products industries to private and cor-
porate investor and personal owners of varying scales. Industrial
and investment ownership are usually characterised by profit
maximisation and maximum timber production. Small-scale private
owners, on the other hand, are likely to be less interested in timber
production and may place greater emphasis on considerations
such as amenity, wildlife and recreation. Both these broad categories
of ownership have attracted government concern or intervention
in various parts of the world. Sub-optimal timber production from
small privately owned forests is perceived as a problem in some
countries, while some regulation of forest practices has also been
introduced for environmental reasons in various countries around
the world. These issues are discussed later in this chapter.
Ownership: general trends and national patterns
While state ownership dominates the forest resource in general
terms, the detailed pattern is complicated by conflicting trends and
contrasting patterns. Overall, common-property ownership has
been largely displaced by state ownership, which in turn has partly
given way to private ownership. In some cases, however, the ‘state’
stage of this simple model has been omitted, and in others there
has been at least partial reversal of the sequence.

Within a country, there may be a distinct and significant geo-
graphical pattern of ownership. In the United States, for example,
the federal government owns 34 per cent of the total forest area,
but most federal forests are located in the west. On the other
hand, most private ‘industrial’ and ‘non-industrial’ forests are in
the south and east respectively. In Canada, most of the federal
forest is on poor land in the north; the federal forest accounts for
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27 per cent of the Canadian forest area but only 4 per cent of the
wood volume. Distinct contrasts may exist between the ownership
classes in terms of the nature and potential of the resource as well
as its management: in Quebec and Ontario, for example, the private
forests make a larger contribution to industrial production than
their relative size would suggest, because of their better soils and
climate. Such contrasts make inter-sector comparison of manage-
ment difficult to carry out meaningfully; for example in the United
States industrial owners have usually taken the lead in intensifying
forest management and use, but this has been facilitated by factors
of land quality, access and proximity to markets.

The significance of ownership is profound. Different owner-
ship classes usually have contrasting characteristics of size and com-
position; for example in the (ten) European Community countries,
the average holding sizes for private, communal and state forests
are respectively 4.5, 119 and 910 hectares. In Sweden, state forests
are typically subject to large-scale clear felling operations com-
bined with replanting with native species, whereas in company
forests similar large-scale fellings are followed by replanting with
both native and exotic species such as Lodgepole pine (Pinus
contorta). The much smaller private forests are characterised by
felling and replanting on a much smaller scale, combined with an
emphasis on the production of valuable saw logs rather than
pulp wood. In short, the way in which the forest resource is used
and managed depends to a large degree on its ownership.
Management
The primary significance of ownership lies in the control of the
resource and in the potential for its management and use. The
significance of management, at a time of rapid contraction in the
extent of the forest resource, is obvious. Unfortunately, however,
the availability of meaningful and reliable data on the extent and
nature of management is even less than that for ownership. The
reasons for this state of affairs are readily understandable. For
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example, management can take an almost infinite variety of forms,
and can variously include the control and regulation of logging,
protection against fire and disease, and silvicultural treatments.
Furthermore, management plans may be prepared but not imple-
mented. In short,
Existing management systems vary so much that it is quite impossible
to press them into a couple of main categories and believe that this
says much about the truth. It is important to remember that a large
proportion of the forests in many regions are officially under working
plans or legal control and are reported as such, while in reality the
different plans and laws are not followed.

In recent decades, therefore, few attempts have been made to
collect world-wide data on forest management.

Nevertheless, a number of firm conclusions can be reached
about the nature of management control. First, it is clear that state
ownership does not necessarily correlate with state management,
nor indeed with any form of management. Second, it is apparent
that much of the world forest area remains unmanaged in any
formal sense. Third, there is disquieting evidence that the extent
of forest management has actually decreased in much of the
world forest area in recent decades.

Although most countries with significant forest areas have
national forest services, the staffing, funding and general influence
of these services are often extremely limited in relation to the
extent of forest for which they have responsibility. Even if an
ownership basis for management exists, in practical terms effective
management and control of the resource may be impossible.
Furthermore, in some countries state ownership of the forest is
spread across a number of government departments and other
agencies and is not necessarily concentrated solely in the state forest
service. In the Soviet Union, for example, which is characterised
by almost complete state ownership, 92 per cent of the forest is
administered by the central forestry authorities but the remainder
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is in the hands of various ministries and agencies together with
state and collective farms. Similarly, in China most of the state-
owned forest land is administered by the Ministry of Forestry,
but other ministries such as those for water conservation, land
reclamation, railways and light industry also have their own forests
or plantations. Where management does occur, therefore, its goals
may vary according to the nature of the responsible body. In many
countries the state-owned forest may be divided between the
national forest service and conservation agencies, each of which
is likely in have different objectives.

| A relatively small proportion of the world forest area
receives any kind of formal management. Data collected by the
FAO for the 1963 World Forest Inventory indicated that 0.975
million hectares out of a total forest area of 4.229 million hectares
were under management plans. World-wide, therefore, around 23
per cent of the forest area was subject to such plans, but this figure
conceals major contrasts from region to region. In Europe and North
America, the proportions of the forest area under management
plans were respectively 55 and 67 per cent, but in Latin America
and Africa, on the other hand, the proportions were under 2 per cent.

There is no directly comparable source of data for more
recent years, but it has been concluded by the World Resources
Institute from a variety of FAO data that less than 25 per cent of
the world’s forests were actively managed in the early 1980s. At
first sight, this figure may seem to indicate that the relative extent
of management has at least been maintained in recent decades.
On closer examination, however, it emerges that over three-
quarters of the total reported ‘managed’ area lies in the Soviet
Union, and that most of the apparent increase in the extent of
management in the areas included in the data is accounted for by
the Soviet Union alone. It contains a salutary reminder of the
sensitivity of conclusions about management to the nature of
definitions and reported areas. If the Soviet Union is excluded here,
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a very different conclusion is reached, with an apparent decrease
in the extent of management in Europe, Africa and Latin America,
combined with a very modest increase in Asia.

In Europe, the decrease is likely to reflect changing definitions
and accuracy rather than real changes. In Europe, most of the
publicly owned forest is covered either by plans or by controls. In
the EEC (10), for example, just over 75 per cent of the publicly
owned area is covered by management plans and the remainder
is subject to controls. Of the privately owned forests in the same
region, however, only 6 per cent are covered by management plans.
As will be discussed subsequently, the management of small,
highly fragmented private forests has emerged as a major issue
in parts of Europe, the United States and Japan.

In Africa, the area subject to management plans has fallen
from over 10 million to under 2 million hectares, or less than 1 per
cent of the closed forest area. Furthermore, much of the managed
area is concentrated in a small number of countries. In the early
1980s, two-thirds of the managed area in Africa was in Ghana
and three-quarters in Ghana and Uganda. Political turmoil in the
latter has severely reduced the extent and effectiveness of mana-
gement, and illegal agricultural encroachment and increases in
unlicensed exploitation of forest produce have followed. In
former Belgian and British colonies, working plans, often comple-
mented by silvicultural treatments for forest regeneration and en-
richment, were introduced early, and intensive forest management
in these areas amounted to 4-4.5 million hectares of closed forest
by 1960. Thereafter, management plans were abandoned in many
countries as a result of population pressure on forests and staff
shortages in forest services.

In Latin America there has been a similar decline, and in
Asia there is a similar pattern of concentration to that in Africa.
India alone accounts for 80 per cent of the managed area. Further-
more, while the extent of management in Asia may not have
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declined as it has in Africa and Latin America, its intensity has
decreased in some areas. For example silvicultural treatment in
Sabah in effect stopped after 1977, and in practice thereafter the
forest was treated as a wasting resource. In many areas management
plans have been drawn up but never implemented, and in the
tropics as a whole the proportion of the forest under management is
tiny. Less than 5 per cent of the productive closed tropical forest,
for example, was managed around 1980.

In the face of population pressure on the forest and inadequate
funding and staffing of forest services, management plans have
been abandoned or have not been followed up in many areas,
and even if the technical ability to prepare and implement a
management plan exists, the political will to do so may not always
be present. In a number of countries such as Nigeria, Zaire and
Tanzania, the extent of management has contracted considerably
in recent decades, and Lanly (1982) concluded that intensively
managed forests no longer existed in these countries. In these
and other countries, forest services and forest management (in at
least some form) data back to colonial times, but the robustness
of the management institutions has been inadequate in the face of
subsequent social and political pressures. The fact that many of
these institutions have colonial origins may also have hindered
their survival and develepment in the face of modern pressures.

The extent of forest management is therefore limited, and it
is clear that its development is not keeping pace with the growth
of pressures on the forest resource. In particular, large areas of state-
owned forest in the tropics are now subject to forest utilisation con-
tracts between government and lpgging company, and the nature
and enforcement of these contracts (or concessions) is an issue of
fundamental importance to the future of the tropical forest in
particular.

Forest utilisation contracts
In many countries part of the state-owned forest is used privately
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(at least for timber production) under various agreements usually
known as forest utilisation contracts or concessions. In the absence
of the capability or will to utilise the forest resource themselves,
governments use such arrangements as an alternative to alienating
the state-owned forests to the private sector. Utilisation contracts
concede to private users, often in the form of corporations, the
right to harvest timber under prescribed conditions and in return
for payment. Some provision for management, for example in the
form of replanting, is usually included in the terms of the contract.

Such concessions are associated especially with the use of the
tropical forest, and also with problems of distribution of benefits
and of conservation. They are not confined to the tropics, however,
nor are their associated problems confined to that zone. Much of
the Canadian forest, for example, has been subject to this form of
private use under public ownership, and serious problems of re-
source conservation have arisen. By the 1960s, both government
and the forest industry recognised that regeneration on cutover
lands was inadequate. Companies claimed that they could not
reasonably be expected to regenerate the forests themselves when
they had no title to the land. Thirty years” experience of one licence
in one Canadian province was characterised by a failure of re-
generation, less attractive species composition of the second crop,
poorer annual growth rates than expected, and smaller projected
volumes per unit area.

In recent decades there has been a major expansion in the
extent of concession agreements, as well as considerable develop-
ment in their terms and robustness. In the early 1960s, their total
extent may have been little more than 30 million hectares, or less
than 1 per cent of the forest area. By 1980, concessions had been
granted to approximately 120 million hectares of tropical forest
over the previous two decades. Around 50 million hectares of
forest are under utilisation contracts in Africa, 40 million hectares
in the Far East and 10 million hectares in South America.
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Much of the rapid growth in logging in the tropical forest in
the 1960s and 1970s was based on these concessions. In the Ivory
Coast, two-thirds of the productive forest area became subject to
contracts between 1965 and 1972. In western Malaysia, 424,000
hectares of logging concessions were handed out in 1972, compared
with 60,000 hectares in 1970. In the Philippines, the area under con-
cession agreements increased dramatically from 4.5 to 10.5 million
hectares between 1960 and 1970, and timber production increased
from 3.8 million cubic metres in 1955 to 11 million cubic metres in
1968.

Contract lengths

Utilisation contracts occur in various forms, ranging from short
term (one to three years) through medium-term (five to ten years)
to long-term (fifteen to twenty-five or more years). Short-term
contracts are usually granted to small-scale operators involved in
local wood supply. Those of intermediate length are more likely
to be geared to sawmill operations developed by logging companies,
while long-term contracts may be linked to large, integrated forest
industries drawing on a forest area of up to 200,000 hectares. One
of the persistent problems of concessions has been their length,
and in particular the relationship between concession length, re-
growth and cutting cycles. For example, Indonesian logging regu-
lations prescribe that thirty-five years should elapse between
cuts, but the standard concession agreements are for only twenty
years. Contracts that are much shorter than cutting cycles are un-
likely to encourage good conservation practice. On the other hand,
long concessions have not always meant that the value of the forest
has been carefully conserved, they may be necessary but not
sufficient for this objective.

Prior to the Second World War, long-term concessions for
up to 100 years were granted to logging companies, but newly
independent governments sometimes viewed such arrangements
as vestiges of colonialism, and concession periods were shortened
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in the hope that more frequent renegotiation would produce
better terms. By the 1980s, concessions were typically for periods of
only five to ten years, even for large forest tracts, and few exceeded
twenty years. In Sabah, for example, one and five-year licences
covered 50 per cent of the total concession area in 1980. Countries
such as Ghana and Nigeria already used long-term contracts in
the period between 1945 and 1955; indeed, in Ghana, prior to
independence, concessions were granted for periods of fifty and
sometimes for as long as ninety-nine years, but in 1971 their lengths
were set at a minimum of five and a maximum of twenty-five
years. Long-term contracts were introduced more recently in French-
speaking countries such as the Ivory Coast. There, contracts of
variable lengths of up to fifteen years were introduced between
1965 and 1968, but normal length reverted to five years in 1969. A
general problem is that contracts may have been agreed and the
forests opened up to exploitative use before the forest service was
in a position to work out either the technical concepts on which
long-term usefulness could rest or suitable means of enforcing the
contract terms. Ivory coast is cited as a particular example where
the former point applies (Schmithusen, 1979). In some countries
the disadvantages of both long and short agreements may be at
least partly avoided by granting rights for periods of twenty or
twenty-five years, with renewal occurring every five years if
performance has been satisfactory.

The significance of concession lengths in particular and the
security of tenure in general extends beyond cutting cycles and
forest management to investment in forest industries. The nature
of tenure may be an important factor in the investment decisions
of forest-products firms, which may be understandably reluctant
to invest in costly plant in areas where they have only short-term
tenure. By relating tenure to the economic life of industrial plant,
governments in countries (such as Canada) with very extensive
state (provincial) ownership could regulate capital investment by
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forest-product companies, and hence exert an indirect as well as a
direct influence on forest management.

Concession holders

The classic forest utilisation contract is drawn up between a foreign
logging company (sometimes part of a transnational corporation)
and a national forest service. Foreign interests are often promi-
nent in tropical forests, but they are not confined to these latitudes.
For example, American and Japanese companies have interests,
through local subsidiaries or joint ventures, in Canada and Brazil
as well as in south-east Asia.

Large proportions of forest investment in many tropical
countries are typically foreign. In Ivory Coast, for example, the
proportion is 79 per cent, whilst it is 85 and 89 per cent respectively
in Congo and in the Central African Republic. Especially in Africa,
much of the foreign investment has been oriented towards exports
of tropical hardwoods to European markets. In South-east Asia,
much of the orientation has been towards Japan and the United
States. In the Philippines, for example, subsidiaries of large US
forest-products companies such as Weyerhauser, Georgia Pacific,
Boise Cascade and International Paper became major concession-
holders in the 1960s, while the first two of these together with
Unilever were awarded concessions in Kalimantan in 1970.

Such arrangements with overseas or transnational companies
have been widely perceived as disadvantageous to the host country;
disproportionate shares of benefits are believed to go to the trans-
nationals. In recent years many attempts have been made to tilt
the balance of advantage towards the host country. One approach
has been to outlaw wholly owned foreign ventures, and to secure
greater involvement of local interests. In Malaysia, Malays and other
indigenous groups are favoured in the granting of concessions,
and direct participation by others is ruled out. This provision,
however, is sometimes evaded by ‘back-door’ arrangements, under
which the nominal concession-holder serves merely as a figure-head.
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In Indonesia, foreign ventures were prohibited from 1975, and
thereafter all investments from abroad had to be in the form of
joint operations with national or state companies. Joint ventures
have not always been successful. Some transnational corporations
have regarded such investments as necessary evils, and have paid
little more than lip service to the concept, sometimes using obsolete
equipment discarded from European mills after the Second World
War. Even when successfully established in technical terms, joint-
venture plant may function as a social and economic enclave,
with the multiplier effects or links to the rest of the economy.

In some cases assets of foreign logging companies were in
effect nationalized; for example, in 1973 the Ghana government
required all multinational natural resource companies to surrender
55 per cent of their equity, and fear of expropriation caused the
withdrawal of US companies from Indonesia forest enterprises in
the early 1980s. A prominent theme has been the growth of joint
ventures involving foreign partners with local interests.

Foreign companies have been and are still prominent as
concession holders both in the example of Indonesia and in the
tropical world more generally. Initially after independence, many
of these firms were linked to the former colonial power, but more
recently Japanese and subsequently Korean and Taiwanese com-
panies have become very active. In Papua New Guinea, for example,
50 per cent of the timber rights are held by Japanese companies.
More recently still, logging firms from Malaysia and the Philippines
have obtained concessions in neighbouring countries. In Sabah, for
example, companies from the Philippines, India and Malaysia have
become involved in joint ventures. Major multinational companies
based in the West have now largely withdrawn, and have been
replaced by smaller transnationals from the Third World and
locally-based enterprises.

The geographical character of the concession-holders has
therefore changed markedly in recent decades, and while foreign
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influences are still strong, domestic entrepreneurs have been taking
an increasing share of concessions in many tropical countries. This
in itself, however, does not necessarily ensure increased benefit
to the people of the host country; in the case of the Philippines,
for example, both the traditional landed elites and those who
came to power with ex-President Marcos or the military succeeded
in acquiring substantial logging interests.

Concession terms

The terms of forest utilisation contracts are both varied and contro-
versial. The balance of advantage between host government (and
country) and the logging company is delicately poised; terms too
favourable to the later result in a loss of revenue and perhaps a
seriously damaged forest resource, while terms that are too strin-
gent may deter investment and hinder the utilisation of the resource.

Numerous systems of forest charges and forest revenue
arrangements have been devised. Concessions may be linked to
licence fees or annual ground rentals, both of which are usually
very low. For example in Ivory Coast an initial fee of around
(US)$0.25 per hectare is levied, and in Liberia an annual ground
rental of $0.25 per hectare per year is charged. Alternatively, fees
may be based on the volume of the annual allowable cut.

In addition, charges are usually levied on the timber actually
harvested, and may be on a per tree basis, on the basis of timber
volume, or less commonly on an area basis. For example, Ghana
imposes charges ranging from $2.20 to $19.60 per tree depending
on species, while the range in Thailand is from $2.00 to $5.00.
Volume-based charges are common and are usually the most
important source of revenue from the exploitation of the forest
resource. The charge is usually at a fixed rate per unit volume,
depending on tree species, and may be differentiated on the basis
of the destination intended for the timber. For example in Indonesia,
the charge for domestically processed logs was $8.00, while that
for logs destined for export was $52.00.
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Charges may be imposed on processed forest products in
addition to or instead of volume-based charges. These may be
administratively convenient, but they do not encourage efficiency
of use since they are based on the output of sawnwood or other
product rather than the harvesting or input of logs. Export charges
on logs are a common forest charge and a major source of forest
revenue in some companies. Such charges may be levied in order
to encourage domestic processing, and may be differentiated
according to species. Liberia, for example, imposes charges ranging
from $2.00 to $50.00 depending on species. Lower export charges
may also be imposed on processed products, and these are usually
differentiated according to degree of processing. Mandatory govern-
ment participation through joint ventures is a further common
means by which economic benefit can be derived by the host
government. These arrangements draw on the technical, managerial
and commercial skills of the private partners while retaining
measures of control and economic benefits. In some instances
such as Ghana where nationalisation occurred in 1972, the forest
industries are state-owned and controlled.

The strengths and weaknesses of the various components of
forest revenue systems are reviewed by Gray. In general terms
the degree of success with which host governments have captured
the economic benefits from forest exploitation have been limited
but variable. Problems such as transfer pricing in multinational
companies and corruption in government circles have frequently
been experienced. Other problems may also exist. For example, a
logging company in Papua New Guinea had its application for
lease renewal refused, on the grounds of non-compliance with
the terms of the lease. Pressure for the government of the country
from which the company originated was followed by temporary
renewal. Accordingly it would be possible to fill a book with
examples of the unsavoury aspects of the tropical timber trade.

Illegal timber cutting and smuggling has denied some



130 : The Control and Management of the Resource

countries the full benefits of their timber production. For example,
recorded Japanese log imports from the Philippines in 1980
amounted to 1.1 million cubic metres, but recorded log exports from
the Philippines to Japan were only 0.5 million cubic metres. Overall,
Repetto concludes that the Philippines government managed to
capture only 17 per cent of the available rents from concessions
during the period from 1979 to 1982, compared with 38 per cent
in the cases of Indonesia and Ghana. Illegal felling may be as great
a problem to the concession-holder as it is to the host government.
Along with the incursion of shifting agriculture, it may be detri-
mental to the interests of the concession-holder as well as to the
government, and ‘exclusivity’ may be an important issue when a
contract is being negotiated. In the Philippines, the government
in 1987 decided to reward informers with 30 per cent of the value
of any illegally felled logs.

The nature of forest utilisation contracts affects the state of
the resource as well as the economic benefits to the government.
In Canada, for example, the company securing the use rights
accepts responsibility for protection against fire, pests and diseases
and for the regeneration of the logged area. Two different provisions
for reforestation have been widely incorporated in contracts. These
are an obligation on the concession-holder to carry out reforestation
itself, and a requirement that a reforestation fee is paid to the forest
service which then carries out the operation. Schmithusen (1976)
concludes that contracts requiring direct re-forestation have in
many cases proved unsuccessful, while fee-based systems, such as
employed in Liberia and some francophone African countries have
been more effective. In 1980 Indonesia introduced a reforestation
deposit of $4.00 per cubic metre harvested in Kalimantan and
Sumatra. It seems that this measure has not induced concessionaires
to undertake significant reforestation activity, although it has dis-
couraged logging on marginal stands and increased government
revenues per cubic metre of log production by 14 per cent. Elsewhere
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there has been similar difficulty in achieving reforestation: it is re-
ported, for example, that 90 per cent of concession-holders in the
Philippines in the 1970s and early 1980s violated concession
agreements by failing to carry out reforestation programmes. Since
1988, logging companies have had to deposit a sum of money
equivalent to the cost of replanting.

The understandable wish to retain a higher share of the benefits
arising from the use of the forest resource by discriminating against
foreign concession-holders may itself have had adverse effects. It
is suggested that the more capital-intensive operations of foreign-
based companies, involving the construction of all-weather roads,
typically remove a higher proportion of the harvestable stems than
those of smaller ‘dirt-road’ loggers. With a lower utilisation rate, a
greater area is harvested each year. In addition, foreign firms may be
well suited in terms of capital, technology and management to invest
in plantations in their concession areas, but without secure property
rights and confidence of political stability will be unlikely to do so.

The overall level of forest charges is likely to have an effect
on the way in which the resource is used and managed. Rents per
cubic metre harvested in Ivory Coast have been much lower than
those in Ghana, for example and deforestation rates have been
higher. Furthermore, the grading of charges according to size and
species of tree can have an obvious effect on the way in which
harvesting proceeds, as can the minimum utilisation standards
written into the contracts. In many early concessions, these were
often poorly defined. In the Ivory Coast, for example, harvesting
methods were not prescribed prior to 1972. More recently these
and other conditions have often been tightened and extended: in
the case of the Philippines, for example, from 1979 each concession
holder has been required to set aside 5 per cent of the concession
area as a wilderness area not subject to logging. Governments have
generally become more experienced and sophisticated in their use
of forest utilisation contracts, and more recently have been more



132 : The Control and Management of the Resource

successful in areas such as the protection of customary rights to
the forest and the provision of roads and services for public use.

In addition to defects in the terms of contracts there have been
major and widespread problems of enforcement. In the Philippines,
for example, large transnational companies have been found
generally to keep to the law, but few controls have been found to
be effective on smaller firms. Even after the prescription of har-
vesting methods in Ivory Coast in 1972, enforcement was so in-
adequate that in practice concession-holders were not required to
follow any particular method of selection or cutting. In practice,
enforcement may be very difficult to achieve, not only at the level
of the relationship between the concession-holder and government
but also at the forest level of the relationship between the former
and its contractors or workers. In theory, state ownership, combined
with controlled utilisation, might be expected to mean that the
resource would be used for the benefit of the state’s population,
and that it would be conserved from generation to generation. In
practice neither of these expectations is always fulfilled. All too
often the state permits the benefits of forest use to be biased towards
 a small section of the population, such as the ruling class.

In many countries ‘concession’ forests have been impoverished
or degraded; the granting of concessions has been followed by a
phase of destructive exploitation. In terms of conservation as well
as of economic and social benefits, the performance of many projects
has been disappointing. In Papua New Guinea, for example, an inte-
grated project producing sawn timber, veneer and woodchips was
launched by a Japanese company in 1973. It took ten years for re-
forestation to reach its planned rate, and by 1983 36,750 hectares of
forest had been cleared but only 4,755 hectares reforested. In short,
the natural resource was depleted. Leslie (1980) concludes that
“Forests, on the whole, are simply being mined, . . . without any real
concern for what happens afterwards.” He considers that weak-
nesses in bargaining skills is a fundamental cause of unsatisfactory
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concession agreements. A reluctance to invest sufficient resources
in the stewardship and management of the public forest resource
has also been identified as a major factor. As a result, the value of
the resource has decreased and the people have failed to benefit as
they ought from the utilisation of their resource.

This conclusion applies especially to many tropical countries
where use of the forest resource is based on contracts or concessions.
It is not peculiar to these latitudes, however. Much of the Canadian
forest, for example, is used in the same way and similar tends
and problems in the condition of the resource are found there,
despite the existence of a long-established forest industry. Both in
Canada and in many tropical countries, the forest industries have
been blamed for the state of the forest which they have utilised. In
the case of the former, however, Baskerville (1988) presents an alter-
native interpretation by attributing the blame to society in general
for failing to carry out effective management and for failing to accept
its costs, and to public ownership in particular for having been a
major causal factor in the degradation of the forests. Whatever the
merits of this argument may be, it is a reminder that public or
state ownership is not a guarantee of forest conservation, especially
where it is combined with private use. On the other hand, private
ownership and management may also give rise to serious problems,
as the ensuing section indicates.

Management in fragmented, privately- owned forests

In countries such as the United States of America and Japan as
well as in parts of Europe, the ownership of much of the forest is
fragmented into tiny holdings. The nature of the property inheri-
tance laws has contributed to this fragmentation in some countries
such as France, while traditions of farm forests, where agriculture
and forestry are combined on the same holding, are long-esta-
blished in countries such as Finland.

The management of fragmented forest holdings is characterised
by several problems. In some cases, there is a lack of clear objectives
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for ownership and therefore of clear goals for management. In this
partial vacuum little or no management may take place. If it does
take place, it may not be geared to timber production. In addition,
the small scale of many forest holdings means that diseconomies
of scale are experienced, and the resulting economics of timber
production may mean that little harvesting takes place. This may
mean sun-optimal supply of timber for processing industries, and
can in turn lead to accusations of mismanagement on the parts of
small forest owners and to attempts by both governments and wood-
using industries to encourage greater levels of timber production.
The objectives of small forest owners

These may differ markedly from those of both industrial owners
and public agencies. In particular, they may differ from the former
in terms of the primacy of timber production as a goal, and they
may contrast with the latter in respects such as environmental
protection. As might be expected, active management is relatec
to the underlying motivations and objectives, and is associated
with characteristics such as size of ownership, age, education, place
of residence (resident or absentee) and income.

Traditionally, most small forest owners were farmers, and
many still are, especially in Europe. In countries such as Finland,
for example, attitudes to forest management contrast sharply bet-
ween older farmers on small farms, who have a preference for the
subsistence economy and minimum use of money, and more com-
mercial farmers. The fortunes of agriculture may have significant
implications for forest management. In Austria, for example, low
profitability has driven many farmers to seek other employment,
with the result that many farm forests are neglected. In Japan,
some woodlots have been sold to forest companies when their
traditional owners have given up farming, but in other cases they
have retained their holdings and have run the woodlots on a part-
time basis. A large but decreasing area of forest land is still owned
by farmers in the United States, but much has passed into the



The Control and Management of the Resource : 135

hands of non-farmer individuals. Constraints such as capital and
time may limit the amount of forest management provided by
farmers, while on the other hand factors such as absenteeism
may affect that provided by non-farmer owners.

Timber production is rarely a primary reason for the small-
scale ownership of forestland. Factors such as aesthetics, recreation,
wildlife and increased land value may be equally or more impor-
tant. In many instances the present owner has inherited or other-
wise acquired his forest property by accident rather than design,
and has given little conscious consideration to what he seeks from
it. In many instances forest areas may be owned simply because
they happen to be parts of farms or parts of residences. These were
cited as the most important reason for ownership on 36 per sent
of the privately owned commercial forestland in the state of Mary-
land, for example. Aesthetic enjoyment, recreation and land invest-
ment were other important reasons, and timber production was
the main objective of only 2 per cent of the forest owner, who
owned 12 per cent of the forest area. In the neighbouring state of
Pennsylvania, only 1 per cent of owners held forestland primarily
for timber production. Many private non-industrial ownerships
are short-term. For example in nine Northeastern states, 53 per
cent of the privately owned commercial timberland is held by the
same owner or fewer than twenty-five years, and 30 per cent for
fewer than ten years. A clear conflict exists with the time-scale of
forest management.

Overall in the United States it has been estimated that only 5
per cent of private non-industrial owners manage their forests for
timber production. Using all or most practicable forestry practices.
Around one-third have some interest in forestry practices geared
to timber production, while nearly half have no interest in inten-
sified practices but may from time to time sell timber grown with-
out active management. When small owners do harvest timber, it
is often for the purpose of raising cash to meet a financial crisis,
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rather than on the basis of long-term planning. In Japan, 60 per
cent of small woodlot owners grow trees as a store of wealth rather
than to maximise timber production. Around 30 per cent have no
special interest in timber production, using their lots primarily for
recreation or for mushroom production.

Generally similar findings on small-scale ownership and
management are reported in other parts of the developed world.
For example, it is found that many woodlands in England and Wales
are not managed primarily for financial gain, but for objectives
such as recreation, and for landownership for its own sake or to
maintain a family tradition.

In such circumstances it is not surprising that timber pro-
duction is not maximised. In Pennsylvania, for example, only 25
per cent of private forest owners have actually harvested timber,
but this proportion increases with size of holding. The average
holding size for timber harvesters was found to be around twenty
hectares; compared with an average of approximately ten hectares
for all private forest holdings. Similarly, in eastern Oklahoma, a
clear relationship was found between size of holding and manage-
ment. Units of 4-20 hectares were essentially not managed commer-
cially; those from 20 to 280 hectares had a significant amount of
commercial management but suffered from size-related prob-
lems, while those of over 280 hectares were usually managed
commercially.

The existence of a relationship between size of forest holding
and timber production had been widely confirmed, and has been
explained in terms of factors such as economies of scale and mar-
ginal utility as well as objectives of ownership. Several other variables
have also been identified as being related to timber production.
In New Brunswick, for example, absenteeism and increasing income
levels were found to be negatively related to timber harvesting. If the
forest is owned -for its amenity value and the owner is not dependent
on 1t for income, then such relationships are readily understandable.
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Assistance programmes

In many countries government incentives are offered in order to
improve management in general and to increase timber production
in particular. In the United States, for example, the tax legislation
in many states is designed to encourage the management of ‘non-
industrial private forests’, properly tax relief is offered by assessing
use-value rather than market-value, and various means of deferring
timber taxes are available. In Massachusetts, for example, the owner
who practises forest management is rewarded with lower property
taxes. In addition, advisory or extension services may be used to
encourage active management and timber production. Similar
measures have proved effective in leading to increased frequency
of timber sales and increased volume of production in Finland,
for example.

Extension may be combined with cost sharing, which is one
of the most widely practised means of encouraging management
and timber production. In the United States, the Forestry Incentives
Programme (FIP) was authorised by Congress in 1973, in response
to concern about the low level of timber management on much of
the privately owned forest area. Under FIP, the federal government
shares up to 75 per cent of the cost of planting or treatment, on
forest holdings of up to 400 hectares owned by private individuals.
In addition, planting is encouraged by income tax regulations. By
1981, 0.5 million hectares had been reforested and 0.4 million
hectares improved, and in 1985 alone around 280,000 hectares were
planted or seeded by private owners in the American South, mostly
with assistance from FIP and/ or tax credits. In addition, some states
introduced their own measures, for example the Californian forest
improvement programme, introduced in 1980, initially offered up
to 90 per cent of the costs of forest improvement.

Such incentives usually have different effects and different
levels of uptake amongst different types of owners. In Texas, for
example, the strongest interest was found in well-educated business
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and professional people with above-average incomes and urban
residences. Also the obstacles to forest management may vary,
from lack of capital and lack of technical knowledge to incompatible
goals of ownership. Different forms of assistance may therefore be
required in different circumstances, and in the light of the objectives
of many small owners it has been suggested that programmes
aimed at developing non-timber outputs such as grazing wildlife
and recreation might produce more management than programmes
strictly geared to timber production. There has been considerable
debate about the economic effectiveness of cost-sharing and extension
services, and most of the debate has concentrated on the single
criterion of timber production. Nevertheless, there are signs that
performance on private non-industrial forests is becoming similar to
that on other ownership classes in states such as Georgia and
North Carolina. In Massachusetts, the percentage of owners har-
vesting timber increased from 19 to 29 per cent between 1963 and
1983. Overall, the gap between small private and industrial forests
in terms of volume of saw timber harvested per unit area has
narrowed over the years.

On the other hand trends in timber prices may have a
counter effect: in the early 1980s, decreasing timber prices led to a
waning interest in policies to stimulate timber production amongst
small owners, while apprehension about prices and returns was a
major factor discouraging the restocking of harvested timber land
in the American South.

Although extension services and cost-sharing programmes
may help to encourage some small-scale owners to produce timber,
they are unlikely to do so in all cases. Timber production is per-
ceived as environmentally disrupting by some owners with interests
in wildlife or landscape conservation. If production is to inerease,
that association needs to be weakened and the one between timber
production and increasing abundance of wildlife strengthened.

In addition to government programmes such as FIP, a number
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of other means can be employed to improve forest management
and timber production in small, privately owned forests. In an
effort to improve timber supply, private forest-products companies
may themselves offer free management advice to small owners,
without necessarily insisting on purchasing the timber in return. -
‘Industrial’ management has been extended over substantial areas
of forest in the American South by means of increment contracts.
Under these, the owner receives annual payments based on the
average annual growth of wood that the land is capable of pro-
ducing under management, and linked to prevailing prices. Two
means of over-coming the disadvantages of fragmentation are
especially common: the setting-up of associations or co-operatives
of woodland owners, and of organisations that undertake harves-
ting and marketing (or even entire management) of small wood-
lands. Co-operation amongst small owners may also lead to
improvements in management and in marketing. In Quebec, for
example, organisation in co-operative marketing dates back to
the late 1950s, and in the 1970s management organisations were
formed. In Japan there area as many as 2,105 forest-owner asso-
ciations, accounting for almost two-thirds of the individual forest
owners and for nearly one half of the total forest area.
Government assistance may encourage such initiatives, in
the hope that increases in timber production will follow. In West
Germany, for example, both federal and state governments offer
direct financial aid to co-operatives, which represent more than
half of the total area of forest in ownership units of under 100
hectares, and 19 per cent of the entire forest area. These co-operatives,
which on average involve 90 individual owners and 1000 ha, have
brought about improvements in management, and clear differences
in technical skills and awareness are reported to exist between mem-
bers and non-members. Nevertheless, it may be difficult to achieve
co-operation in some areas, since the attitude of individual owners
towards co-operatives may vary depending on factors such as age.
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Forest Laws
State influence on the use of the forest resource is clearly greater
than that of agricultural land because of the extent of state
ownership of forests around the world. This influence, however,
is not restricted to forest land under the ownership of the state. As
has been shown by the assistance programmes offered to small
forest owners in the United States, it may also extend indirectly
to the private sector. Furthermore, many states have enacted nu-
merous laws to regulate the use f the forest resource, irrespective
of its ownership, within their territories. In many instances these
laws have been introduced incrementally or on an ad hoc basis, and
they may be neither comprehensive nor integrated. Nevertheless,
they have a long history, and the general trend in recent decades
has been for them to become wide-ranging and more extensive.
The extent to which the use of the private forest is influenced or
regulated by government has increased rapidly in recent decades.
The enactment of forest laws dates back for several centuries
in some countries. The earliest forest ordinances and other adminis-
trative measures date in France to at least as far back as the
fourteenth century. Numerous attempts were made in medieval
Scotland to halt or retard the removal of the native forest, initially
in order to protect hunting forests and subsequently to protect
the forest as a source of shipbuilding timber. As early as 1504, a
law was passed requiring landowners to plant at least 0.4 hectare
of woodland around their houses, in areas where there was no
significant forest. Such laws often proved difficult or impossible
to enforce, and their effectiveness was usually very limited. In
Russia, for example, the tsarist government in 1888 introduced a
law to conserve the forest, but over the next twenty years 3 million
hectares of forest were cleared in European Russia alone. Never-
theless, although their effect may often have been limited, it is
clear that forest laws long predate the emergence of the modern
state, and their enactment is a salutary reminder that forest problems
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long predate the twentieth century.

Much of the present body of forest legislation, however, is a
product of the modern period. Two distinct but interrelated areas of
legislation (and government influence in general) can be identified.
These are concerned with the direct protection of the forest resource
from over-use or neglect, and with environmental issues arising
from forestry practices. General land legislation and the regulation
of investment are also of significance for forestry in some countries.
The regulation of use and protection of the resource
This is the largest category, which as has been indicated dates
back at least as far as medieval times. Most of its modern form,
however, dates from the mid-nineteenth century, and reflects a
growing concern about encroachment on the forest as a result of
growing demand for timber and agricultural pressures. Concern
became especially pronounced in parts of Europe where until now
the forest resource had seemed adequate or abundant. In central
Europe the growing concern was reflected in the Austro-Hungarian
Forestry Act of 1852, which sought to ensure that land under forest
in that year had to remain so in perpetuity. In theory, forest devas-
tation was now prohibited and reforestation after harvesting
became a legal obligation. Similar fears of degradation of the forest
resource were felt in Finland around the same time; steps to regulate
the use and management of Finnish forests began around 1860,
and over-cutting was prohibited in a law of 1886, under which the
police were made responsible for enforcement. A further Forestry
Act in 1917 sought to keep the existing forest area unchanged. In
Sweden, regeneration of harvested forest became mandatory in 1903.

Similar measures, designed to prohibit or control the clearing
of all forests or of forests in certain areas, are in force in many other
countries. In France, for example, prior authorisation is usually
required before forest clearance can take place, and in countries
as diverse as Switzerland and Rwanda a condition of permission
to clear forest is to reforest an area equivalent in extent.
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These measures originating in Europe were paralleled by
developments in the United States, which although not seeking
to preserve the existing forest area, led to the setting-aside of
national forests in 1891. More recently zoning laws and a variety
of other measures, usually implemented at the state level, have
sought to protect the forest against conversion to urban and other
land uses. Further north in Canada, the immensity of the forest
resource meant that the need for protection was less obvious, and
in British Columbia, for example, use was essentially unregulated
by government up until 1945. This did not necessarily mean, how-
ever, that government influence was absent. A positive decision to
retain forest land in public ownership was taken as early as the
1860s, and in 1891 the export of logs from public land was prohibited
or at least severely restricted. In Latin America, Argentina was
one of the first countries to introduce legislation relating to forest
protection, in the Jate nineteenth and early twentieth centuries. In
countries such as Argentina, Colombia and Paraguay, a licence or
permit is required from the forest authority before an owner can
change the use of his land, and often these licences are only granted
on the basis of a working plan. In an effort to halt deforestation in
the Dominican Republic, the forest agency was transferred to the
army in 1967 and in 1969 a new measure was introduced whereby
both a permit from the forest agency and the approval of the
president were required before live trees could be cut. This helped
to slow forest contraction but did not halt it, and illustrates the
basic problem of enforcement.

Attempts at regulation usually seek either to preserve the forest
area at its existing extent, or to ensure that forest management is
on a sustained-yield basis. Sustained-yield management was
devised in the state forests of Prussia at the end of the eighteenth
century and formalised and developed during the nineteenth
century. It has proved difficult to translate the principle it embodies
into legislation that can effectively ensure its adoption. Even when
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governments have decreed that all forests within their jurisdiction
have to be subject to sustained-yield forestry, the official concept
has often been overwhelmed by other priorities or practical realities.
For example, a German forest law of 1940 stated that all forests
had to be subject to sustained-yield forestry, but in practice over-
cutting was the norm during the war years. Nevertheless, attempts
to introduce sustained-yield principles have usually been more
successful than those aimed at preserving the extent of the forest
area.

In addition to measures intended to preserve the existing forest
area and to ensure management on sustained-yield principles,
straightforward controls on the harvesting of some forest products,
and especially of timber, have been introduced by some govern-
ments. In British Columbia, for example, the era of unregulated
exploitation of the forest resource came to an end in 1945, and
thereafter regulation was imposed through the medium of annual
allowable cut geared to sustained-yield principles. In some cases,
government has sought to regulate production in a positive, rather
than negative, sense. In such areas (and especially in Scandinavia),
the problem of encouraging private owners to harvest timber has
been addressed in an attempt to overcome the chronic under-
utilisation of the capacity of forest-products industries, many of
which are publicly owned. As from 1983, private owners in Sweden
are required by law to undertake thinning and felling operations
as appropriate. In Quebec a similar shortage of wood fibre gave
rise in 1986 to provincial legislation combining sustained yield,
allocation of timber supply and forest management.

In Britain a system of felling licences was introduced following
the heavy exploitation of the country’s limited forest resources
during the Second World War. These licences, administered by the
state forestry service (the Forestry Commission), were intended
to regulate the use of the forest and hence to conserve its timber
resources. More recently, the same instrument has been used as a
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means of achieving more general environmental conservation,
and in particular the conservation of broad-leaved trees and wood-
land. A very similar trend is apparent in the United States, where
forest-practice legislation was initially introduced for reasons
connected with timber production and more recently has been
extended to environmental protection.

Regulation for environmental protection

This switch in the use of the instrument of the felling licence from
timber conservation to environmental conservation epitomises a
major trend in recent years. During this period, greatly increased
attention has been focused on the environmental repercussions of
forest use, and on the need to control adverse impacts. Some of the
earliest attempts to regulate the use of the forest for environmental
reasons were set in the Alps, where forests were perceived to play
important roles in relation to floods, torrents and avalanches.
Strenuous efforts have been made over many decades to maintain
the protective role of forests in this respect by regulating the ways
in which the forests are used and managed. By the early nineteenth
century, the Swiss cantons were attempting to restrict the cutting
of timber and to prohibit timber exports, as well as encouraging
tree-planting. In 1876 the first federal forest law was enacted in
Switzerland, and amongst other provisions required that cleared
and logged areas be reforested or alternative areas nearby be
reforested. It also prohibited the sale or redistribution of use or
property rights in state, communal and corporation forests.

This environmental concern in Alpine lands, initially focusing
on flood control or mitigation, has extended to the protective function
of forests in many other parts of the world. In Latin America, for
example, a provision exists in countries such as Argentina and
Paraguay for the expropriation of forest land required for erosion
control, and for its subsequent management for that purpose. A
similar trend is apparent even in countries not traditionally asso-
ciated with extensive forests. For example tree-cutting in Saudi
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Arabia was banned in 1977, and a programme of planting for
environmental protection is now in process.

The initial awareness of the protective function of the forest
and of a need to safeguard it has also subsequently widened to
embrace concern for nature conservation and the avoidance of
pollution. In Sweden, for example, the Forestry Acts of 1975 and
1979 required that forest management should consider nature
conservation. Previous legislation between 1903 and 1975 was
geared towards improving timber yield, and indeed this objective
was still pursued. For example additions made to Swedish forest
law in 1983 required forest owners to undertake thinning operations,
to carry out fellings in mature stands, and to disclose working
plans. These measures were prompted by the perceived need to
maintain an increase in the timber supply, in order to utilise the
capacity of the mainly publicly owned forest-products industries.

There was a clear general tendency during the 1970s and
1980s for the control of forestry practices to be increased. By 1985,
eighteen states in the United States had various laws and other
measures regulating or influencing the practice of forestry on
private lands. In some states such as California and Vermont,
they are comprehensive and mandatory, with effective sanctions
for non-compliance. In other states they are selective and voluntary,
and are much less effective. Such measures typically seek to
regulate cutting and harvesting methods, road construction and
stream crossings, and the application of herbicides. In individual
states, they deal with issues such as watershed protection, fish
and wildlife conservation, recreation, and even air quality and
scenic beauty. A careful balance between regulation or enforcement
and influence in this area is required if successful environmental
protection is to be achieved on private forestland. In Sweden, for
example, ‘top-down’ and “bottom-up’ perspectives are combined
under the Forestry Act of 1979. In order to gain the confidence of
forest owners and thereby to influence their management, care is
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required to ensure that the role of law enforcer is not overdone
on the part of district forest officers.

These laws and regulations may lead to increased costs of
management or to losses in timber production, on both private
and public forestland. For example, cutting restrictions resulting
from nature conservation in Finland are estimated to amount to
1.2 million cubic metres annually, against a total allowable cut of
62 million cubic metres, while the ‘loss” of wood production in
Denmark for reasons of recreation and nature conservation amounts
to around US $4 million annually. In the state of Victoria in
Australia, for example, it is estimated that environmental cons-
traints in the form of prescriptions on operations such as logging
and road construction increase costs by 5-8 per cent, while land-
use constraints resulting from the classification of forests led to
the ‘loss’ of 21 per cent of the area available for timber production.
The later arose mainly from the classification of forests as parks
or recreation areas. In such areas, clear-felling is frequently per-
ceived as undesirable or unacceptable. This is especially true in
the United States, but also applies in other areas such as Hokkaido
in northern Japan, where a new directive in 1973 resulted in a
major reduction of areas to be clear cut, with corresponding large
increases in selective-cutting and cutting-prohibited areas. In New
Zealand, helicopter logging, which may cost two or three times
as much as ground-haul or cable systems, is sometimes used in
order to minimise environmental disturbance and the closure of
recreational trails. In such ways the public service function of the
forest, in terms of recreation and environmental conservation,
comes into.conflict with its timber-production function.

Such conflicts can arise on both private and state-owned forest
land. In the case of the former, legislation and other measures often
represent a compromise between private ownership and manage-
ment and public control or oversight. In Norway, for example,
the Forestry Act of 1965 provides that the owner should be free to
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manage his forest without government intervention, as long as
this is done in accordance with sound forestry practice and with
guidelines contained in the act. The government forest service can
intervene if necessary, and more stringent rules apply in forests
designated for purposes of environmental protection. In West
Germany, the federal Forestry Law of 1975 seeks to ensure that
woods and forests are protected and administered for the good of
the community. By a combination of constraints and subsidies, an
attempt is made to strike a balance between the interests of the
owners and the wider community.

Regulation of forest ownership and investment

The third major area in which government influence or control
has been exerted is in forest ownership and investment. Various
measures in this area can affect the extent, use and management
of the forest resource. Measures to protect family farm holdings
meant that bans on company ownership of forests were imposed
around the turn of the century in Scandinavia, for example, although
in Sweden companies were allowed to acquire forest again after
1965. In Finland, the acquisition of farm forests by forest industries,
which had been permitted since the 1870s, was prohibited in a
law of 1915, with important repercussions for the management of
small units of forest. Conversely, the redistribution of forest land
and its division into small parcels in Mexico in 1934 exacerbated
problems of forest management and conservation in that country.
Indeed the general nature of land laws and land policy is likely to
have a major influence both on the survival of the forest and on
its extent. Negative effects on the forest area may stem from the
legal rights to title of land that may be claimed in some countries
by persons who clear the forest and ‘improve’ or ‘develop’ the
land. On the other hand, deforested public land has recently been
transferred to private tenure in parts of China on condition that
reforestation is undertaken. In some countries apparent safeguards
are incorporated in land law to ensure at least the partial survival
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of the forest resource. In Brazil, for example, 50 per cent of the
area of privately owned rural properties is now required to be
left under its original vegetation cover. Whether this and similar
laws can always be enforced is another matter.

In addition to the nature of land laws in general and forest
laws in particular, specific measures may directly or indirectly
influence investment in forests. For example the structure and
activities of forestry investment companies have attracted attention
in countries such as Australia and New Zealand. Legislation in
the latter in 1934 cut the inflow of investment capital into com-
panies, and brought private afforestation, which had reached a
rate of 20,000 hectares per year, almost to an end. Similarly, major
changes in the regulations governing the taxation of forestry
investments in Britain in 1974 and again in 1988 led to dramatic
reductions in rates of afforestation.

Forest laws have been considerably modified and developed
since the beginning of the 1970s, and have incorporated ever-
increasing provisions on environmental protection and rational
resource management, Schmithusen (1986) concludes that they can
today be interpreted meaningfully only if considered within the
wider framework of an expanding legal system for environmental
conservation and social development. Despite their expansion,
development and increasing complexity, however, many national
sets of forest laws remain fragmented and uncoordinated. Much
legislation is incremental in nature, and is not always easily inte-
grated into a comprehensive forest code. Perhaps it is not sur-
prising that this is so, since so many fiscal, political and environ-
mental issues impinge on the use and management of the forest
resource.



6
The Use of the Forest Resource

The use of the forest resource is as varied as it is controversial. It
varies with the type and location of the forest; it varies in its
ownership and status, and it varies through time In turn the
character and pattern of use have a strong influence on the nature
and condition of the forest, and through time on its extent. They
also have implications for the wider environment at scales ranging
from the local to the global.

Forests world-wide have two main classes of functions:
production and protection. In the former, timber and a variety of
other commodities are produced. In the later, the emphasis is on
the provision of services such as watershed protection and nature
conservation, rather than on material commodities. In practice the
distinction between the production of commodities and the pro-
vision of services is not always clear or rigid. For example, the
forest may be perceived or managed to “‘produce’ an equable flow of
water. Nevertheless, the distinction between production and pro-
tection forests is manifested in official classifications in many
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countries, and is given spatial expression in the form of zoning
systems. And in addition to this spatial dimension, a time dimen-
sion may also be recognised. This dimension is more apparent in
terms of broad sequences than absolute dates, but it nevertheless
has validity and utility as an integrating framework.

Three major stages of development of the forest resource, in
terms of its use, the “pre-industrial’ forest is typically characterised
by common-property ownership and by the production of a wide
range of products, of which timber for construction and fuel is
only one. The ‘industrial’ forest is usually subject to use by private
individuals or companies (although it may remain under public
ownership). In contrast to the diversity of products of the ‘pre-
industrial’ forest, the product range is narrow and simple. Priority is
usually given to timber production, sometimes to the exclusion of
other considerations. In the “post-industrial’ forest, the provision of
services such as conservation and recreation is accommodated
alongside (or even to the exclusion) of timber production.

This sequential model is no more rigid than that sketched for
forest ownership in the previous chapter. Some forests, for example,
undergo a direct transition from the ‘pre-industrial’ to the “post-
industrial’ stages on classification as protection forests within a
national system. And the model cannot at the global scale be cali-
brated in terms of years or dates. The forests of much of Europe and
countries such as the United States and Japan may be regarded as
collectively entering the postindustrial stage at present, although
within these areas separate tracts of forest may be classified for
production or for other purposes in Europe more than 70 per cent
of the forest area is managed primarily for wood production. On
the other hand, large areas of forest in the developing world are
making the (sometimes difficult) transition from the pre-industrial
to the industrial stage, as timber production and state/private
control replace multi-purpose use and common-property owner-
ship. Perhaps the key variable in the model is the primacy or
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extent of dominance of timber production. In many industrial
forests the primary objective of management is timber production,
and other goods and services, if acknowledged at all, are relegated
to subsidiary positions. Value and utility are sometimes perceived
by the managers to reside in wood alone, giving rise to the jibe
that they ‘cannot see the trees for the wood’.

‘Timber primacy’ is not to the same degree a characteristic of
pre-industrial forests, nor indeed of post-industrial ones. Its relation-
ship to a specific stage in the evolution of forest management is
illustrated by the case of Austria, where it found expression in
the Forest Act of 1852 and persisted until the Forest Act of 1975
was passed. While the details of this example may be peculiar to
Austria, general parallels may be seen in many other developed
countries, where in recent times multiple use or the provision of
conservation or recreation services has been incorporated in forest
management.

Now the use of the forest resource will be discussed against the
background of this model. First, ‘traditional’ use and use for ‘minor’
products are considered briefly, in relation to both indigenous
consumption and to the introduction of market economies. The
pattern of production of timber for industrial purposes and for
energy (fuelwood) is then considered. Trends in this use are con-
sidered in the light of the resource potential. Finally, the role of
the forest in the provision of services such as recreation and con-
servation is briefly outlined. It should be emphasised that there is
no perfect or rigid correlation between model stage and nature of
production and control. The relationship is an imperfect one and is
complicated by the transitions that are implicit in a dynamic model
such as this. The production of fuelwood, in particular, may span
at least the first two stages of the model, although the nature of its
organisation and the problems to which it gives rise change with
‘progress’ towards the second stage. For this reason, it is considered
in a separate section.
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Traditional Uses and ‘Minor’ Products

Forests have traditionally yie!ded a great variety of useful products.
The production of fodder, food .nd fibre typical of many African
forests in recent times also characterised forests in many other
parts of the world in the past. Under common-property ownership,
most products were consumed locally and never enteid the
market. In some parts of the world, however, the harvesting of
‘minor’ (i.e. non-timber) products has survived the transition to
market economics and to state or private forest ownership.

In addition to providing the resource base for shifting agri-
culture, forests have provided food through the hunting, of animals
and the gathering of fruits, nuts and honey. They have also yielded
products (or derivatives of products) that were or are perceived
as useful as traditional or modern medicines, raw materials for
domestic utensils and tools, and building materials and fuel. This
traditional folk use of the forest characterised much of Europe
until medieval times. In Scotland, for example, trees and woods
even supplied the raw material for alcoholic beverages as well as
for numerous more functional purposes. In Russia, the importance
of the forest and its many functions was reflected in the language,
which contained as many as 103 different words used to denote
forest types and vegetation. The forest yielded wood for building,
dead wood for fuel, fruit and berries, and honey and game.

Such use has largely died out in the industrial age in the
developed world, but continues in many parts of the world. Forest-
dwelling shifting cultivators may number as many as 500 million,
and are believed to use around one-fifth of the tropical forest area
(240 million and 170 million hectares respectively of closed and
open forest). In addition to providing land for cultivation, the
forest offers for these cultivators and other forest dwellers grazing
and fodder, as well as fuelwood and direct sources of food such
as nuts, berries and fruits. There may be a considerable indirect
use through domestic animals that graze and browse in the forest.
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This use involves leaves and other green (as opposed to woody)
material, but nevertheless is both important in the functioning of
the local economy and significant in terms of amount of forest bio-
mass consumed. In Nepal, for example, domestic animals may
annually consume twice as much forest biomass as is used for
fuelwood.

These uses may be continued in perpetuity if the intensity is
modest, but the resource may be threatened —in terms of extent
or productivity or both—if population pressures build up or when
traditional systems of control break down. A shortening fallow
rotation, perhaps combined with increased grazing pressures, may
prevent the full recovery of the forest. Various modes of production
may exist.

Forest dwellers may harvest products such as fruit and berries
directly from the forest by simple gathering, or forms of manage-
ment may be developed whereby plants perceived as useful are
concentrated in special areas of the forest by human activity. Trans-
planting and selection amount to a semi-domestication of some
plant species, and animal species of birds, fish, bees and mammals
are also manipulated for use as food and game in areas such as
Amazonia.

In both temperate and tropical forests, numerous plants and
animals are utilised at present, or were utilised in recent times. In
eastern Canada, at least 175 food plants and 52 beverage plants
were gathered by native peoples, and over 400 plants were used
in native medicine. As in Russia and earlier in much of Europe, the
forest was indeed the resource base for the needs and wants of its
human inhabitants, and provided a huge range of useful materials
as well as a living environment. Much of the tropical forest fulfils
a similar role for its inhabitants today. In southern Venezuela, for
example, the Yekuana Indians regularly use nine species of terres-
trial mammals, nine species of monkeys, and 18 species of birds.
In eastern Ecuador, as many as 224 plant species are utilised, mostly
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for foods, but also for construction, tools and medicines, while in
northern Bolivia 80 per cent of the forest’s trees, shrubs, vines and
herbs are used. Elsewhere in the Bolivian Amazon, one hectare
contains ninety-one species of which local Indians used 75 (85%)
in some way, while of 649 individual trees as many as 619 (95%)
were used. Around Iquitos in the Peruvian Amazon, one hectare of
forest contains 275 species and 842 individual trees of 10 centimetres
or more in diameter. Of these, 72 per cent of the species and 42 per
cent of the individual trees yield products with a local market
value. Diversity of products is a characteristic especially of the
tropical moist forest, but it also applies to other tropical forests.
For example over 70 trees and other species are listed as being used
by village people in a savannah woodland area of southern Sudan.
The uses of forest products in this area range from medicines and
" fish poisons through fruit, soap and cosmetic oils to ropes and
constructional materials.

Although many non-timber products are consumed directly
by forest dwellers, others do enter the market. Perhaps one of the
most obvious is rubber. Prior to the establishing of large rubber
plantations, the tropical forest was the main source of this commo-
dity, and Amazonia experienced a rubber boom at the beginning
of twentieth century, and indeed the production of ‘wild’ rubber
continues to the present. This boom was based on industrial demand
from the developed world, and for the most part involved non-
indigenous people but is usually characterised by a small scale of
operation. The episode is a salutary reminder that the use of
natural products of the forests is not necessarily geared to direct
consumption, nor is it necessarily carried out by indigenous peoples;
to this extent the ‘pre-industrial’ model is clearly an oversimp-
lification.

Other products with commercial value include bamboos and
rattans. These, although woody materials, are not normally classed
as timber. Rattan exports from Indonesia have been reported to
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be worth $90 million per year. In East Kalimantan, a range of
minor products including rattan and resins and even birds’ nests
and reptile skins have been an important source of income for the
rural population. Some still are, and are continiing to expand;
others have decreased in production with the rise of commercial
logging. In China, the area of natural and planted bamboo has
increased rapidly in recent decades, in response to government
-«encouragement of more intensive management of this widely
used product, and it now accounts for nearly 3 per cent of the total
forest area. In Tanzanian forests, wild bees provide large amounts
of honey for export, representing a value many times that of timber.

In many forest areas in the trepics, ‘wild’ meat constitutes a
high proportion of the animal protein tonsumed by local people.
In Nigeria, the proportion is around one-fifth and in Zaire one-
quarter; in Cameroon, Ivory Coast and Liberia it may be as high
as 70 per cent and in the Ecuadorian Amazon as much as 85 per
cent. When this meat value is computed, and added to the potential
harvesting of cayman hides and of primates for biomedical research,
the potential value amounts to over $200 per hectare per year, in
comparison with a return of a little over $150 per yeér from
commercial logging.

The commercial value of each ‘minor’ individual product may
be modest, but when aggregated the total value may be impressive
and may indeed be not insignificant alongside logging values.
The Indonesian tropical forest, for example, provides a range of
products such as rattan, resin, sandalwood, natural silk and
materials useful in the pharmaceutical and cosmetics industries.
Exports of non-wood forest products from Indonesia in the early
1980s were worth around US$125 million annually, and had
increased significantly over the previous decade, both in absolute
terms and relative to total forest product export value. In 1973,
for example, the share of non-wood products amounted to only
29 per cent of the later, but it had increased to 11.2 per cent in 1981
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and to 13.3 per cent by 1982. Some estimates are even higher; for
example, puts the 1982 value at $200 million, compared with $28
million in 1973.

Compared with those from timber production, the benefits
arising from “minor’ forest products are often relatively widely
distributed. In Indonesia, for example, huge numbers of small-
holders earn around $200 per year from non-timber products
such as rattan and orchids. In India, up to 30 million people depend
on minor forest produce for some part of their livelihood. The
production of local cigarettes, rolled in the leaves of the native tree
Dionspyros melanoxylon contributes £200 million to the local economy
and provides at least some income for 3 million part-time workers.
The total value of minor forest products in 1979-80 amounted to
around 23 per cent of that of wood. It is reported that non-wood
forest products accounted in the late 1970s for 40 per cent of the total
net revenues accruing to the government from the forestry sector,
and for 63 per cent of the exports. These figures exclude the esti-
mated 60 per cent of such products that are consumed locally and
do not enter the cash economy. Furthermore, the rate of growth of
revenues from such products (including pharmaceuticals, gums and
resins, bamboos and essential oils) was far higher than that from
commercial timber, and non-wood products generated more than
70 per cent of the employment in the forestry sector as a whole.

The diversity and potential value of ‘minor’ products are
perhaps greatest in the case of the tropical forest, but they are not
confined to low latitudes. Further polewards, forests have tradi-
tionally supplied a variety of products for local economies, and
in some cases there is still a considerable commercial value. In the
Soviet Union, for example, huge areas of forests are (or can be)
harvested for ‘minor’ products. Non-timber products can contribute
around 50 per cent of the economic value of the forest and in some
areas even more; revenue from ‘minor’ products from Belorussian
forests could reach 80 per cent of that from timber production. The
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full potential value is rarely realised, however, because commercial
gathering of products such as berries and edible fungi is often
laborious, and processing and marketing are often poorly developed.
The harvesting of such products may depend on the pattern of
ownership, amongst other factors. Where small, privately owned
woodlots are owned by absentees, for example, there is less likely-
hood that mushrooms and berries will be gathered than if they
are owned by resident farmers.

The significance and value of ‘minor’ products are often over-
looked, for a variety of reasons. One is statistical coverage. It is almost
impossible to achieve an adequate coverage of the production of
a diverse range of products, many of which are consumed at or
near the point of production and which do not enter domestic or
overseas trade. FAQ, for example, does not attempt to include
coverage of such products in its Yearbooks of Forest Products. In the
absence of such data, the value of the products can easily be over-
looked, especially in comparison with that of timber, which can
be relatively easily quantified. Timber enters international markets
and brings in foreign exchange, whereas non-wood products are
often sold locally, and are difficult to monitor and easy to ignore.
For various reasons, therefore, timber production may be perceived
to be of paramount importance, and this perception in turn may
be reflected in national forestry policies which give priority to it and
which conversely tend to neglect non-wood products.

Nevertheless, many of these products can be produced conti-
nually, and it has been concluded that it is not at all clear that the
discounted present value of annual income (in perpetuity) per hectare
from non-wood forest products must be less than the discounted
present value of log extraction per hectare. On the basis of work
on the Amazonian forest, it has been suggested that the annual
collection of fruit and latex in perpetuity could have a greater value
than sustainable timber harvest: the former could account for as
much as 90 per cent of the total value, and the later 10 per cent.
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The harvesting of non-wood products is often non-destructive,
especially when carried out in traditional ways, and may have
minimal impact on the forest ecosystem. It does not, however,
necessarily mean that the resource is always conserved. For
example, the exploitation of fauna in the Peruvian Amazon in the
1970s proved to be exhaustive, and led to a ban on the commercial
hunting of game, As recently as 1973 it generated an internal gross
product comparable to that from timber. More recently, it has been
suggested that active management could restore the wild fauna
to former levels of economic and social importance, and at the
same time eliminate the risks of extinction brought about by in-
discriminate hunting. On the other hand, the development of
logging, perhaps following the granting of logging concessions,
can seriously affect the use of the forest for these traditional pro-
ducts, and obviously the removal of the forest effectively precludes
it. Furthermore, external threats to the forest such as changing climate
or acid rain can pose serious threats to the harvesting of minor
products. For example, a sudden increase in dieback in sugar
maple in Quebec since 1982 has threatened a $40 million industry
and the livelihoods of 10,000 syrup producers. Both traditional use
and the commercial use of minor products, however, are more
usually jeopardised by the advent of commercial logging and the
transition to the industrial forest.

Many examples of conflicts between the traditional use of the
forest and logging and clearing have been reported. One of the
most celebrated is that involving indigenous groups and small-
scale rubber producers in the face of large-scale loggers and
ranchers in Amazonia, but there are many others that are less
known. For example, the clearing of riverine forests in southern
Somalia has resulted in the loss of an important resource for bee-
keeping and honey production, as well as for timber for building
and browse for livestock. Much of the forest clearance in this case
has resulted from donor-assisted refugee resettlement schemes,
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which have been carried out with scant regard for the interests of
the local inhabitants. More generally, ‘traditional’ producers have
frequently been poorly organised and poorly represented in
conflicts with logging interests or with those who would clear the
forests for other purposes. Furthermore, the harvesting of animal
products is not always compatible with logging: in Sarawak, for
example, heavy commercial logging is alleged to reduce the
sustained-yield harvest of wild meat from 54 kg per local resident
per year to about 2 kg. In 1987 several tribal groups in Sarawak set
up barricades across logging roads to protest against the damage
caused by timber companies. ‘“Traditional’ use may be compatible
with the common-property ownership which characterises many
pre-industrial forests, at least unless and until rapid population
growth occurs, but with the rise of industrial logging and private
control it may suffer severe stress. Indeed the traditional users
may be in effect dispossessed of both their land and of their
traditional forest activities. .

On the other hand, more intensive management of the forest
for timber production is not always detrimental to other products.
For example, while the yields of some berry species suffer from
the lowering of water tables following the ditching of peatland
forests in Finland, other species benefit from such treatment, and
the application of fertilisers improves the yields of mushrooms
and berries as well as the growth rates of trees. Whether the in-
creased yields are actually harvested is another matter.

The transition from the ‘pre-industrial’ forest, characterised
by a diversity of products, to the industrial stage, distinguished
by primacy of timber production, has occurred at different times
in different areas. For example, it was largely achieved in countries
such us Sweden by the end of the nineteenth century. More
recently it is well illustrated by the case of Indonesia. As late as
1938, the value of trade in minor products amounted to as much
as 13 million Dutch guilders, as compared with 16 million for
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timber. By the 1980s, the ratio had widened to 5:95. There may be
some signs that it is narrowing once again, but there is no doubt
that the transition has in general terms been difficult and painful.
Part of the problem lies in the differing perceptions of traditional
and small-scale producers on the one hand, and of logging interests
on the other. It is all too easy for ‘industrial’ foresters to allege
neglect of adequate forest management when traditional perceptions
of the forest and its ownership and use encounter the modern
economy. For example, Kumar (1987) attributes damage to forests
in Indian reserves in Alberta to the lack of management. Tradi-
tionally, such forests were used for hunting and for the small-scale
use of various products. Common-property ownership suited such
use, but could not cope with larger-scale logging for commercial
purposes.

Superimposed on these contrasting perceptions are differences
in influence and power. Traditional and small-scale users have
usually lost out to commercial loggers, who are often backed by
government. Various political factors contribute to the shift from
the small-scale, multi-product use of the ‘pre-industrial’ forest to
the large-scale timber production that characterises the ‘industrial’
forest. Several are listed by Jacobs. They include the fact that logging
may permit the extension of government power over remote lands,
whilst economic development may be perceived as synonymous
with large-scale exploitation. It may be difficult for governments
to collect revenues arising from small-scale operations focusing on .
minor products, and these operations may not be attractive to aid
agencies and their large-scale investments. Finally, small-scale
collectors and other forest users have no significant power base
from which to protect their source of income.

Formidable political and economic problems therefore underlie
the shift from the ‘pre-industrial’ to the ‘industrial’ phase. In
recent years there has been a growing awareness of the long-term
benefits that may accrue from the use of the forest for minor
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products, and in at least some areas the value of output of these
products is rising relative to that of timber. Nevertheless, major
problems still confront the commercial exploitation of these
products. The transition from local indigenous use to commercial
harvesting has rarely beer: smooth. More often than not it has
involved the growth of large-scale logging, and has been associated
with both environmental and social disruption. Whether a smoother
and less destructive transition can be made from the pre-commercial
to commercial use in the remaining areas of ‘pre-industrial’ forest
remains to be seen.

Wood Production

A diversity of products, including timber for construction and for
fuel, is characteristic of the ‘pre-industrial’ forest, but in the
modern age timber has assumed primacy, and indeed in many
instances an overwhelming predominance, in forest production.
Many forests are now managed and used solely or primarily for
timber production for industrial purposes, and in other cases the
production of fuelwood has emerged as the dominant use.

The measurement of wood production, like that of the forest
area and other forest attributes, is fraught with difficulty. Much
production does not enter the market and cannot be precisely
measured. In assembling statistics, therefore, bodies such as the
FAO have to make assumptions about the level of use of fuelwood
per liead of population, for example, and even population totals
may not be known with certainty or precision. Data for timber
production should therefore be viewed in the light of these
difficulties. '

The exploitable or operable forest area is smaller than the
total area of forest and woodlands since production in some areas
is precluded by inaccessibility or management objectives of con-
servation or protection. The definition and measurement of the
exploitable forest area are surrounded by uncertainty, not least
because different types and orders of constraints may limit
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exploitation. Some are economic; the harvesting of some forests
may not be economically viable at prevailing timber prices. This
constraint may be linked to that imposed by transport or by costs
of logging; new transport routes and new logging methods may
radically alter perceptions of exploitability. And designation of
forests for protection, conservation or recreation may also be an
effective constraint.

Conflicting trends are probably operating in relation to the
exploitable forest area. Some new areas are being opened up by
new transport lines, whilst others are being designated for non-
consumptive purposes. One of the potentially most spectacular
examples of-the former is the case of the forests along the Baikal-
Amur railway in the eastern part of the Soviet Union. It is esti-
mated by the FAO that an additional 40-50 million hectares of
exploitable forest area will be added by this development, and
there are plans to develop wood-using industries along it. As yet,
however, there has been little noticeable impact. On the other hand,
large areas have been designated as non-production forests in coun-
tries such as the United States. Extent of exploitable area therefore
changes through time, and also depends on definition. Unfortunately,
estimates of this extent rarely specify date and definition.

Current estimates of the exploitable area are around 2,000
million hectares: a figure of 1,950 million hectares is quoted for
exploitable closed forest, while data assembled indicate that the
present exploitable area is around 2,150 million hectares. They
estimate a total growing stock and net annual increment of approxi-
mately 300,000 and 5,200 million cubic metres respectively. This
estimate of net annual increment is considerably higher than some
previous estimates.

Total production or removals of wood from world forests
has been around 3,250 million cubic metres in recent years (FAO,
annually). Overall, therefore, recent levels of production may
amount to little more than 60 per cent of the estimated net annual
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increment in exploitable closed forests. On the other hand they may
exceed the net annual increment of the forest area, depending on
which estimate is accepted. Recent volumes of production are
equivalent to an average of around 0.65 cubic metres per person,
and correspond to around 0.8 cubic metres per hectare of the (FAO)
forest and woodland area and to approximately 1.6 cubic metres
per hectare of exploitable closed forest.

Of the total production, around 40 per cent is softwood
(coniferous) and the remainder hardwood (non-coniferous). These
proportions approximate to the relative extents of these forest
types, but the coniferous share has been decreasing slightly in
recent years, having fallén from 42 per cent in 1975 to 40 per cent
in 1986. This trend has been evident for many years: in 1955, for
example, production was divided almost equally between the
two types, as indeed it was earlier in the century. Furthermore, it
seems set to continue, not least because hardwoods tend to be in
surplus in the United States and many other developed countries,
while softwoods are in shorter supply.

As will be discussed more fully later, around one half of the
total production is used for industrial purposes (including cons-
truction and pulping) and the remainder is consumed as fuel-
wood or charcoal. These two sectors show marked contrasts in
trends and in spatial patterns of production.

Trends in wood production

Wood production has increased rapidly in recent decades, especially
in the developing world. It rose from 1,823 to 3,252 million cubic
metres between 1956 and 1986, representing an increase of around
75 per cent. On a longer timescale, the rate of expansion appears to
be considerably slower, for example Zon and Sparhawk (1923)
estimated total production at 56 billion cubic feet, corresponding
to approximately 1585 million cubic metres. They emphasised that
their figure was an estimate for individual countries they considered
that it was within 15-25 per cent of the actual production of saw
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timber but that it could be more than 50 per cent in error for fuel-
wood. Their figure, however, may well be an overestimate, and
according to FAO (1946) the volume cut in 1937 was 1,500 million
cubic metres, compared with 1,674 million cubic metres around
1950. Whatever the precise levels of production in the first half of
the century may have been, it is highly probable that they were
less than half of present-day figures.

Fuller statistical coverage and better time-series data become
available after the Second World War, although this improvement
may bring its own problems. It is possible that part of the apparent
trend in levels of production is statistical rather than real, and results
from more comprehensive coverage and changes in procedures
rather than from actual changes in levels of production. Statistics
contained in FAO Yearbooks of Forest Products are sometimes revised
(usually upwards) in successive volumes, posing problems for the
assemblage of time-series data (and their graphical representation).
For example, total production for 1975 was given as 2,452.7 million
cubic metres and 2,579.2 million cubic metres respectively in the
FAQO 1976 Yearbook of Forest Products 1966-76 and 1986 Yearbook of
Forest Products 1977-86. The identification of the precise nature of
long-term trends is therefore difficult, and there is a danger that real
trends may be exaggerated by the more comprehensive coverage
of recent years.

Nevertheless, the general trends are clear, and are dominated
by a rapid rate of increase, especially since 1960s. During the ten-
year period from 1977 to 1986 for example, production increased by
20 per cent, compared with an increase of 11 per cent during the
previous ten-year period and one of 10 per cent between 1954 and
1963. During the 1970s and 1980s, annual rates of increase often
exceeded 2 per cent and sometimes approached 3 per cent, although
almost no growth occurred from 1980 to 1982. In the 1950s and 1960s
annual rates of increase averaged little over 1 per cent.

Until recently, the rate of increase in wood production has been
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less than that of human population, but in the last few years the
relationship has been reversed and growth in wood production
now exceeds that of population. Between 1975 and 1985, population
increased by 18.7 per cent, but total wood production rose 22.7 per
cent. The increase in production of industrial roundwood (17.2 %)
was slightly less than population growth, but the rate of increase
in fuelwood production, at 28.3 per cent, was substantially greater.
Over the longer term, however, there has been little change in per
capita levels of production (and consumption); the average figures
in cubic metres per person were 0.7 in 1937 and 0.65 in 1985.
Stagnation of levels of wood production in the early 1980s gave
rise to a belief that the steady growth of consumption that had
taken place since the Second World War was now slowing down
and that the flattened S-shape (logistic) curve that characterised
growth in consumption of some other natural resource commodities
such as oil and some minerals applied also to wood. The recent
resurgence of rates of increase of production in the second half of
the 1980s, however, may call such beliefs into question, dnd it is
too early to reach definite conclusions. In many resource sectors,
unusually high rates of growth in production and consumption
during the third quarter of the present century fuelled fears of
resource shortages, and prompted upward revisions of levels of
production. In many instances, however, such trends have not
been sustained, and the question arises as to whether the down-
turn in growth rates during the late 1970s and early 1980s was a
temporary blip, reflecting the effects of the recession following oil-
price rises, or the beginning of a new phase. A major complication
in considering wood production is that different trends apply in
different sectors, as is discussed subsequently. Projections of overall
trends are therefore fraught with difficulty.

In the forest sector, as in many other resource sectors, the
rate of growth during the Jate 1960s and 1970s was unexpected,
and many forecasts and projections made in the 1950s and 1960s
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were exceeded by actual levels of production and consumption.
Conversely, many more recent forecasts and projections have
turned out to be overestimates, and in the last few years expected
rates of increase have tended to be revised downwards. The signi-
ficance of such forecasts and projections is profound, as they
influence decisions on issues such as afforestation and investment in
the forest-products industries.

Sectoral trends

Overall trends in wood production, however, conceal important
contrasts between different sectors. The rate of increase in production
of hardwoods or non-coniferous species has been greater than
that of conifers. Between 1975 and 1985, for example, non-coniferous
removals increased by 27.7 per cent, compared with 15.7 per cent
for coniferous removals. Between 1960 and 1980, the estimated
annual growth in softwood consumption (as industrial roundwood)
averaged 2.4 per cent per annum, whilst the corresponding figure
for hardwoods was 3.2 per cent. These differential trends reflecta
shift southwards in production, towards the tropical forests in
particular.

In recent years the rate of growth in production of industrial
roundwood has slowed down, while that of fuelwood has accele-
rated. Some uncertainly arises since the growth in fuelwood is
relatively steady, whilst trends in industrial roundwood fluctuate
considerably from year to year in accordance with the state of the
world economy. The choice of study period therefore strongly influ-
ences the apparent rate. Between 1962 and 1974, annual growth
rates averaged 3.0 per cent, while from 1974 to 1984 they fell to
0.6 per cent, prompting to conclude that the steady growth in
consumption since World War Il was slowing down, and that a
turning-point has been reached. The picture is complicated, how-
ever, by the stagnation that characterised demand for industrial
roundwood during the recessions of the mid-1970s and early 1980s.
Almost no growth occurred from 1974 to 1976 and from 1980 to 1982.
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Over the period from 1970 to 1982, annual growth rates averaged
1.0 per cent. Since 1982, however, more rapid growth has been
resumed, and during the ten-year period from 1977 to 1986,
growth in production of industrial roundwood amounted to 14.0
per cent, compared with 13.9 per cent in the previous ten years.
The slowing of growth that seemed apparent in the early 1980s is
therefore called into question, and its significance in relation to
long-term demand-supply relationships is debatable. Nevertheless,
projected rates of increase in consumption for the period between
1980 and 2000 are substantially lower than those for 1960-80.
Annual rates for softwoods are expected ‘to average 1.8 per cent
(compared with 2.4 %), while those for hardwoods are 2.3 as
compared with 3.2 per cent.

Whatever the long-term significance of apparently decelerating
rates of increase in the industrial roundwood sector may be how-
ever, it is clear that growth rates for the production of industrial
roundwood have been slower than those for fuelwodd. Annual
rates of increase for industrial roundwood between 1963 and 1983
averaged 1.46 per cent, compared with 1.66 per cent for fuelwood.
For fuelwood there is a clear pattern of accelerating production,
with increases of 9 per cent and 26 per cent respectively for 1967-76
and 1977-86. Fuelwood production has increased rapidly and
steadily, while the production of industrial roundwood has grown
more slowly and less continuously. These trends have been com-
pletely reversed since the 1950s and early 1960s. In the second half
of the 1950s, for example, almost all the increase in total round-
wood production was accounted for by an increase in the production
of industrial roundwood. The net increase in fuelwood production
of less than half a million cubic metres against a total of nearly 900
million cubic metres conceals the fact that the growth of fuelwood
production in the developing world was counterbalanced by a
long-term decrease in its use in Europe, the Soviet Union and
North America.
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Much of the recent growth in total production, therefore, is
accounted for by the production of fuelwood. External factors
such as the major increases in oil prices during the 1970s have
had a major influence on trends in fuelwood production, not only
in the developing world but to some extent also in the developed
world. In Europe, for example, the downward trend in fuelwood
consumption which began in the 1950s was reversed in the late
1970s. In the United States, the production of fuelwood increased
fivefold between 1976 and 1981. On the global scale, a growing
proportion of total production in the post-war period has been
accounted for by fuelwood. For example, in the mid-1980s (1984-6)
its percentage was 51.7, compared with 49.7 in 1975 and an average
of 49.6 per cent in the early 1960s. In the mid-1950s, the proportion
was 48.5 per cent. On a longer time-scale, however, the trend may
have been different: Zon and Sparhawk (1923) estimated that 53.6
per cent of the removals at their time of writing were for fuelwood.
The spatial pattern of wood production
The spatial pattern of wood production is complex and varied.
Disparate factors underlie it, including the extent and nature of
the resource, environmental conditions in relation to tree growth,
intensity of management and relative proportions of ‘natural’ and
‘man-made’ forests, forest classification (whether for protection or
production) and accessibility. Prody\ction may also depend on the
status and condition of the resource, and in particular whether sus-
tained-yield management is being operated or whether the resource
is diminishing as a result of over-exploitation. These factors operate
on varying scales, and give rise to contrasting patterns of wood
production at levels ranging from the continental to the local.

Just under half of the world area of forest and woodland lies

in the developed world, and an almost identical proportion of wood
production comes from that area. In general terms, tree growth
rates in the non-tropical forests that make up most of the forest
and woodland area in the developed world are slower than those
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in the developing world, but on the other hand the intensity of
management is often higher. In general terms, however, a slow
shift towards the developing world is apparent: in 1975, for example,
its share of production amounted to 53.3 per cent, and it now has
a large share of a larger total. In other words, the rate of increase
has been considerably greater in the developing world than in
the developed world.

In contrast to the accordance of shares of production and of
the forest and woodland area at the scale of twofold division into
developing and developed world, marked imbalances occur at the
continental level. Relative shares of production and area rarely
match at this level. The relatively intensively managed forests of
Europe, for example, make up less than 4 per cent of the world’s
forests, but account for nearly 11 per cent of the production. Con-
versely, South America has more then one-fifth of the forest, but
less than 10 per cent of the production. When total production is
broken down into industrial roundwood and fuelwood, however,
the distribution becomes very different. The developing world
accounts for more than four-fifths of fuelwood production, but less
than one-quarter of that of industrial round-wood. Nevertheless,
its share of industrial roundwood production is increasing, having
risen from 19.8 to 23.0 per cent between 1975 and 1985. Similar
contrasts occur at the continental level, with Europe and North
America in particular being characterised by contributions to
industrial roundwood production that are far greater than their
share of the world forest area. These two areas produce well over
half of the world’s industrial roundwood, from little more than
one-fifth of the world’s forest area.

Six countries accounted for 50 per cent of production in 1980,
while 80 other countries collectively produced less than 5 per cent
of the total. A small number of large, extensively forested countries
such as the United States, the Soviet Union, Canada and Brazil
stand out as major producers. In general terms, production is
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roughly proportional to the extent of the forest resource, but there
are exceptions to this generalisation, and various qualifications need
to be made. The productive potential of a national forest resource
depends not only on its extent, but on environmental factors and
intensity of management. Production levels also depend on accessi-
bility, logging costs and trade; relatively cheap imports may dis-
courage home production in high-cost countries such as Japan.
Furthermore, in some countries little use of the forest has as yet
been made for wood production, while in others the forest resource
has been over-harvested (in relation to growth). Removals exceeded
the potential cut in Finland in the 1960s and Sweden in the 1970s,
prompting attempts to stimulate long-term wood supply. More
seriously, over cutting may reduce the extent and productivity of
the forest resource on the long-term. In Pakistan, for example, annual
growth accounts for only 62 per cent of the annual wood harvest,
and the forest resource is being eroded.

Intensity of production

Harvesting intensity varies in terms both of growing stock and
area. On the basis of an estimated total of 300,000 million cubic
metres of growing stock, the overall harvesting intensity in the
early 1980s was 0.8 per cent. This intensity was slightly higher in
the developed world, at 0.9 per cent, where generally slower
natural growth rates were offset by higher intensities of manage-
‘ment, than in the developing world, for which the average was
0.7 per cent. There much of the forest was completely unmanaged.
The highest harvesting intensities were recorded in Europe, where
they averaged 2.2 per cent. Even there, however, removals were
less than the net increment, and the standing volume is increasing.
Indeed, it is expected that it will increase by around 8.5 per cent
between 1970 and 2000. Growing stock is also increasing in the
United States; between 1952 and 1977 the softwood-growing stock
inventory increased by 7 per cent and that for hardwood by 43
per cent. In much of the wotld, therefore, the intensity of production
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is such that the wood resource is expanding, despite record levels
of production. The pattern of intensity of production per unit
forest area is a small number of mainly low-latitude countries
showing as having very high levels of production in excess of 5
cubic metres per hectare of forest and woodland. This group con-
tains a number of small countries such as Haiti, Costa Rica and
Nepal, where the rate of deforestation is high, and also a number
of countries such as Egypt and Libya where the forest area is
very small. In contrast with the scattered pattern of very high-
production countries, that of countries within the 2-5 cubic metres
per hectare category is more compact. Most European countries
lie in this group, and here there is a combination of moderate
‘natural’ growth rates and relatively intensive management.

Most of the large countries with large forest areas have
production ratios below the world average. Both Canada and the
Soviet Union are characterised by relatively low levels of produc-
tion, resulting in large part from a combination of hostile climatic
conditions which limit growth rates and inaccessibility which
precludes the exploitation of much of the forest. Much of the tro-
pical zone, however, also is in this group, and it is noticeable that
many tropical countries in Africa and Latin America have low or
very low levels of wood production per unit area. While climatic
conditions are of course well suited to high ecological productivity
in such areas, again the problem of inaccessibility has constrained
the level of production to date.

If the forest is to be harvested on a long-term sustained-yield
basis, the ultimate limit on removals or levels of production is net
annual increment (NAI). Various natural and human factors deter-
mine NAI including type and intensity of management. Climate
is one of the main natural variables, and climatic gradients are
clearly reflected in the spatial pattern of net annual increments per
hectare. On the maritime margins of north-west Europe, for example,
NAI values for exploitable closed forests are 8.51 and 7.29 cubic
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metres per hectare respectively for Denmark and Ireland. In the
colder and more continental climates of Sweden and Finland, the
values fall to 3.01 and 3.18 while in the Soviet Union and Canada
they are 1.40 and 1.66 cubic metres per hectare respectively. For
the Soviet Union, the average per hectare of forest-covered land (as
opposed to exploitable closed forest) is quoted by Blandon (1983) as
1.15 cubic metres. This average conceals a marked contrast between
the European part, at 1.58, and the Asian section with an average
of 1.01. NAls also decrease towards the drier areas of southern
Europe and the Mediterranean, with values of 2.05 for Greece and
1.01 for Cyprus being reported. In the more arid areas, for example
of Soviet Central Asia, average increments may be less than 0.1
cubic metres per hectare.

The ratio of fellings to net annual increment depends not only
on ownership, control, accessibility and forestry policy, but also on
factors such as the age and maturity of forests, since very young
forests are unlikely to be productive in this sense, irrespective of
their growth rates. Fellings in most European countries usually
amount to around 70 to 80 per cent of the net annual increment.
In the continent as a whole, removals have recently amounted to
just under 70 per cent. In the United States, they amount to around
63 per cent, whereas in 1920 wood consumption was more than
four times the level of wood growth.

These national average ratios vary both spatially, as will be
shown subsequently, and with ownership. Much of the surplus of
growth over removals in the United States, for example, is con-
centrated in non-industrial private forests owned by farmers and
other small-scale owners. Comprehensive figures for other parts
of the world are not available, but strong contrasts are likely to
exist between the ‘high” and ‘low” producing countries. Many of
the former are likely to be characterised with ratios well in excess
of unity, and with rapid deforestation, while very low ratios obtain
in the cases of lightly peopled countries, such as Surinam, which
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are still extensively forested and which have experienced relatively
few and light pressures on their forest resources. In other instances
such as Japan, production levels are relatively low because of the
high costs of logging and extraction, competition from imports, and
low-quality timber from some of the forests.

Within individual countries, strong variations may exist in
both levels of production and in ratios of actual to allowable cuts.
These variations reflect not only environmental conditions, but
also forest classification and accessibility. Production may be in-
hibited by the classification of the forest for purposes of protection,
conservation or recreation, and also by the need in some instances
for harvesting to be incorporated within multiple-use frameworks.
Remoteness and inaccessibility are also powerful influences, which
are perhaps most clearly demonstrated in the case of large countries
such as the Soviet Union. In 1975, for example, 70 per cent of its
total wood production came from the European-Uralian section
of the country, which contained only 18 per cent of Soviet mature
timber. Conversely, only 30 per cent of the production came from
Siberia and the Far East, which contained 82 per cent of the timber.
In the former area, the cut represented 3 per cent of the growing
stock; in the later it amounted to only 0.3 per cent, while production
as a percentage of defined allowable cut ranged from 91 per cent in
the European part of the country to 29 per cent in Western Siberia
and 32 per cent in the Far East. The annual allowable cut is itself
alleged to exceed the net increment by a factor of 2.5 for the country
as a whole, and by ratios of 4 and 5 for the Ukraine and Lithuania
respectively. In countries such as the Soviet Union and Canada,
apparently low ratios for the country as a whole may therefore
conceal the fact that some of the more accessible forests are over-
utilised, while the more remote ones are almost unused.

Trends in the spatial pattern of production
The spatial pattern of production is characterised by some
elements of continuity on the timescale of the present century but
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more especially by change during recent decades. Throughout
the century, production has been dominated by the United States
and the Soviet Union, but their degree of dominance has been
weakening. In the early part of the century, these two countries
accounted for 57 per cent of the total wood production. In 1965
their share had fallen to 35 per cent, and by 1985 to just over one-
quarter. In the 1920s the United States accounted for over 40 per
cent of world production, its production being three times greater
than that of the Soviet Union and nearly ten times that of the next
largest producer, Canada. In the second half of the twentieth
century, American production has actually been lower than it
was in the 1920s. In the Soviet Union, on the other hand, production
increased more than sixfold between 1922 and 1975; by then it
was the leading producer although more recently it has been over-
taken once more by the United States.

The weakening degree of dominance of the United States
and the Soviet Union is accompanied by the rapid expansion of
production in the developing world and especially in tropical
countries. In the Philippines, for example, it has expanded from
Zon and Sparhawk’s estimate of just under 1 million cubic metres
in the early 1920s to 35 million cubic metres in 1985; in Nigeria the
increase was from 2.5 to 98 million cubic metres, while in Indonesia
(Dutch East Indies) it was from 5 to 154 million cubic metres.
Much of this growth has taken place within the last 20 years; in
Brazil, for example, production increased from 148 to 238 million
cubic metres between 1966 and 1986, while the corresponding rise
in Indonesia was from 93 to 158 million cubic metres. In com-
parison, production in northern countries has been relatively static.
In Sweden, for example, total production amounted to 52 million
cubic metres in 1986, compared with 51 million in 1966. In some
tropical countries, much of the rapid increase in recent decades is
accounted for by commercial logging. For example, log production
in Indonesia is reported to have increased from 2 million cubic
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metres in 1967 to 26 million in 1973. In others, the production of !
industrial roundwood has actually decreased, but that of fuelwood
has increased rapidly. In Ivory Coast, for example, industrial round-
wood production fell from 5.5 to 3.6 million cubic metres between
1976 and 1986 (after increasing rapidly during the previous decade),
while fuelwood production increased from 5.5 to 8.25 million
cubic metres.

Over the period from 1976 to 1986, large increases in produc-
tion occurred in most of Africa and Asia, and in much of Latin
America. Outside the tropics, countries showing an above-average
increase include a group in north-west Europe (including Britain,
Ireland and Spain) where twentieth century afforestation is now
being reflected in rapidly increasing production. Another group,
including Finland and Canada, is characterised by a more stable
forest area combined with more intensive management. Several
European countries, on the other hand, have below-average in-
creases, which in some cases may conceal the fact that both inten-
sities of management and production levels were relatively high
before the base-line of 1976. A number of neo-tropical countries,
including Venezuela, Guyana and Surinam, also have production
increases well below the world average: in these cases the tropical
forest has been exploited much less than in neighbouring countries
such as Brazil and Ecuador.

While the detailed spatial pattern of roundwood production
at the national level is complex, the overall pattern on the global
scale is very clear. Production from low-latitude areas in general
and from the tropics in particular is rising relative to that from
Europe, the Soviet Union and North America. On the basis of the
production estimates for the early part of this century, the three
continents of Africa, Asia, and South America accounted for 20
per cent of total world production. By 1965 that percentage had
doubled, and by 1985 had increased to around 54 per cent. A clear
shift towards lower latitudes is evident in roundwood production.
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With production levels in many northern countries already high in
relation to growth rates although still capable of some increase
with more intensive management and with the use of exotic
species. With considerations of environment and amenity playing
increasing roles in forestry policy and forest management in these
countries, this trend is likely to continue, especially if high-yielding
plantations are extensively established in tropical latitudes. Within
Europe, a less obvious shift is likely as the century draws to an
end. Maritime countries such as Britain and Ireland are likely to
expand their production rapidly, as postwar plantations become
productive, while rates of increase in central and northern Europe
are likely to be slower. On both the global and European scales,
therefore, there are likely to be signs of a shift towards the areas
of high potential productivity, while the dominance of the northern
coniferous forest zone weakens in relative terms.
Industrial roundwood
Major contrasts exist between the industrial roundwood and fuel-
wood sectors in terms of composition, pattern and trends. While
around 60 per cent of total roundwood production is from non-
coniferous species, almost 70 per cent of industrial roundwood is
coniferous. The extent of coniferous domination in this sector is
slowly decreasing, as higher rates of annual increases in production
characterise the hardwood sector of industrial roundwood as well
as in fuelwood. Little change occurred during the first half of the
century. Three-quarters of the supply of industrial wood came from
coniferous forests, compared with 76 per cent in 1955. By 1985,
however, the percentage had fallen to 69, reflecting in particular
the increasing exploitation of the tropical forest for this purpose.
Nevertheless, the production of industrial round-wood is still
strongly concentrated in the developed world.

The domination of industrial roundwood production by the
United States and the Soviet Union is clearly defined and long
established. Together, these two countries accounted for over 44
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per cent of production in 1985, and if the contribution of Canada,
the third major producer, is added, then the share amounts to 56
per cent. The same three countries were the largest producers in
the early part of the century, accounting for around 74 per cent of
the production of industrial timber. The United States alone pro-
duced 53 per cent of the world’s industrial timber at that time. Its
share has decreased subsequently, to around one-quarter, as have
those of the two other leading producers.

Although the United States and the Soviet Union remain
dominant, their share of production is likely to continue to decrease,
as production in tropical and other low-latitude countries increases.
North America’s share of softwood production, for example, is pro-
jected to decrease from 39 per cent in 1980 to 34 per cent in 2000,
and Western Europe’s share will also fall while those of Japan
and Latin America are likely to increase.

Brazil is now the fifth largest producer, whereas it was the
seventh largest in 1975 and the eleventh in 1965. A number of other
tropical countries are now major producers, including in particular
Malaysia and Indonesia. In contrast to old-established countries
such as Sweden where production levels hove been relatively
stable in recent decades, output from most tropical countries has
expanded very rapidly. Commercial logging on a large scale began
in many tropical countries in the 1960s and expanded in the 1970s.
In Malaysia production rose by 49 per cent between 1975 and
1985, while in Indonesia it increased by 45 per cent. East Kalimantan
(Indonesia) exemplifies the rapid expansion. Mechanical logging
began in a joint venture with a Japanese company in 1960. In 1962
there were two concession-holders on an area of 400,000 hectares;
by 1983 the number of concession-holders had grown to 106,
working over 12.35 million hectares. In some countries production
rapidly grew to levels that could not be sustained, and soon dropped.
For example, production fell by 46 per cent in the Philippines
during the same period, and in Ivory Coast the decrease was 10
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per cent. A similar trend had previously been experienced in some
other African countries such as Nigeria and Ghana. In the later,
timber exports decreased spectacularly from 124 million cubic
metres in 1973 to 11 million cubic metres in1982. In these countries
the resource was over-exploited rather than husbanded, and the
result was its erosion in the same way in which very different forest
resources of countries such as the United States were damaged
earlier in the century (see Chapter 3). Cycles of expansion and con-
traction reminiscent of the ‘boom and bust’ cycles of the Lake States
and other parts of the United States a hundred years ago have been
experienced in successive tropical countries over recent decades.

In the long term, the prospects of tropical countries as major
producers of industrial roundwood are likely to depend largely
on the successful establishment of a major plantation element in
their forest resources. Sedjo (1984, 1986) concludes that these
potential returns are large in a number of regions, including parts
of the tropics and Southern Hemisphere, and on the basis of his
figures such areas clearly outshine areas such as Scandinavia and
the Northwest of the United States. On the other hand start-up costs
may be high in some non-traditional locations, and both political
and silvicultural risks may be high.

A number of countries, notably in subtropical latitudes, have
been successful in establishing plantations to meet domestic
requirements of industrial wood. For example, Chile, Kenya and
Zambia succeeded in this respect over a relatively short time-
scale of around twenty years. In Brazil, 4 million hectares of
plantations now supply 60 per cent of domestic needs, compared
with the 10 per cent from the 280 million hectares of Amazonian
forest. At present industrial plantations comprise only 1 per cent
of the forest area in Latin America, for example, but they already
supply one-third of the continent’s industrial wood. By the year
2000, production from industrial plantations will be almost four
times higher than in the mid-1980s, and they will account for
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about half of the continent’s production. By 2000, perhaps as much
as one-third of all industrial roundwood removals in tropical
countries will come from plantations, compared with 7 per cent
in 1975. In absolute terms, supply may increase tenfold between
1980 and 2000, reaching 100 million cubic metres per year.
Composition of demand

The composition of demand for industrial wood has changed
radically during the twentieth century. Demand for constructional
timber and for pitprops has fallen, while that for wood for pro-
cessing into pulp or board has increased. The trend is most apparent
in old-established industrial countries such as the United States,
for which the changing pattern of utilisation of wood is maintained.
In addition to the underlying trend of decreasing use of fuelwood,
there is a clear shift from lumber towards manufactured wood
products. Lumber consumption per capita has fallen to around
one-third of its peak value at the beginning of the century, although
the rate of decrease has slowed since around 1940. At the same
time, both total and per capita consumption of pulp and plywood
have risen steadily throughout the century. Worldwide, the ratio
of production of sawlogs to that of pulp-wood has decreased from
around 4:1 in the 1940s to little more than 2:1 in the 1980s. This
trend reflects a steady decrease in the ratio of consumption of
sawn wood to that of pulp and other highly processed products.
Pulp and reconstituted panels accounted for around one-third of
all industrial consumption in 1960, but by 1980 was almost 50 per
cent and by 2000 may approach 60 per cerit. This long-established
trend reflects differential growth rates for different wood products.
Consumption of fibre-based products has grown much faster
than that of ‘solid wood’; the comparative annual rates of increase
between 1960 and 1980 averaged 4.6 and 1.3 per cent respectively.
For the period from 1970 to 1982, annual growth in demand for
industrial roundwood has averaged 1.0 per cent, compared with
percentage rates of 2.0 for pulp, 3.2 for wood-based panels and



180 : The Use of the Forest Resource

4.2 for paper for writing and printing. The corresponding figure
for sawn wood is around 0.5 per cent. In all these sectors, growth
rates are much higher in the developing world than in the world
as a whole or in the developed world.

In short, demand has been growing much faster for manu-
factured products than for sawn wood, and growth in the production
of saw logs is now close to zero. These points are of fundamental
importance in relation to prospects for the future adequacy of
supplies of industrial wood. There are signs that coniferous sawlog
resources that are economically exploitable are decreasing in
traditional producing countries such as Canada and the Soviet
Union, whilst the environmental lobby and conservation measures
may limit the harvest from the remaining virgin coniferous forests
of the United States. Potential supplies of wood for the more highly
processed products are more plentiful and more widespread; these
uses can draw on an increasing range of forest resources as wood
technology develops. The perception of useful timber resources
changes with technology, and in practice each succeeding techno-
logical advance has been followed by an increase in the resource
estimate.

In the early days of the wood pulp industry, spruce was the
most suitable raw material, and early pulping plants were located
mainly in areas such as northern Europe and the Northeast of the
United States where spruce was abundant. Subsequently processes
using pine were developed, initially for packaging materials and
later also for fine paper. Thereafter, forests containing little or no
spruce, which could previously be used only for lumber, became
potential sources of paper-making fibre. New areas were therefore
opened up, especially in the American South, where large areas
of pine plantations were established on worn-out agricultural
land, and more recently in Latin America and Oceania. This process
of expansion has continued with the development of processes
for pulping hardwood. The combination of technical developments
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and availability (and hence price) of hardwoods has led to a rapid
growth in the use of broad-leaved species in pulping. This trend
has been in operation even in traditional soft-wood areas such as
the Nordic countries, where the proportion of hardwoods in pulp-
wood removals increased from 3 per cent in 1950 to 16 pet cent
by 1972. The trend, however, has been most spectacular in the
case of Japan, where the contribution of hardwoods to pulp-wood
supply increased from 11 to 60 per cent between 1955 and 1970.
This increase was accompanied by a rapid growth in imports of
hardwood chips from the mid-1960s. These chips came initially
from eucalyptus forests in Australia and from rubber and man-
grove trees in Malaysia. During the 1970s, trade in chips of mixed
tropical hard-woods (‘jungle wood’) developed between Papua
New Guinea and Japan. While tropical rain forests still have
limited industrial value, in Papua New Guinea mixed forest con-
taining 120 tree species has been used for the production of chips
for export to Japan. Such a change could revolutionise the use of
the mixed tropical forest, where for long only a handful of tree
species were considered commercially attractive. On a more modest
scale, the same trend towards a widening of the range of species
perceived as useful is evident in Indonesia. There the change in
emphasis from log production for export to use for local plywood
and sawmill industries has been accompanied by a widening of
the range of harvested species.

The rise of the manufacturing sector has also been accom-
panied by an increase in the level of utilisation. While wasteful
exploitation characterised the American forest industry around
the turn of the century, efficiency has since increased markedly.
For example, in the United States the Weyerhauser Corporation
reported that the level of timber utilisation per unit area increased
from 21 per cent in 1950 to 79 per cent in 1975. In Indonesia, almost
one-third of the timber cut is regarded as waste because of rot or
shattering, and logging waste, including damaged trees, amounts
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to 30-40 per cent of the timber harvested. There is still plenty of
scope for further improvement in efficiency, but in the United
States, for example, the overall efficiency of wood utilisation has
increased steadily at an annual rate averaging 0.8 per cent
between 1950 and 1979.

World-wide, use of mill residues has increased sharply in
recent decades. Their contribution to total wood consumption rose
from 5.7 per cent to 11.4 per cent in 1980, and may reach 12.7 per
cent in 1990. It may amount to the equivalent of 300 million cubic
metres of roundwood by 2000. Furthermore, waste papers can be
recycled as inputs into some manufacturing processes, thereby
reducing the requirement for roundwood. In the United States,
the waste-paper recovery rate is around 25 per cent, while in Japan
it has reached 50 per cent. Thereby achieving a major saving in
primary raw material and in energy requirements in paper manu-
facture. In short, recycling and increased use of residues are likely
to mean that net demand on the forest will increase less rapidly
than consumption of wood products. In this respect, trends in the
use of the forest/timber resemble those in other resource sectors
such as mineral ores. With changing technology, perceptions of
useful resources are revised, and increasing use is made of non-
primary inputs (such as scrap metal). Both these trends tend to
reduce pressures on the natural resource.

Trade in wood and wood products

A complex pattern of international trade in wood products has
evolved, although less than 10 per cent of the total world pro-
duction of wood leaves its country of origin. Wood itself is a low
grade and poorly transportable material, and only a small and
decreasing volume of roundwood enters international trade. This
volume amounted to around 3.4 per cent of total roundwood
production in 1985, compared with 3.9 per cent in 1975. Almost
all the roundwood entering international trade is intended for in-
dustrial purposes: trade in fuelwood is negligible. The proportion



The Use of the Forest Resource : 183

of production entering international trade increases with degree
of processing. A marked differential exists between the shares of
coniferous and non-coniferous saw logs traded in this way is well
under 10 per cent, while the corresponding proportions for several
processed or manufactured wood products are under one-fifth.
The overall pattern of imports and exports of forest products
is very complex. Many ‘northern’ countries are both importers
and exporters, tending to import relatively basic products and to
add value to these in industries developed initially on the basis of
domestic wood production. Despite the complexity of the pattern,
however, a number of general points stand out. First, a large pro-
portion of trade in forest products comes from developed countries.
These countries accounted for 90 per cent of the trade in 1963 and
86 per cent in 1985 (by value). North America and northern Europe
have been the major exporters of manufactured forest products,
most of which have been based on softwoods, and account for over
half the exports. Second, much of the trade is concentrated in a
few major flows. Around half of world trade in forest products in
recent decades has occurred in three main spheres: within North
America, within western Europe, and between northern and western
Europe. In addition, Japan alone accounts for around 10 per cent
of all imports, and is the focus of a rapidly expanding export trade
from south-east Asia and the Pacific rim countries. On the basis of
the gross value of imports of forest products, Japan is outranked by
the United States, but it is the leading country in terms of net
imports. In the United States, the huge value of imports is offset by
exports. Japanese trade in forest products differs from that of the
second largest net importer, the United Kingdom, in several respects.
While the later is poorly endowed with forest resources, Japan is
one of the most extensively forested countries in the world.
Paradoxically, it is also the largest importer. Japan also has a very
different trading sphere centred in the western Pacific, while
British supplies have traditionally come from North America and
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northern Europe. Furthermore, Japanese imports of saw logs and
pulpwood are several orders of magnitude greater than those of
the United Kingdom. Japan has favoured the import of primary
products, while most of the forest-product imports into the United
Kingdom are processed or manufactured. This policy of importing
raw material rather than processed products has been supported
by differential tariffs which discriminate against value-added
products and which protect domestic industries. Such differentials
are not unique to Japan, although they are pronounced there. Tariffs
on wood products generally increase with the level of processing,
and the effect has been to favour the maintenance of processing
industries in the ‘traditional’ forest-industry countries of the deve-
loped world, whilst discouraging the growth of manufacturing
capacity in the developing world. At the same time, however, tariffs
in developing countries are often even higher than in their deve-
loped counterparts, and also escalate with the level of processing.

For various reasons, this pattern of concentration of forest-
product industries in the developed world in general and in Japan
in particular is now changing. One reason is the general liberalising
of trade and reduction or dismantling of tariff barriers. Another is
the growing production of industrial roundwood from plantations
in non-traditional locations such as Latin America, south-east Asia
and the Pacific rim countries, at a time when there is little short-
term scope for further expansion of production in traditional forest-
product countries such as those of northern Europe. For example,
Brazil by the mid-1990s is likely to produce quantities of pulp
that are large in relation to world production, and is therefore
likely to have a significant effect on world markets. National bans
on log exports imposed by some countries in an effort to encourage
the growth of domestic wood-using industries also encourage the
trend. Also exports of logs from North America gave rise to much
controversy from the 1960s and led to bans on exports of logs
from federal forests. Furthermore, some forest-products industries
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may be perceived as polluting, and their expansion may be less
than welcome by the environmentally conscious citizens of deve-
Ioped countries. In the case of Japan, for example, a preference is
now being shown for expanding imports of pulp rather than wood-
chips, partly because of environmental concerns, partly because
of instability in the supply of wood-chips, and partly because of
decreasing Japanese competitiveness in pulping. Much of the
country’s pulping and paper-making capacity is based on out-
dated machinery more than twenty years old. Rather than modernise
such plant, several companies are actively seeking to develop
overseas operations, including joint ventures in locations such as
Tasmanija. Considerable advantages in terms of costs of raw
materials, as well as in fuel, labour and management may also be
enjoyed in countries such as Australia, New Zealand, Brazil and
Chile, compared with Japan and other countries more traditionally
associated with forest-products industries. Some examples of
these advantages in terms of timber production and other costs.
In short, the global structure of the wood-processing industry is
being reshaped. “Traditional’ forest-product countries such as Finland
have responded by becoming increasingly specialised in higher-
value products in which wood costs are relatively less important.
As recently as the early 1960s it was the leading exporter of round-
wood. This role has since passed to less developed countries, and
the emphasis has switched to wood-based panels and then paper.
Some developing countries have undergone similar changes, and
have switched to panels as new countries have emerged on the
scene as log exporters.

Nevertheless, several factors retard or inhibit this global res-
tructuring, and in particular the growth of woodpulp industries
in developing countries. These include requirements of very
large capital investments and a high level of technical skill, as
well as substantial and dependable supplies of timber suitable for
pulping. On balance, however, the pattern of pulp production is
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likely to continue to shift away from its traditional concentration
in the northern coniferous forest zone.

While the pattern of trade varies from product to product, it
is in general terms characterised by a high degree of involvement
of the developed world. Collectively, the developing countries
have accounted for no more than 16 per cent of total exports of
wood products. Large proportions of the international trade of
most forest products are between developed countries, and the
main foci, in North America, northern and western Europe and
Japan, all lie in the North. Examples of the pattern of flow of one
product—saw logs. Japan and to a lesser extent (South) Korea and
China stand out as by far the main centre of imports of coniferous
sawlogs, most of which come from the Pacific Northwest of the
United States and western Canada. The major areas with exportable
surpluses of softwood are North America and the Soviet Union,
smaller flows occur from Chile and New Zealand. The export of
logs and saw timber from New Zealand to Japan began in 1958
and 1967 respectively, and by 1972 they represented some 25 per
cent of roundwood removals. While the Japanese economy was
growing rapidly during the 1960s and early 1970s, it seemed that
export growth could continue indefinitely. Such expectations led
to the rapid expansion of plantations, but both Japanese consump-
tion and New Zealand exports have subsequently declined.

In contrast with the Pacific theatre, which includes significant
flows from the Soviet Far East to China and Japan, the European
system (consisting of flows between western Europe countries
and between the (western) Soviet Union and its neighbours is a
relatively minor one, as is also trade between the United States
and Canada.

International trade in hardwood (non-coniferous) logs is
different in scale and pattern. While Japan remains a major focus,
more than half of the trade flows between the developing and
developed world. By far the major direction of trade is between
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south-east Asia and Japan, but there are also distinct systems of
interaction amongst western European countries (mainly from
France to neighbouring countries) and, more clearly and simply,
from west Africa to Europe.

Perhaps the most striking feature of international trade in
wood is the remarkable growth in exports of tropical hardwoods
over the last few decades. In the early part of twentieth century,
much of the trade consisted of dyewoods and tannin woods, and
Latin America was the leading exporter. Pre-war, most of the
exports from south-east Asia were of teak. Between 1946 and
1980, the volume of trade increased by twenty-four times, and
the cumulative volume of trade during the 1970s exceeded that of
the previous seven decades. This great increase reflected changes
in both demand and supply. Growth in income and population,
combined with a dwindling availability of certain species and
grades of temperate hardwoods, led to greatly increased demand.
On the supply side, mechanised logging and transport after the
Second World War permitted the harvesting of species and areas
that were previously considered unexploitable. Furthermore, im-
proved technology for producing veneer and plywood from tro-
pical hardwoods such as lauan and meranti opened up new
markets for products such as doors and panels, whilst there have
also been improvements in the technology of pulping. Although
tropical hardwood logs comprise only 4 per cent of all trees har-
vested world-wide, production has been growing far more rapidly
than that of other forms of timber. During the period from 1961 to
1980, annual growth in production averaged 4.8 per cent, compared
with 1.2 per cent for softwood logs and 0.7 per cent for temperate
hardwoods. Much of the growth is attributable to Japan, which
accounts for approximately half the world volume of traded
tropical hard-wood, compared with only 4 per cent in 1950.

The growth of exports of tropical hardwoods was accompanied
by shifts in the pattern of production. In the early post-war period,
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the main source was Africa, but by the mid-1950s the Far East
had become dominant and maintains that position to the present.
Latin America accounts for only a very small proportion of
exports. Within both Africa and the Far East, shifts have occurred
from country to country, as production reached unsustainable
levels and as bans have been imposed on log exports. The pattern
of growth and decline experienced in the various forest regions
of the United States in the late nineteenth century (Chapter 3) has
been repeated, on a larger spatial scale if in a more subdued
form, over the last thirty years. In Africa, log exports from Ghana
and Nigeria peaked around 1960 and then declined, while those
from Ivory Coast, Gabon and Cameroon increased. There have
been similar trends in the Far East. The emphasis has moved
from the Philippines to Indonesia and then to Malaysia, and in
particular to Sabah and Sarawak. In the late 1970s, Indonesia and
Malaysia accounted for nearly half of the production and three-
quarters of the exports; the later alone was the source of 36 per cent
of hardwood logs exported and 25 per cent of the sawn wood.
Thailand, which was once a major exporter of hardwood, is now
a net importer. In the same way that log exports from individual
countries within south-east Asia have risen and fallen, so also are
they likely to do so from the region as a whole. Exports from the
Far East are expected to decrease from 18.6 million cubic metres
in 1980 to 9.2 million cubic metres by 2000.

Concurrent with the growth in production and trade in
tropical hardwoods there have been changes in the composition
of exports. Whilst most exports from individual countries are
initially in the form of logs, the emphasis then moves towards
processed products such as plywood. In the case of Indonesia, for
example, hard-wood sawlog exports dropped to negligible levels
in the early 1980s in response to a log export ban imposed from 1
January 1985, while production of plywood took off. In 1973
Indonesia had two plywood mills with an estimated output of
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9,000 cubic metres but by 1986 the industry had grown to 108 mills
producing more than 4.5 million cubic metres. Exports of plywood
rose dramatically from 1,000 cubic metres in 1975 to more than 3.75
million in 1985. By 1982 Indonesia was the world’s third largest
producer of plywood, after the United States and Japan but ahead
of Canada and the Soviet Union. Sawmilling also expanded dra-
matically, the clear trend in Indonesia, as in many other countries,
was towards the production and export of manufactured wood
products rather than logs.

Transit processors such as Singapore, which built up large-
scale exports of plywood on the basis of log imports, are very
sensitive to such changes. In the long-term, it seems probable that
the trend will continue to be towards processing in the country of
production, rather than in importing or transit countries such as
Japan or Singapore. Transit processors in particular face serious
problems as log export bans take effect.

In general terms, a slow and gradual shift is taking place in
the forest-products industry. This shift is following that in the
production of industrial roundwood, namely towards the parts
of the world with high productivities. Different sectors of the
industry are displaying this tendency at different rates and with
different degrees of clarity. One important variable is the cost of
wood relative to other inputs; another is the relative costs of trans-
port of raw materials and of finished products. In some respects
the shift is almost imperceptible; large degrees of inertia result
from the capital investments in existing plant and skilled labour
forces, and radical shifts are unlikely to occur in the short-term.
As constraints of wood supply and of environmental controls be-
come increasingly significant in some of the traditional forest-
products areas such as the Nordic countries and eastern North
America, then much of the industry’s expansion is likely to be set
in areas such as the American South and tropical countries such
as Brazil and Indonesia. These areas have already experienced



190 : The Use of the Forest Resource

major developments in forest-products industries; further expan-
sion in these and similar areas can confidently be expected.
Prospects for industrial roundwood
For decades shortages of industrial roundwood have been pre-
dicted. At the beginning of the century, for example, the spectre
of a timber famine haunted the United States. In mid-century,
FAOQ asserted that a world-wide wood shortage exists and threatens
to become critical. Most of these dire predictions have failed to
materialise, as supply has greatly increased and as demand has
changed or grown less rapidly than predicted. Growth in demand
for industrial roundwood in particular has frequently been over-
estimated. For example in 1966, FAO estimated that the world
would require 1,500 million cubic metres of industrial wood per
year by 1975 while actual production in that year was under 1,300
million cubic metres (incidentally forecast fuelwood requirements
and actual production were very close (1,200 and 1,180 million
cubic metres respectively). Similarly, many national forecasts
have exceeded actual consumption, for example in countries such
as Japan, the United Kingdom and the United States. Part of the
reason for such overestimates is that the rate of increase in demand
for saw timber for each unit of increase in per capita income has
decreased. This has been especially true in Japan. As a result
many projections for national and global consumption have been
revised downwards. On the global scale, demand for wood fibre
is now expected to rise at an average rate of 1.8 per cent annually
between 1980 and 2000, compared with an average of 2.4 per cent
for the period from 1960 to 1980. At the same time as forecasts of
growth in demand have been revised downwards, the prospects
for supply have at worst not deteriorated. Inventories have continued
to increase in a number of countries such as the United States,
and in many countries removals have been less than net annual
increments.

The changed perception of prospects for industrial wood is
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exemplified by that of FAO. In contrast to its earlier views, FAO
concluded in 1982 that “The world’s supply of industrial round-
wood is considered adequate to meet its growing fiber needs
throughout the balance of this century.” This does, not imply that
no problems of supply will be encountered. On the contrary, it is
expected that a shortage of high-quality hardwood logs will be
encountered as supplies from the Far East forests diminish and
the small supplies expected from plantations will fall far short of
compensating. There may also be a strain on supplies of softwood
logs and pulpwood. Furthermore, all types of wood may be scarce
in some regions, such as Western Europe and Japan. Nevertheless,
regional or sectoral scarcity is quite different from global scarcity.
Furthermore, some of the expected shortages are offset by relative
abundance in other sectors, or by continued expansion of plan-
tations. For example, mixed tropical hardwoods could physically
contribute more, in terms of quantities, to industrial wood re-
quirements, and the potential supply of hardwood fibre logs is
abundant, especially in countries such as the United States and
France where they are currently underutilised. Much of the pro-
jected growth in demand for hardwood supplies is for pulp and
reconstituted panels, rather than for ‘solid wood’ products. And
the annual afforestation of the 1-2 million hectares of land that
would be required to match an annual increment of up to 20 million
cubic metres of softwood supplies is feasible. Wood volumes
equivalent to projected industrial needs for the year 2000 could in
theory be met by production from 100-200 million hectares of
plantations, or 3.7-7 per cent of the closed forest area.

In short, the prospects for the adequacy of supplies of
industrial wood are largely if not invariably bright. Those for the
fuelwood sector are another matter.

Fuelwood
Fundamental contrasts exist between fuelwood and industrial wood
in terms of patterns and trends of production, ownership and
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management of the resource, and adequacy of supply. Much of
the fuelwood supply comes from woodland or farm trees rather
than closed forest. The greater part of it comes from hardwood
trees, and its production is centred in low latitudes. Supplies of
industrial wood are likely to be adequate to meet demand to the
end of the century and beyond, while severe shortages of fuel-
wood already exist. The so-called fuelwood crisis has emerged as
a major issue, and fuelwood is one of the most problematic sectors
of natural resources in terms of adequacy of supply and resource
destruction.

Like industrial wood, fuelwood is used in a variety of ways.
Direct consumption as firewood for domestic cooking and heating
is usually by far the largest use. Some fuelwood is converted to
charcoal, which may then be used for domestic or for industrial
purposes. Substantial quantities are used in industry, and although
domestic use represents the larger sector, industrial consumption
remains significant in many parts of the world.

Unlike industrial wood, fuelwood is usually obtained by self-
collection by households, and only relatively small quantities enter
the market. This mode of procurement prevails in the developed
and developing worlds alike. In the United States, only one-quarter
is purchased, while in India the proportion is under 13 per cent.
It does not follow, of course, that no costs are incurred in acquiring
supplies, but these costs are not necessarily of a monetary nature.

The analysis of the fuelwood sector encounters especially
severe data problems, since much of the production does not enter
the market. In compiling statistics on fuelwood, FAO relies heavily
on assumed per capita rates of consumption, which themselves
vary with a number of factors including the relative availability
of the material. Some imprecision and uncertainty are therefore
likely to exist, especially in relation to trends in production. Never-
theless, it is clear that the production of fuelwood is increasing
more rapidly than that of industrial wood. It is also clear that the
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pattern of production is very different from that of industrial
wood.

Pattern of production: the global scale

The production of fuelwood is overwhelmingly concentrated in
the developing world. Around 85 per cent of annual production
in the mid-1980s was located there. In this respect, production of
fuelwood is the converse of industrial wood. The composition of
supply also strongly contrasts with that for industrial wood, with
over 80 per cent coming from hardwood sources. Although signi-
ficant quantities of fuelwood are produced in many parts of the
developed world, the northern coniferous forest is much less sig-
nificant in this sector than it is for industrial roundwood. A stri-
king feature is the degree of dominance of low-latitude countries in
the pattern of production. As might be expected, large countries
such as Brazil, China and India are the leading producers, accounting
between them for just over one-third of total production. The
production of fuelwood is less concentrated than that of industrial
roundwood, for which top two producers account for around
half of the world output.

Less immediately obvious, but equally or more significant, is
the scale of production from countries with modest forest resources.
Large volumes of fuelwood are produced from the savannah or
miombo woodland of African countries. In many of these countries
both the volume of growing stock and of net annual increment
per unit area are low, but the pressures of demand for fuelwood
are very high. The consequence of such pressures on a limited re-
source is all too frequently resource depletion and fuelwood scarcity.

At the same time, however, fuelwood production cannot be
considered solely in relation to forest resources, and indeed much of
it comes from non-forest sources. For example, in Thailand during
the 1970s some 57 per cent of fuelwood came from outside the
forest or from wood residues. In Sri Lanka over half came from
coconut and rubber plantations, while in Tunisia four-fifths came
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from shrubs and tree crops. Much of the fuelwood produced in
many countries comes from farms, and 2-5 per cent of the farm
arca can usually grow trees for fuel (and for other purposes) with-
out loss in agricultural production. In eastern Java, for example,
63 per cent of the fuelwood consumed by farmers comes from
farm trees; as few as six coconut palms can supply the fuelwood
requirements of a family of five. In Kenya and neighbouring areas
of east Africa, almost all fuelwood requirements can be supplied
by a combination of sources including dispersed farm trees,
hedgerows around homesteads and field boundaries, and small
woodlots on soils unsuitable for cropping. Furthermore, fuelwood
is regularly available in areas where fallow systems of agriculture
are practised. The clearing of fallow areas provides considerable
amounts of woody material. In Mali, for example, a cropping
cycle of four to five years is followed by eight to ten years of
fallow, from which 30-50 per cent of the fuelwood consumption of
smallscale farmers can be met. In addition, an average of seven
trees per hectare, representing the remnant of the original vege-
tation, survives on field and fallow and also contributes to the
fuelwood requirements. It is concluded that the integration of
trees into agricultural systems is the most worthwhile solution to
the fuelwood problem. Plantations are expensive, while the improve-
ment of the natural forest is cheap but inadequate.

The supply of fuelwood therefore depends on the nature and
condition of the agricultural land resource and not only on the
forest resource. Nevertheless, the forest resource is itself contracting
in the face of pressures of fuelwood demands in many countries,
including for example Pakistan. Dead trees and branches have
traditionally supplied much of the fuelwood requirement, and
the cutting of livewood usually becomes a threat to the forest area
only when a stress factor comes into play. This stress factor may
take the form of rapid population growth, urbanisation, or res-
triction of access for wood gathering as parts of the (previously
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common-property) forest become privatised or nationalised. In
addition, the clearance of forests may bring new pressures to bear.
For example in Kenya, the removal of forests for military reasons
in the 1950s and for cash crops had a profound effect on local
communities, and one result was the fuelwood ‘crisis’ that deve-
loped as pressures were focused on the remaining resources of
woods and trees. A similar process operated over a longer time
and on a larger scale in India. Following the passing of the India
Forest Act in 1865, large areas of forest were reserved for commer-
cial purposes. Other areas were set aside to meet the needs of the
local rural population for fuelwood and fodder. Many of these
forests have suffered disproportionately in the face of growing
population, and most of them have either been converted to agri-
cultural land or have been totally degraded. Rural development
projects may themselves lead to problems. The development of
an irrigation scheme in the Tana basin of Kenya, for example,
resulted in the trebling of the local population and severe impacts
on the flood-plain forest. Inadequate consideration had been
given to the fuel-wood requirements of the increased population.

The relative importance of fuelwood production, compared
with that of industrial roundwood, is produced here. This is a
reminder that few individual countries conform to the overall
pattern of production on the global scale, which is approximately
evenly divided between fuelwood and industrial wood. Many
developing countries use 80 per cent or more of their wood pro-
duction as fuelwood, and in some cases the proportion is as high as
90 per cent. In some countries, such as those of the Sahel, fuelwood
provides around 90 per cent of total energy consumption.

Most of the biggest producers in absolute terms, including
Brazil, China and India, are characterised by a much lower fuel-
wood share in energy supply, although fuelwood share in total
wood production remains high. In much of the developed world,
fuel-wood accounts for under 10 per cent of wood production,
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and supplies a very minor or even negligible share of energy
requirements.

The relative importance of fuelwood production in this respect
is greatest in a number of African countries. Here the forest resource
has nut attracted development geared to large-scale production
of industrial wood, but it has been intensively exploited for fuel-
wood. A notable feature is the fact that the fuel-wood sector remains
very large or even dominant even in countries such as Indonesia
and Ivory Coast, where the forest resource has been used for
commercial logging for industrial purposes in recent decades.
Pattern of production: the local scale
The growing scarcity of fuelwood in parts of the developing world
means that supplies have to be drawn from increasing distances.
This tendency has to some extent characterised the use of the forest
resource for the production of industrial wood as the world eco-
nomy has expanded in recent centuries, but in the fuelwood sector
it is especially apparent. Distances of several kilometres have fre-
quently to be travelled to obtain firewood even in rural areas,
while supplies for urban centres may have to be transported over
distances of several tens of kilometres. The depletion of forests
around cities is not new. In south-east Brazil, for example, removals
for wood and charcoal constituted a demanding and extractive use
of the forest around towns and cities by the nineteenth century,
while concentric circles of deforestation were becoming evident
around the cities of the Sahel by 1935. The extent and scale of
depletion around cities have, however, greatly increased in recent
decades.

In rural areas substantial and increasing parts of the day are
now occupied for many people in the developing world by fire-
wood-collecting. In parts of Sudan, for example, fuelwood collectors
by the 1970s had to walk for one to two hours from their villages,
whereas ten years previously adequate supplies were available
within ranges of fifteen to twenty minutes. In some areas of the
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developing world, women and children may spend up to 40 per
cent of their daylight hours in scavenging for fuelwood. In central
Tanzania, it may take 300 mandays (or more usually woman-
days) of work per year to provide the fuelwood for an average
household. In the Kigoma region of that country, villagers now
have to walk 10 kilometres for firewood whereas twenty years ago
they had to go only 1 kilometre. In parts of India, collecting dis-
tances in some localities increased from 1.5-2 kilometres in the 1970s
to 8-10 kilometres in the 1980s. In parts of Nepal, the collecting of
fuelwood, which might have taken an hour or two per day in the
previous generation, by the 1970s was taking a whole day.

The problem of diminishing resources and increasing distances
is especially severe around some of the Sahelian cities. By the
1970s, fuelwood for Ougadougou mostly came from a belt lying
from 50 to 100 kilometres from the city, while almost all woody
growth had disappeared within a 70-kilometre radius of Niamey.
In the case of Dakar, fuelwood and charcoal are supplied from as
far as 400 kilometres. ‘Islands’ of depleted fuelwood resources
therefore occur at various scales around both villages and cities.
In many instances the resource has been impoverished at the
very time when rapid growth in population has occurred, giving
rise to numerous local shortages of fuelwood. Increasing scarcity
around the urban centres especially is directly reflected in rising
costs of fuelwood. In the Sahel and also in parts of east Africa, up
to 40 per cent of salaries may be taken up by the purchase of fuel-
wood. In parts of Tanzania, almost half of the income of families
on minimum wages may go on fuelwood. In Addis Ababa or
Maputo, a family can spend up to half a week’s wages in buying
enough fuelwood or charcoal for survival. Even if fuelwood does
not have to be purchased, there is an indirect or opportunity cost
as a result of the time taken to procure supplies. Substantial parts
of the day may be given over to obtaining fuelwood, and this cost
falls especially on women, whose responsibility for fuelwood
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supply has traditionally been in many parts of the developing
world.

Significant differences exist between patterns of production
for rural and urban consumption. For rural consumption, pro-
duction is largely from dead trees, bushes, farm trees and other
non-forest sources. Much of it is in the form of twigs, small branches
or roots. The scale of production is usually small, and it is carried
out for and by the household. Firewood collection of this type is
unlikely to cause serious deforestation. Production for urban or
industrial use, however, may be quite different. Its scale may be
far greater, it may be organised commercially, and it is far more
likely to result in deforestation. If a market exists, there may be a
strong incentive to cut live trees, and organised gangs of wood-
cutters, perhaps operating illegally or in collusion with forest
guards, may plunder even nominally protected forests. This can
happen not only around cities, but also at greater distances, if the
wood is converted to the more easily transportable charcoal. The
switch from fuelwood to charcoal which often accompanies the
migration of rural dwellers to the city is potentially destructive of
the resource. The loss ratio on conversion of wood to charcoal is
around 2.5:1. A poor family moving to an urban area may therefore
require two and a half times as much wood (assuming that their
fuel requirements remained constant) and may therefore exert
two and a half times as much pressure on the resource.

The use of fuelwood in cottage industries and for rural pro-
cessing activities such as tobacco-curing and tea-drying can have
similar results in terms of forest removal. These activities are
estimated to account for between 11 and 25 per cent of the fuel-
wood used in the developing world. In Tanzania salt production
through brine evaporation in Kigoma region over a thirty-year
period consumed a quantity of fuelwood equivalent to the clear
felling of 2200 square kilometres; the surviving area of forest in
the region amounts to only 9,000 square kilometres. In the same
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country, the wood from one hectare of savannah is required to
cure the tobacco crop from a similar area. During the early 1970s
tobacco-curing consumed more than 1 million cubic metres per
year. With rapid expansion of cash crops such as tobacco, there has
been rapid contraction of parts of the savannah woodlands. The
production of ‘industrial’ fuelwood in dry areas in particular may
have long-term detrimental effects. For example, in Australia the
environs of some nineteenth century mining towns are surrounded
by a zone up to 50 kilometres wide from which fuelwood was
collected and within which regeneration has not occurred.
Consumption levels and resource adequacy

A feature of fuelwood use is the widely varying level of per
capita domestic consumption both between countries and within
countries. Consumption levels vary greatly even between coun-
tries where wood constitutes the main source of energy. In many
countries, per capita consumption is around one cubic metre per
year, a figure which, incidentally, is similar to that for the con-
sumption of industrial wood in many developed countries.
Considerably higher levels characterise some African countries
such as Sudan and Uganda, while much lower rates are typical of
many Asian countries. As a very broad generalisation, per capita
consumption levels correlate with the extent of forest and wood-
land and with the availability of the resource. In parts of the
developing world where fuelwood is plentiful, 2,000 kilograms
or more may be used per person per year, while in areas of
scarcity only one-quarter of that amount may be used. Economic
factors are also, of course, a major influence on levels of consumption.
They tend to reach a maximum in developing countries in the
middle range of income. As income rises, more fuelwood is initially
consumed, but beyond a certain level its use decreases as other
fuels such as oil are substituted. Accordingly price influences the
amount of fuel that is consumed, but does not have a great
influence on choice between fuels. As he acknowledges, however,
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this conclusion leaves unanswered the question of what determines
the transition from wood to other fuels as a country becomes
richer. Real income and an index of commercial energy prices are
significant factors in relation to demand, but adjustments in con-
sumption in response to these factors tend to be very slow and
slight. These workers also found that a contracting forest area
was a significant variable in terms of supply, but that it had a
stronger braking effect on fuelwood consumption in middle-income
than in low-income developing countries.

Since levels of consumption appear to depend on the availa-
bility of the resource and on income, it is not surprising that con-
sumption levels also vary greatly within countries. In Tanzania,
for example, household consumption in villages near wooded areas
is three times higher than in villages with little or no woodland.
Similarly in Nepal, people moving to the well-wooded plains,
where firewood is relatively abundant, consume twice as much
as those remaining in the forest-depleted hills. In essence, people
use more wood when it is readily available than when it is scarce.

This truism may partly explain the enormous range of estimates
of per capita consumption reported for countries such as Nepal.
A factor of 67 separates the highest and lowest estimates (6.67 and
0.1 cubic metres respectively). Even when the extreme highest
figures were excluded, a range factor of 26 remained. Amongst
the possible reasons cited for such variation are confusion (not least
over units of measurement) between local people and visiting con-
sultants or researchers, and misstating of actual levels of consumption
as, a result of suspicion or apprehension of tax collection or forest
regulations. Levels of use of fuelwood also, of course, depend on
the availability and price of alternative fuels, and therefore vary
through time. Much uncertainty therefore exists over the concept
of fuelwood ‘needs’, and this uncertainty is matched in some areas
by that surrounding the availability of fuelwood. In Nepal, for
example, estimates of forest productivity (the ultimate determinant
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of fuelwood supply) range from 0.2 to 15 or even 30 cubic metres
per hectare per year. When both consumption and potential supply
are so variable or uncertain, therefore, it is extremely difficult to
quantify the dimensions of the fuelwood crisis.

Perhaps the best-known of the assessments of these dimensions
is that produced by FAO (1982b). ‘Acute scarcity’ is defined in
terms of the depletion of fuelwood resources to the point where
sufficient fuelwood cannot be obtained even by over-cutting, and
consumption is below minimal needs. Approximately 100 million
people lived in such areas in 1980, approximately half of them in
Africa. A further 1,000 million lived in ‘deficit situations’, where
minimal needs could be satisfied only by over-cutting and depletion
of the resource. In 1980 almost 1,400 million people lived in areas
of acute scarcity or deficit, and by 2000 that number may increase
to close on 3,000 million. It does not necessarily follow, of course,
that each of these persons will directly suffer from a shortage of
fuelwood, as higher-income groups can subsitute oil. Nevertheless,
around 57.7 per cent of the 2,000 million persons dependent on
fuelwood in the developing countries in 1980 did not have access
to sufficient supplies, and the proportion may rise to 89 per cent
by 2000. The problem is by any standard a major one, and indi-
cates a striking feature of its spatial pattern is its widespread
occurrence. White little scarcity occurs or is expected to occur in
the equatorial zone (except for parts of Andean Ecuador and of
east-central Africa), several separate areas of acute scarcity occur
in locations ranging from the Andes and Caribbean through
- Sahelian Africa to the flanks of the Himalayas. Huge tracts of
eastern Brazil, the savannah lands of Africa, and India also face
actual or prospective deficits. The crisis indeed has international
if not global dimensions, and as such represents one of the most
notable resource problems of history.

The fuelwood shortage
Fuelwood has become increasingly scarce over the last twenty
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years. Since 1970 fuelwood and charcoal have increased in price
relative to other goods at an annual rate of 1.5-2 per cent. Prior to
1970 there was a similar rate of decrease. The resource has been
depleted as a result of the pressures exerted on it. Various inter-
related factors have contributed to the degradation: urban growth,
the spread of charcoal production and the transition of fuelwood
from a free good available to all into a commercial commodity.

As a major resource issue, the fuelwood shortage has attracted
much attention and has generated some controversy. The effects
of the shortage have proved to be almost as controversial as possible
solutions. The woodland resource has undoubtedly been severely
depleted in many parts of the world, and in addition to the ensuing
economic and social problems, various environmental problems
such as accelerated soil erosion have been reported. Furthermore,
it has frequently been suggested that a fuelwood shortage initiates a
vicious downward spiral in the welfare of some rural communities,
whereby increased walking distances to supplies lead to a greater
use of dung as an alternative fuel, and hence less use of it as a
fertiliser for crops. The loss of dung as manure has been estimated
to amount to a Joss of as much as 20 million tons of grain production
annually. In short, depletion of the woodland resources leads to a
deterioration of farmland and hence to an increasing shortage of
food as well as fuel. As indicated early the general truth of this
relationship has been questioned by commentators who report that
in Nepal at least, dung is used as an alternative to fuelwood in
winter, when it is not required as a fertiliser. Nevertheless, there
is little doubt that many communities have suffered greatly
because of shortages of fuelwood.

Numerous problems are encountered in the search for solutions.
To many governments of developing countries, investment in
fuelwood resources has been perceived as a retrograde step in
the pursuit of progress. Furthermore, state forestry services have
traditionally been oriented towards the protection of forest reserves
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and the commercial production of industrial timber, rather than
towards fuelwood. These perceptual and institutional factors have
been major handicaps.

It is apparent that simple single solutions are not available.
The use of more efficient wood-burning stoves may help to alleviate
the problem in some areas, whilst in others a variety of measures,
including agro-forestry and more intensive management of the
existing resource, fuelwood plantations and the use of charcoal,
may help. Agro-forestry systems may help to increase household
production of fuelwood in some rural areas, but even here rapid
population growth may be a serious constraint. In Kenya, for
example, it has been established that the intensity of management of
farm woodlands increases with population density: planted and
managed woody biomass increases as a percentage of total on
farm woody biomass as population density increases. And the
amount of land devoted to the production of woody biomass also
increases with population density. Nevertheless, population den-
sities may be so great in some areas that large deficits are experi-
enced, despite these trends. Despite these local problems, however,
agro-forestry probably remains the most promising solution to
the problem of fuelwood shortage. Around 300 million hectares
of agro-forestry could (in theory) supply the fuelwood needs of
2,000 million people on a continuing basis, assuming a yield of 5
cubic metres per hectare per year and an annual requirement of
0.75 cubic metres per person per year.

Population pressures may also militate against more intensive
and effective management of existing resources. Such management
becomes more difficult, as well as more necessary, as the traditional
institutional systems and structures suffer increasing stress.
Common-property land constitutes a particular problem in some
areas. The rural poor are heavily dependent on fuelwood from
such land; in parts of India, for example, 90 per cent of the land-
less labourers and small farmers rely on it. The extent of common
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land contracts as private ownership becomes established, and
.over-harvesting and rapid depletion become almost inevitable as
‘population pressures increase. The poor, as well as the women,
therefore lend to suffer disproportionately.

Fuelwood plantations and the use of charcoal imply the
monetisation of fuelwood production. In many areas fuelwood
has been regarded as a free good, and farmers therefore are not
readily persuaded to plant it, and are even less inclined to view it
as a cash crop. The perceptions of both consumers and potential
producers may therefore have to be altered if a successful transition
is to be achieved. Furthermore, production from some plantations,
for example in the Sahel, has proved to be disappointing and far
below the projections employed in investment appraisal. In the
Philippines yields from plantations established under a ‘dendro-
thermal power’ programme have been far less than expected;
annual growth rates of 75-100 cubic metres per hectare were
predicted but some yields have been less than 100 cubic metres
over entire four-year cycles of growth. Enormous sums of money
have been devoted to forestry products in the Sahel in particular,
but there has been a decline in the availability of fuelwood. Most
of the projects have involved plantations; few have been directed
at managing and utilising existing forests, although these would
also contribute food, fodder and a range of ‘minor” products.

Nevertheless, the combination of fuelwood plantation and
charcoal production offers many attractions. For example, this
mode of production could be freed from proximity to the market,
and located with greater consideration for climate and soil. Use
of high-value, relatively transportable charcoal, as opposed to
wood, could mean that plantations could be located in areas with
optimal growth potential or alternatively on poor land with minimal
impact on agriculture, and not necessarily in optimal location
with respect to the market. While 30-50 per cent of the heat value of
wood is lost on its conversion to charcoal, the use of charcoal rather
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than fuelwood has clear advantages in some instances. In addition
to permitting the development of ‘remote” fuelwood plantations, it
can be produced from wood residues and from non-commercial
-species available, respectively, from wood-using industries and
from land-clearing,.

Fuelwood plantations have been established for many years
in a few-areas. For example, farmers on coastal saline soils around
Chennai grow casuarinas trees on short rotations, maintaining a
tradition dating back to the nineteenth century. And energy plan-
tations consisting mainly of eucalyptus were established around
Addis Ababa in the 1890s in response to a severe wood shortage.
More recently small commercial fuelwood plantations designed
for supplying local urban markets have been expanding rapidly in
parts of India. In Gujarat the rate of private planting increased
fourfold between 1975 and 1979, doubled again by 1981 and yet
again by 1983. By then the equivalent of more than 150,000 hectares
had been planted. This rapid expansion was stimulated by very
attractive rates of financial return.

In India some attempts have also been made to integrate
fuelwood production in industrial plantations. Degraded land is
offered to industry for planting, on condition that up to 30 per cent
of the biomass, in the form of top, lop and bark can be removed
free of charge by local people, and also that a proportion of fodder
species be grown. As yet only a very small area is committed to
such schemes.

These examples of fuelwood and multi-purpose plantations,
however, are on small and localised scales. South Korea offers an
example of a much more spectacular scale of reforestation-oriented
to fuelwood. Under a village fuelwood programme launched in
1973, more than 1 million hectares of land were planted. In addition,
600,000 hectares of existing fuelwood plantations and more than
3 million hectares of other forestland were brought under more in-
tensive management. This scale is most unusual, and its community
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basis is, with the possible exception of China, unique. Extensive
establishment of community plantations elsewhere has proved
very difficult, especially where there is no surviving tradition of
community forestry.

An enormous expansion of plantations or other supplies will
be required if significant inroads are to be made into fuel shor-
tages. It is estimated that around 48 million hectares of fuelwood
plantations would have been required to meet the tropical fuel-
wood deficit in 1980, and 105 million hectares that are expected
in 2000. In Africa the requirement to supply the expected short-
fall in 2000 would correspond to a 6,000-kilometre belt extending
from Senegal to Ethiopia, and averaging 34 kilometres wide. Against
such requirements achievements to date are modest almost to the
point of insignificance. Attempts to create community plantations
for fuelwood on the degraded Jos Plateau of Nigeria, for example,
began just after the Second World War, but by 1987 covered only
0.5 per cent of the area. In Africa as a whole, the annual rate of
establishment of non-industrial plantations averaged around 40,000
hectares per annum around 1980: a forty-fold increase would be
required to meet the expected shortfall in 2000.

Fuelwood in the developed world and large-scale ‘industrial’ use
The scale of the domestic fuelwood shortage in the developing
world has overshadowed the whole of the fuelwood sector. As a
result, relatively little attention has been focused on the use of
wood as an energy source in other parts of the world or even for
industrial purposes within the developing world. In particular,
the fact that the use of fuelwood has increased far more rapidly
in the developed world than in the developing world in recent
years has been largely overlooked. Nevertheless, between 1976
and 1986 it rose by 57 per cent in the former compared with 23
per cent in the later. Wood now provides 2-3 per cent of energy
requirements in the United States, and is thus of the same order
of importance as nuclear and hydro sources. In Europe it accounts
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for around 2 per cent of energy consumption.

Most developed countries at some time in their history have
been as dependent on wood as an energy source as many coun-
tries in the developing world are today, and indeed many have
experienced similar wood shortages or famines. As recently as
mid of twentieth century, the developed world accounted for over
half of world consumption of fuelwood, while at the beginning of
the century the proportion was two-thirds. In the United States in
the latter part of the nineteenth century, wood was the primary
energy source, and most of the wood produced annually was used
as firewood. In earlier centuries, the same was true of countries
such as England, where fuelwood was used for both domestic
heating and cooking and for industrial purposes such as iron-
making. By the seventeenth century, severe problems of supply
were being encountered, and this early fuelwood crisis stimulated
the transition to coal. A similar transition to coal and oil duly
occurred in the United States at the turn of the present century
even although an acute shortage of firewood was not encountered.
During the nineteenth century, firewood was cheap and abundant,
especially where the forest was being cleared for agriculture, and
its use was profligate. By the 1960s, the use of firewood in the
United States had fallen to a negligible level, and consumption
had also fallen rapidly in many European countries and in the
Soviet Union.

Since then, however, there has been a partial revival, not least
because of rises in oil prices in the 1970s. In Europe, fuelwood -
removals by 1986 had increased by around one-fifth compared
with those of the mid-1970s. The revival has been spectacular in
the United States, with a fourfold increase between 1975 and 1980. It
remains to be seen whether this renewed interest is permanent, and
it is noticeable that many countries have experienced temporary
increases in the use of firewood when other fuels were scarce, for
example during and after wars. Nevertheless, it seems that the
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higher levels of use of the 1970s have been at least maintained
during the 1980s in many developed countries.

While the amounts used remain modest compared with
industrial use, the production of firewood is a significant element
in the use of the forest resource in many developed countries. In
the United States, for example, around half of the 7.8 million private
forest owners cut firewood from their own forestland. Firewood
production may therefore be at least one of the objectives of nu-
merous small owners, not only in the United States, but also in
European countries and Japan. It may be a management objective
in a far greater area of forest than its apparently small-scale use
would suggest. Rising oil prices may therefore stimulate increased
levels of intensity of management of farm woodlands in the
developed world, as well as imposing additional stress on fuelwood
supplies in the developing world.

Increasing demand for firewood in the developed world has
had little effect on timber markets. Firewood prices are usually
very low compared with those offered by industrial consumers,
and much of the firewood comes from trees that are unsuiitable for
industrial purposes. In the United States, for example, only a quarter
of the firewood cut by households comes from trees suitable for
pulpwood or saw logs. In any case, much of the firewood comes
from small private (non-industrial) forests, rather than from larger
industrially owned or managed ones. These small forests are often
viewed as providing various services as well as goods. The
collecting of firewood may be perceived by households as an
enjoyable activity in itself, and in at least some North American,
European and Australasian countries may be at least partially
seen as a form of forest recreation and not just as a chore.

While it is unlikely that forests will be greatly expanded in
the developed world to produce domestic firewood (except perhaps
on farms), there is a greater likelihood that sizeable plantations
will be established for commercial energy production. Rises in oil
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prices during the 1970s led to renewed interest in alternative energy
sources, including short-rotation forests geared to producing fuel
for power stations. The feasibility of producing woody biomass
for energy has been investigated especially within the European
Economic Community, and it has been shown that systems based
on coppiced hardwoods with short cutting cycles may have some
potential. For example, it has been shown that energy plantations
of sycamore on cutover peatland can have attractive returns in
parts of Ireland. Such systems may have some attraction as alter-
natives to conventional agriculture in times of food surpluses,
but their viability will ultimately depend on the prices of other
energy sources.

More conventional use of wood for energy, for transport and
industry is, of course, long established in some parts of the world.
In the United States in the nineteenth century, for example, large
tracts of forest were harvested on a rotational basis in order to
produce charcoal for iron-making, and a number of metal smelters
and refineries were still fueled by wood in the 1970s. Perhaps the
largest-scale industrial user of fuelwood, however, is Brazil,
where charcoal was used in the production of around 30 per cent
of the annual output of pig-iron during the 1970s. The projected
expansion of iron production in Brazil has major implications for
the forest resource. To feed the proposed expansion of smelting
capacity at Carajas in eastern Amazonia, the charcoal from either
700,000 hectares of eucalyptus plantations or from the clear-
cutting of some 50-70,000 hectares of dense native forest annually
would be required. On the other hand, the use of wood as a fuel
in some other industrial applications is much less significant in
relation to the forest resource. Much of this use involves wood
residues or wastes, rather than material removed from the forest
as fuelwood. In Europe, for example, fuelwood represents less
than half of the total volume of wood used for energy. Around 40
per cent of the volume of wood removed annually is eventually
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used as a source of energy.-

The forest-products industry is the biggest single industrial
user of fuelwood in most countries. In the United States, the forest-
product sector accounts for 50 per cent of all the wood used for
energy. Up to half of the energy consumed in the course of manu-
facture of plywood or pulp and paper may be supplied by wood,
and much of that comes from mill residues and other waste
material. The growth of wood-using industry in the developing
world may offer some potential for increasing production of
charcoal from waste, and hence facilitate the use of woodfuel in
cities remote from forests. In Malaysia and Indonesia, for example,
charcoal production increased by an estimated 26 and 21 per cent
respectively between 1976 and 1986, and charcoal exports from the
former increased almost four-fold in the same period. World-
wide, exports almost doubled between 1975 and 1985, but much
of them were destined for the developed world or for oil-rich but
forest-poor countries in the Middle East, rather than for the areas
of greatest need of domestic fuel.

Non-consumptive Functions

The forest has traditionally been regarded as fulfilling two major
types of functions. On the one hand, it is a source of wood and in
some instances also a variety of other products. On the other hand,
it may provide a variety of services such as soil and wildlife con-
versation, general environmental protection, and recreation. This
function is sometimes described as non-productive, in the sense
that physical products (such as wood) are not involved. Here the
term ‘non-consumptive’ is preferred to ‘non-productive’, as it may
have fewer negative connotations.

In practice the distinction between the production of goods and
the supply of services is not always sharp, and in particular the fre-
quently used classification into “productive’ and ‘non-consumptive’
or ‘protective” functions is sometimes inaccurate or misleading.
Recreation, for example, may be as valuable a ‘product’ of the forest
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as wood, while the economic value of watershed protection may
in some instances be as real as that of wood production, although
it may be far more difficult to estimate.

As earlier indicated, the forest is of major environmental
significance. The existence and nature of forest cover has a strong
influence on the hydrological characteristics of an area, and this
influence may extend for beyond the forest. Similarly, the forest
has traditionally been perceived as protecting land from soil erosion.
Environmental protection may therefore be a major function of
the forest, and indeed in some instances the primary or sole one.
The interaction between the forest resource and the environment
issue is discussed further in Chapter 7; in this section the focus is
on the relative extent of the function (in so far us it can be esta-
blished) and on the management issues involved.

Since this protective function does not yield revenue in any
direct sense, it has rarely been associated with private ownership.
Similarly, the use of forests for informal public recreation rarely
involves payment at the forest gate, and is more typical of publicly
owned forests than of those in private ownership. In short, non-
consumptive uses are often associated with public or state forests,
while management for wood production is equally associated with
private ownership. This correlation, however, is by no means per-
fect, and in the long-term it is probably becoming weaker. This
trend perhaps characterises the transition from the ‘industrial’ to
the ‘post-industrial’ forest. In the former, wood production is the
primary or indeed sole objective. In the later, wood production,
wildlife conservation, recreation and various other functions are
combined as multiple objectives, to which varying priorities are
ascribed. The trend is apparent in both private and public forests
in some parts of the world, and indeed one of the features of the
‘post-industrial’ forest is perhaps the blurring of the distinction
between public and private ownership as government influence
and regulation increase. This is not to say that all forests are now
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subject to multiple use, or that management under private and
public control is identical. Huge areas of single-purpose forests
remain, as do major contrasts in management objectives. In some
parts of the world, however, and especially in Europe, there has
been both diversification of use and convergence of management.
Private forest management has been increasingly influenced by a
combination of regulation and incentives, while in at least some
countries the management of state forests has become more com-
mercial in outlook and orientation. At first sight forest privatisation
and other developments in some countries raise questions about
the strength of government influence and the continuation of the
long-term trend of growing government involvement. On closer
examination these measures may turn out to be less a reversal of
the long-term trend than a turning-point in how government
influence is exerted.

The extents of non-consumptive uses

Non-consumptive uses of the forest are almost impossible to quantify
meaningfully in terms of areas and extents. Recreation, for example,
may range from high-intensity, primary use to low-intensity
‘occasional use for which no management is provided. To attempt
to quantify such use in terms of hectares is not necessarily helpful,
and even when estimates are based on official classifications of
forests and management objectives their value may be limited. In
some instances recreation may be the sole or primary use, whilst
in others it is a subsidiary activity. Estimates of the extent of non-
consumptive uses should therefore be viewed with the greatest
of caution. The problem is further exacerbated by differing inter-
national definitions and procedures, which mean that the simple
addition of national statistics (assuming that they are available) is
unlikely to produce a meaningful global estimate. A particular
problem arises over the terms ‘protection” and “protected’. Some
forests are managed primarily for forms of environmental “protection’
such as soil or water conservation. Some forests are ‘protected” as
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national parks or other reserves. Some forests may be both pro-
tective and protected, while some may be one or the other. The
semantic confusion is sometimes increased by the use of statistical
categories such as ‘protection etc.” Furthermore, forests may be
classified for protection against very different hazards. In Bavaria,
for example, woods and forests may be separately classified for
protection against soil erosion, avalanches, air pollution and noise
(especially along motorways).

Around half of the world forest area is considered to be
‘exploitable’ (which term, incidentally, reflects the perceived
primacy of wood production). “Unexploitable’ forest is characterised
by low physical productivity, by inaccessibility and high transport
costs, or by classification for special (non-wood or non-consumptive)
purposes such as conservation. These characteristics may overlap
in many areas, and it is not therefore always possible to identify
the relative importance of forest designations in rendering a forest
‘unexploitable’. In any case, classifications are not necessarily
permanent, and although increasing areas in many parts of the
world are being designated as reserves of one kind or another,
the designations are not always immutable. Nor does official
designation of a forest as a nature reserve or other protected area
always mean that wood production does not take place.

Despite these problems and provisos, some indication of the
relative extents of different functions can be obtained for at least
some parts of the world, and variations in the relative significance of
different functions can be identified at the national level. Some
estimates of the relative extents of ‘recognised major functions’
for Europe, the Soviet Union and North America, represent most
(in areal terms) of the developed world. In this area, wood pro-
duction is the ‘recognised major function’ in approximately three-
quarters of the area of forest and woodland, while recreation has
that role in around 1 per cent of the area. In the ‘unexploitable
closed forest, of course, the relative proportions are very different.
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Protection and recreation are classed as ‘recognised major functions’
in 52 per cent and 6 per cent respectively. Together, these two
functions are therefore likely to constitute the main reason for
“unexploitability’. In terms of the total area of closed forest, how-
ever, they represent only 15 per cent although they amount to 25
per cent of the total area of ‘forest and other wooded land’. Wood
production is clearly the primary function, in terms of area, in both
the closed forest and in the category of ‘forest and other wooded
land’. Protection-related functions are next in importance in terms
of area, while recreation is a ‘recognised major function’ on around
1 per cent of total area of ‘forest and other wooded land’ and 0.1 per
cent of ‘exploitable closed forest’.

In Europe, wood production is the major function on 78 per cent
of total forest and wooded land, while protection and recreation
account for 19 and 2 per cent of the area respectively. These conti-
nental percentages, however, conceal a distinct gradient of increa-
sing importance of the protective function from north to south,
and a corresponding reduction in the relative importance of wood
production. In some countries such as the United Kingdom and
Ireland, protective functions are of negligible significance in terms
of area, while in others they are as important as wood production.
In Turkey, for example, protection is a ‘major recognised function’
in two-thirds of the total area of forest and woodland, and in Spain

“in almost half of that area. In the case of Spain, much afforestation
has been carried out over the half of the nineteenth century in areas
affected by or prone to soil erosion. In general terms, the relative
areal extent of the ‘protective’ function increases towards the south
and east of Europe, and is generally low in the more humid areas
of the north and west.

Outside Europe, the relative extent of protective forest is
very variable. As it has been already indicated, around one-third
of the forest area in the Soviet Union has a protective function,
but the inevitable problems of definition need to be borne in mind
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in interpreting this figure alongside that of just over 10 per cent
(31 million hectares) shown for the United States, where a complex
variety of sometimes overlapping designations apply to forest
land. In the Soviet Union, around 100 million hectares of forest
fulfil a “predominantly protective’ function. In addition, more than
5.5 million hectares of protective forest stands have been established,
mainly on previously agricultural land. In Japan, around 8 million
hectares of the total forest area of 25 million hectares are defined
as protection forest. Three-quarters of the former area is protected
or the conservation of headwaters and the remaining one-quarter
for soil erosion. In Chile, over 60 per cent of the forest area is either
protective or protected. In Malaysia, around one-third of the intended
permanent forest area is classed as protective, while the corres-
ponding proportion in Indonesia is 27 per cent.

Protected forests

While large areas of forest have environmental protection as a
‘recognised major function’, the relative extent of protected forest,
lying within designated national parks and nature reserves, is much
smaller. Around 4 per cent of the closed forest and 17 per cent of
the open forest are thus designated; overall approximately 8 per
cent of the area of forest and woodland is protected.

Proportions of protected closed forest area do not differ
greatly between the developed and developing worlds, but a
much higher percentage of open forest is protected in the former
than in the later. This means in turn that the protected extent of
the overall forest and woodland area is nearly three times greater
in the developed world than in the developing world. In the
United States, around two-thirds of the forest area is classed as
commercial timberland (capable of producing at least 20fts, i.e., 0.566
cubic metres) of industrial wood per acre per year, and approxi-
- mately 5 per cent of the area thus capable has been withdrawn by
statute or regulation as national park or wilderness area. Overall,
in addition to 32 million hectares of national parks, over 30
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million hectares of land, most of which is forested, are officially
defined as wilderness, in which lumbering is not permitted. Most
of this area is remote and inaccessible, and indeed two-thirds is
in Alaska.

This case illustrates the general tendency in many countries
for highest environmental and timber values to be non-coincident
in spatial terms. In much of Alaska the costs of harvesting timber
would exceed its returns, and hence there may be no opportunity
cost involved in designating the forests for conservation purposes.
Similarly in New Zealand, where around 10 per cent of the land
surface lies in various reserves where the prime concern is the
preservation of flora and fauna, most of the protected area lies in
upland forests or alpine areas where the threat from agriculture or
exotic afforestation is unliKely to be great. Perhaps it is not surpri-
sing that protected forests often tend to be those of lowest com-
mercial value. This tendency raises the questions of the purpose
of designation if few threats exist, and also the problems of
establishing protected status in the commercially (and sometimes
ecologically) more valuable areas.

On the other hand, in the Soviet Union much of the ‘Protection
etc.” area consists of highly accessible forest where thinning and
sanitary and regeneration cuts are permitted. Of the approxi-
mately 300 million hectares of protected forest indicated, around
20 million hectares are in national parks. In Japan, over 3 million
hectares of national parks, most in forested country, overlap with
the protective forest area, and thereby exemplify the problems of
functional definitions. In Australia, national parks and similar
areas from which log production is precluded amount to around
8 million hectares, compared with a native forest area of 42 million
hectares. The relative extent of protected forests in the developing
world tends to be smaller (but not invariably so), although the
definitional problems are as great if not greater than in the deve-
lop~d world. In tropical Africa, America and Asia, less than 5 per
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cent of the combined open and closed-forest area was “protected’
around 1980. Around 3 per cent of the closed tropical forest is
safeguarded, at least on paper. The relative extent of protected
closed forest is not dissimilar to that in the developed world, and
indeed each of the three major tropical continents has a higher
proportion of their closed forests in protected areas than has
Europe. On the other hand the relative extent of open forest with
protected status is very much smaller, at 6 per cent compared with
35 per cent. Protected forests are most extensive in relative terms
in Africa, where some game and forest reserves date from the
early part of this century, and least extensive in Latin America.

A characteristic of the tropical continents is the degree of
concentration of protected forests in a few countries. For example,
Zaire accounts for 60 per cent of the reported area of protected
closed forest in Africa, Indonesia has over 50 per cent of the corres-
ponding area in Asia, and Brazil and Venezuela together account
for over 50 per cent of that in South America. The apparent degree
of concentration partly reflects the different rates and degrees of
progress made in classifying forests as a basis for management
policy. In the case of Indonesia large absolute and relative areas
have been assigned functions of protection or conservation. Con-
centration applies also at the intra-national scale as well as at the
international level. In Indonesia, for example, more than three-
quarters of the forest area in Bali has been zoned for protection
and nature conservation, while only around 10 per cent is desig-
nated as production forest.

Zero or negligible areas (less than 500 hectares) are indicated
for around 5 per cent of countries for which protected forest areas
are listed. Most of these cases are in Europe, and include countries
such as Belgium, the Netherlands, Ireland and the United Kingdom,
where surviving remnants of native forest are of negligible extent.
The fact that the relative extents of protected forest in some deve-
loped countries are so small is to some extent understandable in
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terms of the limited surviving areas of ‘natural’, unmodified forest.
It does little, however, to strengthen their case when trying to
persuade some developing countries to adopt more conservation-
minded policies towards their forests. On the other hand the
stark breakdown of forest classes in cases such as Finland may be
misleading; nature conservation and recreation are also given
some priority over one-quarter of the area of ‘timber production
forests:” Just as ‘protected’ status may have different meanings in
different settings, so also classification as production forest may
have very different significance for nature conservation (and
recreation) in different countries.

Small though the relative extent of protected forest areas may
be, there is a clear trend towards expansion. Globally, the extent of
all kinds of protected areas has grown rapidly, with an approxi-
mately fourfold increase between the mid-1960s and mid-1980s.
In Central America, for example, the number of national parks and
other protected areas increased from 25 to 149 between 1969 and

* 1981, with a corresponding expansion of the protected area from
under 200,000 to 600,000 square kilometres. In Costa Rica the
national park system inaugurated in 1970 now extends to around
8 per cent of the country’s land surface. Financial assistance from
American conservation bodies has aided this expansion.

Numerous other instances of increases in the extent of pro-
tected forest areas could be quoted. Two examples from contrasting
countries will suffice. In Australia, the native forest area from which

. log production is precluded following designation as national
parks or similar areas increased from 1.8 to 8 million hectares
between 1971 and 1981. In the very different setting of Bulgaria,
protection forests, national parks and other special-purpose forests
increased from 400,000 to 1 million hectares between 1965 and 1985,

when they comprised some 29 per cent of the total forest area.
Almost world-wide, increasingsareas of native forest have been
designated for some form of conservation, but formidable obstacles
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have been encountered in some areas. In Papua New Guinea, for
example, the nature of forest landownership (Chapter 5) has meant
that it has proved very difficult for the government to acquire
land for parks and similar purposes, and the need to select areas
representative of ail altitudinal bands is an additional problem.

The expansion of designated areas reflects the emergence of
environmental issues and environmental pressure groups. In
countries such as Australia and New Zealand in particular, the
role and future of native forests have emerged as a major issue,
and this is reflected in the designation of increasing extents of the
surviving forest under some form of protection. In Australia, for
example, opposition on the part of environmentalists to woodchip
developments in native forests led to the setting-aside of forest
reserves. Similarly, in New Zealand, increasing extents of lowland
forest on the west coast of South Island have been reserved in the
face of environmentalist pressures. Previously, in the 1970s, similar
pressures led to the adoption of sustained-yield use of such publicly
owned forests in place of clear felling. While the issues may be
sharply defined and the controversies especially heated in these
countries, they are present in some form in almost every developed
country and are increasingly emerging in many developing
countries.

While a standard response to environmentalist pressures in
many countries is the designation of protected forests, the process
of designation is itself likely to have implications for non-designated
forest areas. On the west coast of New Zealand’s South Island, for
example, the earlier failure to manage the native forests on a
sustained-yield basis has alienated environmentalists. In response,
more and more of these forests have been protected, and the
reduced area available for timber production has curtailed efforts
at promoting sustained-yield management in the remaining pro-
duction forests. In short, protected forests may be subject to single
‘use’ in the same way as timber production may be the single use
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on non-protected, exploitable forests, and an increase in the
protected area can simply lead to an increase in the intensity of
management of other, non-protected forests for timber production.

Furthermore, the granting of protected status does not
necessarily guarantee the effective conservation of the protected
area. Full legal support for the status of strict natural reserves is
rare, and even when it exists it does not necessarily guarantee full
protection. Illegal felling is often a major threat, whilst the collection
of forest produce may also conflict with the objectives of reserve
management. Local people may be as alienated or disaffected by
their exclusion from the forest for reasons of conservation as they
are for reasons of commercial exploitation of timber. In Thailand,
for example, nearly half of the virgin forest area is now formally
protected, but the loss of the forest through activities such as
poaching and opium growing has not been halted. In Brazil, a fairly
comprehensive system of protected areas has been established,
extending to over 3 per cent of Brazilian Amazonia, but protection
remains inadequate in practical terms.

Despite the disparity that may exist between designation and
practical protection, protected status is of fundamental importance
in relation to the conservation of habitats and species, and there-
fore it is important that an adequate coverage of forest types is
achieved. Now the distribution of protected areas by biome and
biogeographical realm, but as the note to the data indicate, per-
centage coverage cannot yet be determined and hence adequacy
of coverage cannot be assessed.

Recreation

If increasing area of protected forest is a feature of recent decades, so
also is increasing recreational use. While recreation in the form of
, hunting has been a forest use since time immemorial, the use of
the forest for informal recreation such as walking, hiking and
camping is a characteristic of the twentieth century, and more
especially of the period since the Second World War. In much of
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the developed world, levels of recreational use have generally grown
rapidly in recent decades, usually at rates far surpassing those of
timber production. In the United States national forests, for example,
there was a thirty-fold increase over the forty-year period from
the late 1920s. In the state of Victoria in Australia, the number of
visitor-days at the mainly forested national parks was increasing
at a rate of 11 per cent per annum in the early 1980s.

Rapidly growing recreational use is a characteristic of almost
all accessible and state-owned forests in the developed world, and
increasingly it is also taking place in less accessible and privately
owned forests. In the United States, for example, recreational use
in national forests amounted to around 188 million visitor-days
per year by 1970. In the state forests of the United Kingdom, the
annual number of recreational visits is estimated at around 24
million. In Ireland, recreational access to state forests was actively
discouraged until as late as 1968, but by the early 1980s around
1.5 million visits were being made annually. In West Germany,
visits to forests for informal recreation may number as many as
1.2 billion per annum. In Denmark, 90 per cent of the adult popu-
lation visit the forest at least once a year, compared with 79-85 per
cent in Sweden and 92-96 per cent in Norway.

While recreational use is often strongly associated with
publicly-owned forests, it is by no means confined to that sector.
In the United States, although only 4 per cent and 1 per cent
respectively of non-corporate and corporate private owners have
commercial recreation as a primary management objective, 29
per cent and 54 per cent of the non-corporate and corporate forest
land is open to the public for some form of recreation. In addition,
large areas that are not open to the public are available to family
members, friends, or employees. Over much of the private area
recreation is permitted because it would be too difficult to pro-
hibit, but on the other hand more positive attitudes such as ‘good
neighbour’ policies or profit-seeking prevail. Furthermore, as
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private ownership changes and non-farmer owners become increa-
singly common in some countries, so a shift in the perceived value
of the forest holding takes place, with timber production being
accorded less significance and recreation value more importance.
Such shifts may have implications for levels of timber production,
especially in countries such as Finland.

While recreational use and protected status are not necessarily
mutually exclusive (for example in national parks and wilderness
areas), protected forests and recreational forests often have
different locational characteristics. The former are often in remote
areas, where relative inaccessibility has afforded at least partial
protection from inroads by lumbering and agriculture. The most
heavily used recreational forests, on the other hand, are usually to
be found in more accessible locations, especially around large cities.
In small, densely populated countries such as the Netherlands
and England, recreation may be the principal function of some
forests around urban areas, and indeed forests have been and are
being created primarily for recreation in such settings. In the
Netherlands, for example, the 1984 Forestry Plan aimed at expan-
ding the forest area by around 10 per cent by the end of the twentieth
century, and one-third of the expansion was to be close to the main
cities. In general terms, highly accessible forests may have high
values in terms of both timber and recreation, and hence conflicts in
management objectives are sometimes encountered.

Intensive recreational use may also be found in some remoter
areas, but there it is usually highly localised in a few prime land-
scapes such as national parks. In such settings the revenue
generated by forest camping, for example, may far exceed that
from timber production. In some of these areas timber values are
low in both absolute and relative terms. Around the northern :
timber line in Finland, for example, timber-cutting is restricted
for environmental reasons, and the value of tourism and recreation
is twice that of timber production.
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Recreational use of the forest may conflict with timber pro-
duction in a number of ways, such as impairment of tree growth
through soil changes resulting from trampling, or as a result of
management decisions involving choice of species, silvicultural
systems and rotation lengths. It may also conflict with nature con-~
servation, through, for example, disturbance. And there may be
internal conflicts within the recreational sector, especially between
hunting and informal recreation. In West Germany, for example,
this conflict arises from the disturbance of game by other recrea-
tional activities, while conflicts between hunting and timber
production result from damage caused by game and disputes as
to the choice of tree species that are optimal for timber production
or game.

Forest recreation is not usually associated with tropical areas,
but there are signs that the perception of tropical forests as a
resource for recreation and tourism is growing. The recreational
use of Malaysian forests, for example, is growing as the population
becomes more urbanised. In Indonesia, around 0.5 million hectares
have been designated as recreational forests. In Bali some areas
have been ear-marked as forest reserves accessible to tourists, in
order to assist with the development of tourism. In Costa Rica,
forest national parks have begun to attract foreign exchange
through tourism. In the past, tropical rain forests were perceived
to have little tourist or recreational value, and this is one reason
why few national parks were established in lowland forest areas
in Africa. The growing perception of their value for tourism and
recreatiop is a welcome step that may help to halt their loss.
Perhaps it is significant that one of the factors contributing to the
forest ‘turn-round’ in the United States at the end of nineteenth
century was a growing awareness of recreational values and
wilderness qualities.

Non-consumptive functional and multiple use
Increasing recreational use and an increasing absolute and
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relative area of protected forest is a feature of recent decades, but
a more distinctive characteristic of the ‘post-industrial’ forest is
the incorporation of several or multiple objectives—including
protection or conservation—alongside timber production. This
trend is not easily quantified, and differences in definitions, pro-
cedures and management frameworks make international com-
parison difficult. Nevertheless, UNBCH/FAO (1985) have attempted
to assemble data on relative extents and relative importance from
most of the developed world.

While qualitative terms such as “high’, ‘medium” and ‘low’
mean that detailed interpretation requires great caution, some
general points stand out clearly. Timber production is defined as
a function in almost the whole of the forest area of the specimen
countries, but its relative importance varies greatly. In the small,
densely populated Netherlands, for example, wood production is
ascribed ‘high’ importance in less than half of the forest area, while
recreation has ‘high’ status in 90 per cent of that area. In more
sparsely populated Finland, on the other hand, timber production
has ‘high” importance on 90 per cent of the area, compared with a
recreation ranking of only 3 per cent. In some Mediterranean
countries such as Spain and Turkey, larger areas of forest are of
‘high’ importance for protection than for timber production, but in
most of these cases nature conservation has low importance.

As has been suggested, various combinations and priorities
of functions of objectives exist, and large areas of forest are in
practice subject to multiple use. In many if not most cases, wood
production was the original function, to which others have been
added incrementally and chronologically. In state forests in New
Zealand, for example, management for soil and water conservation
was added in the mid-1950s, recreation in the early 1960s, nature
conservation in the early 1970s, landscape conseryation in the
late 1970s and provision of educational opportunities in the early
1980s. Non-consumptive objectives are now firmly incorporated
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into national policies, and indeed the concept of multiple use (at
least for state forests) is explicitly adopted in countries such as
the United States (under the Multiple Use-Sustained Yield Act of
1960) and New Zealand (under the Forest Amendment Act of 1976).
Multiple use may also be encouraged in various indirect ways in
private forests, especially in European countries, through guidance
and encouragement if not by strict enforcement.

While concepts of multiple or balanced use are widely
espoused, they bring with them various problems. As Zivnuska
(1961) observed, multiple use means multiple problems. If a forest is
managed for purposes such as recreation, hunting or nature con-
servation, there is likely to be a cost in terms of wood production
foregone. This cost may be expressed in a variety of ways ranging
from straightforward damage resulting from recreation (for example
through fires) or from game to the choice of species, techniques
or rotation lengths that are sub-optimal from the standpoint of
timber production. Some examples of such costs can be expressed
in timber volumes or monetary values. In Sweden, for example,
the present species composition in 100,000 hectares of broad-leaved
forest is to be preserved, with a potential annual loss of around 0.5
million cubic metres of wood, while in Finland cutting restrictions
will lead to a reduction of the total allowable cut by about 2 per cent.
In France, restrictions on cutting and on choice of species are
estimated to “cost’ FF 200 million, in Denmark to 100,000 cubic
metres of wood worth around $US 4 million annually. In the United
Kingdom it is claimed that recreation and conservation functions
cause losses amounting to an estimated £1.8 million per year, as a
result of sub-optimal rotation periods and species. On the other
hand, clear-felling causes recreational use to decrease, and recrea-
tion itself has a value whether or not it produces revenue at the
forest gate. In short, in multiple use a trade-off occurs between wood
and other goods or services offered by the forest.

Some of these other goods or services may generate revenue
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directly — for example, forest campsites or hunting licences—but
most of them have values that are very difficult to quantify in
monetary terms. Numerous attempts have been made to estimate
the value of informal recreation, but that of species conservation
is much more difficult to quantify, although perhaps no less real.
One obvicus value is in the role of the native forest as a source of
species or provenances suitable for planting elsewhere. One indirect
indication of this value is the fact that 4 million hectares of euca-
lyptus plantation have been established outside Australia. The
fact that benefits may accrue far beyond the immediate area of
forest greatly adds to the problems of evaluation in monetary
terms. Using a travel-cost method of evaluation and grossing-up
from a small number of accessible forests. It has been estimated
that the recreation ‘value’ of stale forests in Britain amounts to
between £14 and £45 million per annum, compared with timber
sales of around £60 million (these will rapidly increase as the young
forests mature). Impressive as such figures may be, however, they
are difficult to interpret. Since access to the forest for informal
recreation is not normally charged, the values are notional or at best
indirect. Furthermore, since no charge is usually made for recrea-
tional access to state forests, private forests owners are rarely in a
position to charge for recreational access to their forests. Never-
theless, the relatively easily quantified ‘losses’ of wood production
resulting from management for recreation or conservation need
to be viewed against the ‘gains’ from these other functions.
Problems of multiple-use policies

The formal adoption of multiple-use policies for the management of
state forests is a recognition that forests have values that extend be-
yond wood production, and is a reflection of growing pressures from
environmentalists who perceive high value in the continued existence
of native forests in particular. While an official endorsement of
environmental and recreational values is widely welcomed, multiple-
use policies are not without their problems. Since different units
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or currencies apply to the various uses, it is difficult to optimise
total ‘output’, and the relative weights or priorities have still to be
ascribed to the various functions. Most multiple-use policies are
rather vague about priorities. In New Zealand, for example, clear
guidelines about the roles and places of different uses in forest
management were not given, and in the United States, the Multi-
ple Use-Sustained Yield Act evaded the issue of priorities entirely.
Multiple use ‘has all too often meant a little of everything every-
where.’

This vagueness does not mean that the adoption of such
policies has been without effect or meaning. On the contrary, it
has provided an arena where competing single-use groups come
together and a means whereby goals other than timber production
can be promoted by interest groups or pressure groups. In the
United States, for example, the clear-felling of forest stands (with
its association with the destructive forest exploitation around the
turn of the century) was strongly opposed by environmentalists
during the 1960s and 1970s. This led to the passing of the Forest
Management Act of 1976 which confirmed that all management
decisions had to be in accord with multiple-use policy. Selective
cutting was encouraged, and while clear-cutting was not prohibited
it was made subject to guidelines. The very vagueness and lack of
specificity of the concept of multiple use may have made such
policies politically acceptable to governments and to conflicting
parties and pressure groups such as timber producers and environ-
mentalists, but at the cost of presenting almost insurmountable
problems for the forest managers. For example, since the adoption
of “balanced-use’ policies for state forests in New Zealand in 1976,
the highest-attainable goal for managers . . . [has been] a state of
moderate dissatisfaction among all client grodps—hardly inspira-
tional or motivating and virtually guaranteed to reinforce any
latent tendency to fortress mentality. Under such conditions,
priorities amongst objectives are likely to be ordered according to
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the effectiveness of client or pressure groups, and their relationship
to the prevailing political philosophy and government of the day,
rather than on more rational or popularly based criteria. It is
therefore perhaps not altogether surprising that the decision was
taken in New Zealand in 1985 to separate commercial and non-
commercial forest management, with the Forest Service having
responsibility for the former while most of the native forests were
transferred to the Department of Conservation.

It remains to be seen whether this separation in New
Zealand will set a trend and whether it marks the beginning of a
reversal of the trend towards multiple use and non-consumptive
functions that characterise the ‘post-industrial’ forest. Paradoxically,
it comes at a time when increasing regulation is being imposed
on the management of private forests in much of the developed
world, to the extent that the distinction between private and public
forests is being blurred. This trend is more apparent in some
countries than in others, and indeed in the case of the United States,
for example, in some states than in others. In is manifested espe-
cially in terms of constraints on management practices, especially
in relation to environmental protection, and in some cases also in
public recreational use of private forests. In West Germany, for
example, public entrance to private forests is permitted under the
Federal Forest Law of 1975. Forest owners must allow the forest
authority to install trail-marking signs, and visitors have the right to
pick flowers and berries (for non-commercial purposes). In Britain,
grants towards the costs of establishing private forests are now
given only where certain environmental criteria are fulfilled. In
short, government influence is exerted on the design and use of
private forests, and is certainly not restricted solely to state-owned
forests. As the means of exerting such influences increase, the
perceived need for continued state ownership may decrease. Under
such circumstances, the privatisation of publicly owned forests
may accelerate.
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If a blurring of the distinction between the management
objectives of state and private forests is in prospect, perhaps a
similar trend may become apparent between native and exotic or
man-made forests. Whilst nature conservation values will remain
highest in native forests, man-made forests may increasingly be
designed, under the influence of a combination of government
‘carrots and sticks’, to provide for nature conservation as well as
timber production. Similarly, man-made forests may be designed
to cater for recreation, and for some types of recreation may do so
very effectively, as for example in countries such as Britain and
the Netherlands. Even in countries such as New Zealand where
sizeable proportions of native forests remain, exotic forests acco-
mmodate a wide range of informal recreational activities, and
indeed these activities are there practised in private and state
forests alike.



7
The Forest Resource and the
Environment

Environmental issues are of fundamental importance in the use
of the forest resource at the present day. The fate of the tropical
rain forest, for example, has emerged as a major issue on the global
scale, and attracts the attention and concern of both citizens and
governments far removed from tropical latitudes. Similarly, symp-
toms of forest decline in central Europe and parts of North America
give rise to much concern not least because of the symbolic signi-
ficance of dying forests as indicators of environmental malaise.
This significance is heightened by the image of the forest as a clean
environment, yielding equable flows of pure water, protecting
against soil erosion, and providing wildlife habitats and recreational
settings. Such an image has for long been promoted by forest
services and proponents of forestry; it is an image that suffers
badly when the reality is seen to be marred by unhealthy trees,
muddy streams and the loss or impoverishment of wildlife.
During much of the present century the forest has been
perceived in very positive terms, and any attempt at afforestation
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or reforestation has usually been welcomed as an environmental
improvement. In recent years, however, environmental groups
have begun to oppose the expansion of forests in countries such
as Britain and Denmark, because of the perceived environmental
effects of the type of afforestation and the way in which it is carried
out. Both the use of the forest resource and changes in its extent
attract widespread attention on environmental grounds, and environ-
mental issues are now taking their place alongside economics
" and politics as major influences on forestry policies.

The relationship between the forest resource and the environ-
ment is of the utmost complexity, and some aspects of it are
characterised by uncertainty. This short review can outline only a
few of its main features. First, the neture of the effect of some general
environmental trends on the forest resource will be considered.
Second, the environmental effects of the use and management of
the resource will be reviewed. Finally and very briefly, some of
the environmental effects of afforestation will be outlined.
Environmental Trends and Forests
While timber harvesting and other forms of resource use often have
significant effects on the forest environment, the forest itself is
affected by changes in climate or other elements of the wider
environment. As at the end of the twentieth century, two issues in
particular are attracting much attention. The first of these is the
increasing content of carbon dioxide in the atmosphere, and the
resulting increase in temperature through the ‘greenhouse effect'.
Forest growth and distribution may be affected by this warming
effect, while tree growth-rates may be directly modified by changing
concentrations of carbon dioxide. Second, acid precipitation and
other forms of atmospheric pollution have been suspected of
being responsible (wholly or partly) for the symptoms of forest
decline reported from the forests of parts of Europe and North
America. Both these issues have important implications for the
future of the forest resource—the former on the long-term and
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the later on the medium-to-short time-scale.

Climatic warming

The distribution and extent of forests are not static, as might be
implied by maps, but have undergone major changes in response
to climatic fluctuations in recent (geological) times. During glacial
periods, the forest belts have migrated equator-wards, only to move
polewards again during interglacials. Such shifts may seem irrele-
vant on the human time-scale and in the context of resource use,
but they are reminders of the dynamic nature of forest patterns
and distributions. It is possible that current climatic trends may
give rise to comparable changes in forest distributions over the
next few decades and centuries.

The role of deforestation

The much-publicised ‘greenhouse effect’ results from the role of
carbon dioxide and other ‘greenhouse’ gases in absorbing long-
wave terrestrial radiation, with consequent warming of the atmos-
phere. Carbon dioxide (CO) is only one of several ‘greenhouse’
gases, but it is the most important and accounts for at least half of
the ‘effect’. As is well known, concentrations of CO; in the atmos-
phere have been rising steadily, and are likely to continue to do
so in the foreseeable future. Most of the increase in CO, comes
from the combustion of fossil fuels, but substantial amounts also
result from the clearing and burning of forests. Estimates of the
relative importance of forest clearance and other biotic sources
compared to fossil fuels vary greatly. For example, a ‘deforestation’
output of between 0.4 and 2.5 billion tons of carbon is reported, as
compared with an output of approximately 5.6 billion tons from
the combustion of fossil fuels. Using FAO/UNEP data on defores-
tation rates in 1980, it can be concluded that the net flux from non-
fallow forests was between 0.7 and 1.4 x 10%5 g of carbon, compared
with a release of 5.2 x 105 from the combustion of fossil fuels. Lower
estimates of at least 0.4 but not more than 1.6 x 1015 of carbon in
1980 are suggested. Of the estimates, between one-third and one
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quarter comes from decreases in soil organic matter, while the
burning and decay of cleared vegetation account for the remainder.

Some disagreement exists about the nature of the flux of carbon
from the clearing of forest vegetation. Combustion is frequently
incomplete, resulting in conversion of biomass into charcoal and
soil organic matter and hence functioning as a carbon sink rather
than carbon source. More generally, the fate of wood cut from
tropical and other forests determines how rapidly that organic
matter is returned to the atmosphere as CO.. While fuelwood is
quickly returned, industrial wood products are usually broken
down much less rapidly. Paradoxically, even some deforestation
may create carbon sinks, if it is followed by a vigorous regrowth
with rapid uptake of CO,, and if a proportion of the initial biomass
remains on site.

Considerable uncertainty therefore surrounds the contribution
of forest removal to rising levels of CO,, but deforestation may
account for around 20 per cent of the total increase in CO;. Itis a
minor, but nevertheless significant, contributor to the total output,
and hence to the ‘greenhouse effect’. Furthermore, the use of wood-
fuel is an additional source of CO», over and above that resulting
from forest fires associated with forest clearing or arising from
natural causes. Its contribution is estimated to amount to around
one-tenth of that from the fossil fuels.

Deforestation (and other biotic sources such as the cultivation
of grassland soils and the drainage of wetlands) and fossil fuel
combustion have both increased rapidly over the last 150 years. For
areas such as south-east Asia, for example, it has been suggested
that the current flux of CO; is much larger than at any time in the
past, because of the growth and density of the population, reflected
in increasingly extensive and intensive land use. Conversely, how-
ever, a change in forest trends can lead to a reversal of function in
terms of carbon budgets. Temperate forests now function as CO:
sinks, whereas in the past they have been sources, like the tropical
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forests of today. The Southeast of the United States, for example,
was a net source of carbon from around 1750 to 1950, as the forests
were cleared for agriculture. Since 1950, it has become a sink (albeit
a minor one) as reforestation has proceeded. This North American
example may be repeated in other areas where the forest area has
been increasing, and perhaps even for non-tropical forests as a
whole. Afforestation has been suggested as a possible tool for
moderating global warming. Furthermore, the recent case of the
American power company which agreed to plant 500 square
kilometres of forest in Guatemala gives rise to some hope for the
future. This forest will absorb at least as much CO; as its new
power station in Connecticut, using fossil fuels, will emit. On the
other hand, differences in biomass between natural and planted
forests mean that reforestation can never completely offset the
carbon losses to the atmosphere resulting from initial deforestation.

Whatever the detailed role of forest trends may be, the role of
tropical forests is crucial. The rapid rates of carbon recycling in
tropical rain forests in particular mean that their conservation,
together with the upgrading of already degraded tropical habitats,
is potentially the most etfeciive demand-side means of dealing
with the global CO; problem.

The greenhouse effect results not cnly from increasing
concentrations of CO, but also from changes in concentrations of
other gases such as methane. The burning of tropical rain torests
may indirectly lead to increases in such gases, as well as in COx.
It has recently been suggested that the burning of tropical forests
and savannahs generates at least as much carbon monoxide (CO)
as does the burning of fossil fuels, and that this in turn leads to
the accumulation of methane as well as ozone, which can be toxic
to plants.

The effect on forest patterns
Atmospheric CO; concentrations have increased by almost 25 per
cent over the last hundred years. They are rising (at a rate of around
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10 parts per million during the 1980s, against a level of around
350 ppm at the end of the decade) and are likely to continue to do
so in the foreseeable future. By one hundred years from now,
they may have risen to between 500 and 600 ppm. By then global
average temperatures could be several degrees higher. Such
increases in temperature are unlikely to be evenly distributed
around the globe, but are likely to be relatively small in the
tropics and much higher (of the order of several degrees) in high
latitudes.

On the basis of temperature changes resulting from projected
COz concentrations, major changes in forest extent and distribution
could result. One well-known model, based on a doubling of CO;
and on Holdridge Life Zones (indicating the type of vegetation
expected from climatic parameters) was developed by Emanuel
et al. (1985). Its results are spectacular: forest zones would shrink
from 58 to 47 per cent of the land surface, and there would be some
expansion of the tropical forest zone and a dramatic contraction
of the boreal coniferous zone. Much of the present boreal zone
would be replaced by cool temperate forest or steppe, and its pole-
ward migration would be impeded by the relative paucity of
land in polar latitudes.

The main value of such a model probably lies in its indication
of the possible scale of impact rather than in the detailed pattern
of forest changes. Possible changes in precipitation, which would
be of major importance at the forest-steppe boundary, were not
incorporated, nor were the effects of altitude or of soils. Further-
more, changes in mean annual temperature were employed, and
it has been suggested that the seasonal distribution of temperatures
would be more relevant. More recent work has drawn attention
to the roles of other factors such as soil moisture in determining the
detailed pattern of response, and also factors such as the changing
availability of soil nitrogen, which may be both a cause and an
effect of changing vegetation. Even with these qualfications,
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however, the results of the work of Emanuel ef al. are startling,
and there is agreement that large reductions in the extent of
boreal forests, together with a poleward shift in their boundaries,
is a distinct possibility.

The effect on forest growth

In addition to these shifts in the forest belts, dramatic changes in
forest productivity could occur, especially in the boreal forest
zone. In absolute terms, the greatest increases in growth would be
expected in the warmer, southern parts of the zone, but in relative
terms the increases would increase northwards. An estimated
increase in potential productivity resulting from the CO; levels is
expected to exist in the middle of next century, compared with
present conditions. Productivity would more than double in
some areas. Potentially significant increases are not confined to
the boreal zone. In theory, sizeable increases might be expected
over much of Australia, for example, but in practice other limiting
factors, such as availability of water or nutrients, may come into
play.

In practice there would be a time-lag between climatic change
and biological response, and the response indicated here would
certainly not be immediate. Such a time-lag would also, of course,
characterise distributional changes in forest area.

On the other hand there is some indication that changes in
growth rates and in forest boundaries are already occurring. Under
laboratory conditions, an increase in the CO; level is usually found
to increase the rate of photosynthesis, and changes in growth rates
may therefore result directly from this ‘fertilization’, as well as
from climatic warming. In the western United States sub-alpine
conifers have been found to have had increased growth since the
middle of the nineteenth century. This increase exceeds that which
would be expected from climatic trends, but is consistent with
global trends in CO,. In high-level forests in the Cascade Moun-
tains of Washington, net primary productivity at a number of
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widely separated sites has increased by up to 60 per cent during
the twentieth century, but it has been concluded that changes in
summer temperatures, rather than direct CO; fertilisation, are
responsible. Elsewhere in North America, increased tree-ring widths
and/or advancing forest margins are reported from Alaska, sub-
Arctic Canada and Quebec. It has also been suggested that similar
changes resulting from climatic warming (with or without CO;
fertization) have occurred in Europe. For example, in southern Fin-
land an increase in volume increment has been observed between
successive inventories, and its magnitude could not be explained
in terms of climatic conditions or improved silviculture. The tentative
conclusion is that the increase is due to rising CO; levels and/or
nitrogen deposition.

While changes in growth rates and forest boundaries in high-
altitude or tundra-margin forests may be of little significance in
practical terms of resource use, those in areas such as Finland may
be more important. Also the possible ramifications of increasing
CO;, levels extend well beyond growth rates and forest boundaries.
Changing climate could mean changing frequencies of climatic
events such as gales or severe frosts and could thus have implications
for the choice of species, as well as possible effects on growth and
yield. In Canada, for example, fast-growing species, including some
hardwood and weed species, may be favoured, and a mismatch
may develop between the present forest types and the climatic
regions that they occupy. Under such conditions, pest outbreaks
and fire damage may intensity, and in addition operational prob-
lems, for example in winter logging, may be encountered. In short,
rising levels of CO; may well have both positive and negative
effects. It presents neither an unmitigated blessing nor a disaster
for forestry. Nevertheless, the changes in high-latitude forests such
as those of Canada are expected to be considerable, and commen-
tators have urged the responsible agencies to devise appro-
priate strategies to deal with them, especially since the lifetime of
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current plantings will extend well into the period of expected
climatic change.
Forest decline
While growth rates in some forests may already be increasing as
a result of changing CO, concentrations, other forests are showing
signs of decline and even of death. One of the major environ-
mental issues of the 1980s was the forest decline reported from
much of Europe and from parts of North America. Forest decline
is not a completely new phenomenon. Local-scale damage to
forests from air pollution has occurred widely, both in the past
and at present, and is associated especially with metal-smelting
industries. Furthermore, periodic declines have been reported
from a number of areas and for a number of species in the past.
The forest decline that became so apparent in the 1980s, however,
is of a different scale. While local pollution effects such as those
around Sudbury, Ontario, extended to an area of nearly 20,000
hectares, the scale of the forest decline of the 1980s is regional or
even continental, extending to millions of hectares. And while the
pollutants responsible for local declines in the past have usually
been readily identified, the causes of recent forest decline remain
uncertain. Symptoms include discolouration and loss of needles
and leaves, decreased growth rates and abnormal forms of growth,
and in some instances death of trees. The effects are in due course
transmitted throughout the forest ecosystem. In the Netherlands,
for example, a deteriorating quality of eggshells of some hole-
nesting birds, attributed to acid precipitation and hence insuffi-
ciency of calcium, is reported. In Hungary, a decline in oakwoods,
believed to be related to soil acidification which in turn is related
to air pollution, has been accompanied by a disappearance of
mushrooms.

During the 1970s, signs of decline were observed in white/
silver fir (Abies alba) and then in Norway spruce (Picea abies) in
West Germany. By the early 1980s, the symptoms were observable
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also in pine, larch and a number of broad-leaved species. By 1983,
up to 75 per cent of the area of fir in West Germany was affected,
while over 40 per cent of pine and spruce, 26 per cent of beech
and almost 15 per cent of oak were also identified as damaged in
1983. In 1982, 8 per cent of West German forests showed signs of
damage: by 1985 the proportion had increased to 55 per cent. Very
rapid increases in the extent of damage were reported for some
species between 1982 and 1984 in particular, in the Land of Baden
Waurttemberg the percentage of healthy fir trees fell from 62 to
under 5 between 1980 and 1982, whilst that of spruce damage
increased from 6 per cent in 1981 to 94 per cent in 1983. The extent
of damage appeared to stabilise in the second half of the 1980s.
While forest decline or Waldsterben is usually associated with West
Germany, other countries in western, central and eastern Europe
have also suffered serious damage. The extent and progress of this
damage in one instance — part of Czechoslovakia.

Various species in North America have also displayed symp-
toms of decline. These include sugar maple in the Northeast of
the United States and the south-east of Canada, white pine and
high-altitude red spruce in the eastern United States, and Ponderosa
and Jeffrey pines in California. A sudden increase in dieback of
sugar maple was observed in Quebec in 1982, and since then
symptoms of defoliation, dieback and mortality have worsened
and spread to other species. The heaviest mortality corresponds
with localities suffering severe insect attack, seasonal climatic
extremes, low soil nutrient status and highest fallouts of wet acid
sulphate and nitrate. Annual growth of red spruce in New England
increased consistently from 1910-20 to 1960, and then fluctuated
around a generally declining trend. By the early 1980s, it was 13
to 40 per cent below its peak levels.

Uncertainty exists as to whether the observed declines in
growth rates are natural or anthropogenic. Defoliation by spruce
budworm, climatic change, increasing maturity of the forest and
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acid deposition have all been identified as possible explanations.

Various hypotheses have also been advanced to explain forest
decline in Europe. These include soil acidification, accelerated by
the deposition of acid substances from precipitation or directly
from the atmosphere, leading to aluminium toxicity and possibly
magnesium deficiency; gaseous pollutants such as ozone, sulphur
dioxide and ammonia; excess nitrogen from the atmospheric
deposition of nitrogen compounds (especially from automobile
engines); organic compounds; and general stress, perhaps from
multiple pollutants, which expose the trees to increased risk of
damage from drought or pests. Different causes may be responsible
in different areas, for example, local effects result from high
levels of ammonium sulphate around intensive livestock units in
the Netherlands and around industrial plants and power stations
in countries such as Czechoslovakia and Poland, but other, larger-
scale factors must be responsible in areas such as the German and
Swiss mountains. Ozone, produced by photochemical reactions in-
volving emissions of nitrogen compounds and hydrocarbons from
power stations and motor vehicles, is believed to be at least a
contributory factor in West Germany and North America. Rigorous
proof of cause has been established for ozone damage in eastern
white pine and in southern Californian forests, while there is cir-
cumstantial evidence of causality in the Sugar maple forests of New
England and neighbouring areas and in low-altitude coniferous
forests in the eastern United Stales from New England to Florida.

While ozone is the only regionally dispersed pollutant that
has been rigorously proven to cause detrimental effects on forests,
others such as acid deposition (especially in rainfall and from
cloud and fog) are strongly suspected of being damaging. In
Canada, the opinions of surveyed scientific experts are that acid
deposition has already significantly reduced forest productivity
in the east, and may soon do so in the west. The estimated decline
in productivity may be of the order of 5 per cent.
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Soil acidification is widespread, especially under conifer crops,
and while it may be a natural process, there is also evidence that
it has accelerated. The strong and deep-reaching acidification
which is widespread on all except limestone soils in Germany is
traced back to acid deposition. In Sweden it has been established
that the rate of acidification between the 1920s and 1980s was higher
in the south than in the north, and the most likely explanations is
the larger load of acid deposition in the south. In southern Sweden
soil acidification of up to one pH unit has occurred. On the other
hand, however, the geographical pattern of symptoms of forest
decline in Scandinavia is not correlated with levels of gaseous
pollutants. Nor is there a close correlation between acid deposition
and forest decline in West Germany. Despite the synchronous
appearance of symptoms of decline across different regions and
species in Europe, it seems that no single cause is responsible. In
the case of Norway spruce, for example, several different diseases
and causes may be responsible, and the synchroneity of onset of
symptoms is perhaps due to climatic stress. Climatic conditions
are also considered to be the key factor underlying changing growth
rates in the Vosges Mountains of France, although regional air
pollution may have had an exacerbating effect.

While it has been concluded that, at least in some areas such
as parts of West Germany, it has been proven through comple-
mentary circumstantial evidence that air pollution is the deter-
minative factor causing the forest decline. The occurrence and
severity of the decline are not correlated with any specific pollutant.
Probably no single casual factor is responsible. In this state of
uncertainty, the prognosis is obviously unclear. Climatic warming
may itself impose stress on some species, and predispose them to
attack by pests or disease, and various other factors may also
contribute. One may be the structure of the affected forests.
Uniformly structured European plantation forests are compared
by Mueller-Dombois (1987) with similarly structured natural forests
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in New Zealand and Hawaii. Extensive die-back occurs in the
later when they enter the senescing life-stage, even in the absence
of air pollution. The underlying basis of the process in Europe may
therefore be natural, and factors such as air pollution may simply
accelerate it. Another factor may be land-use history, especially
in relation to observed reductions in growth rates in pine stands
in the south-eastern United States. Many of the stands planted
between 1945 and 1965 were on abandoned farmland, while many
of the more recent plantings have been on cut-over timber land,
giving lower growth rates. This trend, combined with other social
and institutional factors, may lie behind the recent downward
turn of net annual growth of softwood in the region, following a
long climb.

Whatever the causes of forest decline may be, the potential
practical significance in terms of lost timber production is enormous.
In North America, if it is assumed that the effect of acid deposition
is to reduce forest productivity by 5 per cent, then the annual
losses to the commercial timber industry would be around $197
million (1981 dollars) in Canada and $600 million in the United
States. Estimates of the annual costs of Waldsterben to the West
German timber and related industries amount to hundreds of
millions of dollars per annum and may eventually amount to a
billion or more dollars. One study suggested that the total direct
and indirect monetary cost, based on loss to the forest industry,
reduced recreational value and additional costs arising from the
increased need for protection against avalanches could amount to
a staggering $200 billion between 1984 and 2060. In Bavaria,
where the loss of annual increment was estimated at 17 per cent
in 1984, the cost was believed to amount to over DM 200 million per
annum. Behind these aggregate figures lie serious consequences
for numerous owners. For example, it has been estimated that a
model farm-forest enterprise in Bavaria, consisting of 80 hectares
of forest and 7 hectares of grassland together with tourism and
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hunting, could witness a decrease in gross annual income from
DM 114,400 under damage-free conditions to DM 48,400 under a
scenario of constant-damage intensity and to DM 8,400 with a
moderate increase of damage. Any increase of damage would
seriously jeopardize the viability of the farm forest. On a wider
scale, fears have been expressed that a general collapse of the
forest-products industries in West Germany could occur unless
strict controls are imposed on air pollution. In addition to the
obvious economic costs, indirect losses will be incurred in terms
of reduction of intensity or quality of recreation in damaged forests.
Furthermore, protected forests will be affected as much as pro-
duction forests in the regions in question.

Perhaps the biggest cost, however, is the alarm and concern
generated in the minds of the population, if the supposedly pure
forest environment displays symptoms of decline, what does this
indicate about the health of the wider environment? The fact that
the causes of the decline have not been fully identified makes it
seem even more ominous and sinister. On the other hand the rapid
increase in symptoms of decline observed during the first half of
the 1980s has not continued through the second half of the decade.
While damage has increased in some areas, others have shown
some signs of recovery. And the predicted financial disruption to
the timber market resulting from unplanned salvage fellings has
not materialised.

External environmental changes are of major significance in
relation to the use of the forest resource. On the one hand, climatic
warming may lead to a reduction in the forest area and a shift in
the forest belts. On the other hand it, in combination with CO;
fertilisation, may enhance growth rates and necessitate changes
in cultivation practices. Little can be done to halt these trends, as
the output of CO; is so huge and widespread, but uncertainty
remains as to their strength and pattern. Their effect will probably
be increasingly felt in the future, while the symptoms of forest
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decline are already all too apparent in parts of Europe and North
America. While regional-scale air pollution is suspected as a
major cause or predisposing factor, the details of the mechanisms
involved are imperfectly understood. Whilst in theory emission
levels of ozone and acid deposition could be reduced more easily
than that of COy, in practice it will be many years before regional
controls become effective. The outlook for the boreal coniferous
and cool temperate forests, therefore, is uncertain.

Forest Resource Use and the Environment

While the growth, extent and health of forests may be affected by
air pollution and changing atmospheric composition, the use of the
forest and changes in its area can also affect the wider environment.
Some of the impacts arising from resource use are well known,
but in other cases there is greater confusion or uncertainty. One
of the main problems is that resource use can take various forms,
ranging from complete removal of the forest to more modest and
benign operations such as the harvesting of ‘minor’ forest products.
Deforestation itself may take various forms, ranging from sudden
and drastic clearance to a slow and gradual attenuation of the
forest. Furthermore, the same operation carried out in different
ways can have very different effects. For example ‘recovery’ from
forest clearance in areas such as Amazonia may take only a few
years if the clearing is carried out manually, but thousands of
years if it is done mechanically.

Hydrology

The forest has been widely perceived as supplying equable flows
of pure water and linkages between forest cover and rainfall have
been widely believed to exist. For example, in the United States
in the nineteenth century it was thought that afforestation on the
Great Plains would lead to increased rainfall. Myth and fact are
difficult to separate in this area, and relationships that are well
established in some areas cannot necessarily be extrapolated to
other situations.
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Forest and rainfall

On the local scale, it has usually been assumed that no definite
connection exists between forest cover and rainfall, and allegations
of declining rainfall following forest removal have rarely been
supported by convincing evidence. More recently, however,
some evidence has accumulated from places as different as India,
Peninsular Malaysia, the Philippines, Ivory Coast and the Panama
Canal area to support the hypothesis that deforestation may be
followed by lower and/or less reliable rainfall, or at least a reduced
availability of water. The actual mechanisms by which rainfall
might be reduced are uncertain, although it has been suggested
that changed surface roughness may be involved. One special
case is that of high-altitude cloud forests and forests in coastal fog
belts. Occult precipitation (from fog and cloud) may be of very
significant amounts on the large surface areas of leaves, needles,
stems and branches. In Hawaii, for example, occult precipitation in
such forests contributed an extra 760 millimetres compared with
2,600 millimetres in a similar non-forest area. It follows that removal
or attentuation of cloud forests will be followed by a reduction in
rainfall.

On the larger scale, there is also some uncertainty about the
relationship between rainfall and forest cover. It has been speculated
that extensive deforestation in areas such as Amazonia could
result in significant reductions in rainfall. It has been shown that
the Amazonian forest plays an important role in recirculating
water to the atmosphere, about half of the incoming precipitation
is returned to the atmosphere as evaporation, and the rainfall
intercepted by the forest canopy is a significant component of this
evaporation. A reduction in this recirculation could therefore lead
to a reduction in rainfall. Salati and Vose conclude that continued
large-scale deforestation could lead to reduced precipitation, which
in turn could adversely affect climate and hence agriculture in
south-central Brazil. Furthermore, it has been asserted that :
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total annual rainfall will decrease considerably when a certain
percentage of Amazon forest has been destroyed and the seasonally
of rainfall will become more pronounced. This will probably have
a disastrous effect on the survival of spared forest areas which are
intended as ‘nature reserves’ or the like.

Henderson-Sellers and Gornitz (1984) have attempted to simulate
the climatic effects arising in changes in albedo resulting from
tropical deforestation. They simulated the effects of removing
almost 5 million square kilometres of forest (the current global rate
continued for thirty-five to fifty years) from Amazonia, and replacing
it with a grass/crop cover. This extreme scenario yielded a decrease
in rainfall of only 0.5-0.7 millimetres per day (annual rainfall is
3,000 millimetres or more in much of the basin). Earlier workers
in the sphere of modelling the climatic effects resulting from
albedo change following removal of the entire tropical rain forest
indicated slight decreases in precipitation in tropical and high
latitudes and a slight increase in the subtropical zone. (They also
suggested that the albedo effect would result in slight global
cooling.)

While the general direction of the changes in raintall indicated
by such modelling is the same as that alleged in much popular
and environmentalist writing, the modest dimensions of change
contrast with many of the more extreme predictions of withering
droughts following tropical deforestation. Furthermore, the climatic
effects of deforestation in a continental area such as Amazonia
will not necessarily be replicated in other parts of the world with
different situations and climatic regimes.

Water yield and river flow

Similar uncertainly and disagreement characterise the role of the
forest in relation to water yield and river flows. The forest and its
soil have frequently been claimed to function like a sponge, absor-
bing rainfall and releasing it gradually in equable flows. The
corollary is that the removal of the forest will result in decreased
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and less equable flows, and hence tend to lead to droughts and
floods. Both of these components of this belief are open to question,
qualification or refinement.

Whatever its effects on rainfall may be, the removal of trees and
forests usually reduces losses through evaporation and transpi-
ration, and hence increases water yield. Cloud forests may represent
a special and exceptional case, but there is widespread evidence
to suggest that an increase in water yield is the normal response
to a decrease in forest cover. For example, the conversion of
tropical forest in the high rainfall belt of Zambia to agricultural
use had resulted in an increase in streamflow. On the basis of a
review of ninety-four catchment experiments around the world,
it was found that the increase in yield was greatest in areas of
high rainfall, that it was proportional to the reduction in the
forest canopy, and that for every 10 per cent reduction in forest
cover there was an increase in water yield equivalent to about 40
millimetres of rainfall in the case of coniferous and eucalyptus
forests and around 25 millimeters for deciduous types. In other
words, deforestation is more likely to increase water yield than to
decrease it. Conversely, afforestation is likely to reduce streamflow.
In a study of ten large river basins in Alabama, Georgia and
South Carolina, where the forest area increased from 10 to 28 per
cent between 1919 and 1967, annual stream discharges were found
to decrease by amounts varying between 4 and 21 per cent. A
change in the type of forest, and hence in its functions of rain-fall
interception and evapotranspiration, may also result in changes in
streamflow. For example, in the southern Appalachians, annual
streamflow decreased by around 20 per cent following the con-
version of a mature deciduous hardwood forest to white pine.
Young, rapidly growing eucalyptus plantations in the humid
tropics have been found to consume more water than natural
forests, and decreases in water yield of as much as 28 per cent
have been reported from cases in India.
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Some evidence exists to support the popular belief that forest
cover helps to regulate river flows, especially in comparison with
crops. In the Ivory Coast, for example, the dry-season flows of rivers
are much higher from primary forest than from coffee plantations;
the ratio of flow varies from approximately 2:1 during mid-season
to 3-5:1 at the end of the dry season. In Malaysia, it was found that
low flows of rivers from primary rain forest were roughly double
those from rubber and oil-palm plantations. To this extent, then,
the ‘sponge’ theory is supported, and has been invoked to explain
the problems of water availability for the Panama Canal which
first became evident in the late 1970s. Destruction of the forest by
peasant cultivators was believed to be responsible. On the other
hand, the relationship between deforestation and flooding is
complex. There is a long-held belief that forests prevent or reduce
floods; large areas of land were planted for this reason in the
Tennessee Valley and elsewhere in "he United Slates during the
1930s, for example. Rates of run-off may be much higher from crop-
land than from natural forest, but it does not necessarily follow
that allegations that major floods in rivers such as the Ganges
and Brahmaputra are ‘caused’ by deforestation or the harvesting
of fuelwood in the Himalayas. According to Myers, for example, over
the last thirty years “forest cover in the upper catchment terri-
tories (of the Ganges) has been reduced by 40 per cent . . . with the
result that monsoonal flooding now causes appreciable damage.”
Other commentators however, conclude that it is simply not
defensible to attribute major floods in the rivers of the lower parts of
the Indian subcontinent to fuelwood harvesting in the Himalayas.
Indeed, Ives (1988, 1989) asserts that claims that deforestation in the
Himalayas has caused serious impacts on the plains and deltas of
the Ganges and Brahmaputra must be challenged at all levels.

While deforestation may intensify downstream flooding by
increasing the frequency of small floods, it is unlikely to have
much effect in terms of major floods. The storage capacity of the
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forest ‘sponge’ is limited, and once exceeded, especially in high-
rainfall, mountainous areas such as the Himalayas and New
Zealand, it will have little effect in preventing major floods or even
in reducing their magnitude. Nevertheless, even if upstream de-
forestation is not responsible for disastrous floods in areas such
as Bangladesh, there may be a significant effect in terms of the
heights and frequency of small floods. For example, it has been
suggested that agricultural colonisation in Peruvian Amazonia
has increased flooding down-stream, to the detriment of human
settlements and crops along the rivers. The height of the annual
flood crest of the Amazon at Iquitos is reported to have increased
markedly during the 1970s, when the population of Peruvian
Amazonia doubled but rainfall patterns apparently did not change.
This claim, however, has been disputed. The later found no clear
statistical evidence to support the allegations of an increasing
height of annual flood, and even if such a change had occurred, it
was not necessarily due to deforestation.

While it is appropriate that the ‘sponge’ theory has been
subjected to critical review in recent years and that allegations of
a direct relationship between deforestation and major floods be
treated with some skepticism, there is perhaps a danger of over-
reaction. In theory grassland and scrub may provide as much
storage and protection as forest, but in practice that protective
role may be greatly reduced by overgrazing or burning. Quite
apart from any other benefits it may yield, the maintenance of the
protective forest may well be justified by hydrological reasons,
although the effectiveness of the protective function depends on
the type of forest. Eucalyptus plantations, for example, have been
found to regulate flow less well than natural forests.

The macro-scale climatic and hydrological effects of extensive
deforestation in areas such as Amazonia have attracted much
popular attention, but other forms of impact also occur, as do
impacts arising from smaller-scale operations carried out as normal
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parts of forest use and management. An example of the former is
a rising water table following clear-felling of indigenous forest.
With forest removal there is a reduction in evapotranspiration,
and in addition to the increases in river flow that have already been
discussed, there may also be a rise in the water table. Resulting
problems of salinity have been encountered in areas such as south-
west Australia, where native sclerophyll forests have been felled
for wood chips.

Clear-felling of small areas usually results in an increase in
streamflow. Following the clear-felling of two small catchments
in central Sweden, run-off increased by 119 and 75 per cent res-
pectively, but these results are more dramatic than those reported
from other Scandinavian investigations. Over larger river catch-
ments, the nature of the effect may be both small and complex,
depending on, amongst other factors, the size and location of the
coupes. For example, in central Sweden the total effect on peak
flow of a 10 per cent clearcut in a large basin is small compared to
the effects of extreme weather conditions. The locational pattern
of cuts, however, has a differential effect which is the greatest in
spring because of its influence on the pattern of snowmelt.

On the scale of small clear fells or coupes, these hydrological
effects are likely to be exceeded in significance by those of sediment
transport, and numerous reports from around the world confirm
that both forest removal and timber harvesting are likely to lead
to increased rates of sedimentation.

Soils

The relationship between forest vegetation and soils is close, and
any change in forest vegetation— for example through clearance
or selective felling—may be followed by changes in the physical or
chemical characteristics of the soil. Harvesting and other mechanical
operations may also lead to changes in soil conditions, and these
changes may have off-site consequences — for example, in increased
sediment loads downstream—or on-site consequences such as
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reduced growth rates in subsequent rotations or cycles.
Forest clearance, soils and water budgets
When natural forest is cleared, the nutrient and water budgets of
the soil are fundamentally altered. With the removal of trees and
shrubs, evapotranspiration is reduced, and hence both water
tables and water yields may rise. Circulation of nutrients from
soil through trees and shrubs and back through plant litter to the
soil is disrupted. The practical significance of these consequences
varies with climate and ecological situation. In cool temperate
regions such as the maritime fringes of north-west Europe, for
example, increased waterlogging following the initial forest
clearance thousands of years ago led to the development of peat
bogs which have persisted ever since. In addition to the direct
hydrological effect of reduced losses from evapotranspiration,
the removal of deep-rooting trees meant that the soil surface was
no longer enriched by nutrients brought up from the deeper
layers of the soil, while increased leaching of the surface layers
meant impoverishment of their nutrient status. In both physical
and chemical terms, therefore, the soil deteriorated, and might
become incapable of supporting forest growth, or at least growth
of the kind typical of the original forest. Such changes are not
confined to cool, maritime areas. In the Mediterranean zone, for
example, a comparison of soils under cultivation and under oak
forest in the south of Spain has shown that removal of the forests
has resulted in a decrease in organic matter, in cation exchange
capacity, and in available water. Deforested soils have undergone
physical and biological degradation, as well as water erosion..
While such deterioration has undoubtedly occurred in some
parts of countries such as Scotland and Ireland as well as in the
Mediterranean world, the soils of most of the long-cleared forests
of the temperate zone have been transformed by cultivation, drain-
age, and enrichment by fertilisers as they have been converted to
agricultural use. In the tropics, however, the effects of forest clearance
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may be more dramatic and more serious. In some instances hard
crusts of laterite may form on the soil surface, following the trans-
formation of the micro-climate and drying out of the soil. Crusts
of indurated material of around 2 metres in thickness are reported
to have developed in areas such as the Cameroons in less than a
century. These crusts are by no means inevitable consequences of
forest clearance in the tropics, and their frequency of occurrence has
perhaps sometimes been exaggerated. Nevertheless, serious deterio-
ration of the soil is a widespread consequence of forest removal.

In addition to the transforming of the micro-climate, clearance
of the tropical forest disrupts nutrient cycling. A characteristic of
the tropical rainforest is the fact that the biomass contains a very
high proportion of the total nutrient content of the ecosystem.
With the removal of the forest, much of the nutrient content will
be lost. Despite the luxuriance of the forest, the nutrient status of
the soil may be modest, and down through the years numerous
forests have been cleared in the hope that their apparently fertile
soils could be equally productive under agriculture or plantation
crops. Initially the nutrients contained in the ashes of the burned
biomass may help to maintain the illusion, but all too often a
marked deterioration in productivity has set in within a very few
years. The ‘export’ of nutrients in products such as timber or beef
may simply accentuate the trend, and represents a major change
from the tight and closed nutrient cycles of the original forest. In
one example from Amazonia, it is reported that the carrying
capacity of pastures created on former forest land fell from 0.9-1
head per unit area to 0.3 head within six years. Such land is then
likely to be abandoned, and forest regeneration may begin. Where
abandonment has been almost immediate there is little depletion of
total nutrient stocks and a 25 per cent recovery of mature rainforest
biomass may occur within eight years. The regrowth forest, how-
ever, will not necessarily have the same species composition as the
original one.
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The nature and significance of these effects of forest clearance
depend on how the land is used after conversion as well as on the
original ecological characteristics. They may also depend on how
the clearance is achieved. In Amazonia, bulldozing, herbicide
applications and chronic fire disturbance may effectively prevent
forest recovery on about 10 per cent of the land cleared for pastures
and then abandoned.

Physical effects

A body of evidence is building up to show that large-scale
mechanised clearance is likely to have greater effects than small-
"scale clearance by ‘slash and burn’. Clearance by tractor in Africa
has been reported to result in a more than fivefold increase in
erosion compared with traditional manual methods. Some of the
physical characteristics are compared resulting from different modes
of clearance of virgin tropical forest. Soil bulk density, reflecting
soil compaction, is considerably higher where the forest has been
cleared mechanically, while infiltration rates are much lower,
indicating higher rates of run-off and higher probabilities of soil
erosion. At the same time, the protective canopy of the forest has
been removed, exposing the soil surface to the kinetic energy of
raindrops and hence to the initiation of soil erosion by impact
splash.

The removal of the forest may therefore have a double effect
in terms of soil erosion, and any modification of the forest canopy
can lead to altered rates of soil loss. Under primary rainforests,
sediment yields are usually very low not only because of canopy
protection, but also because of the protective litter layer and
dense root mat. If the forest is converted from its original form to
one of high tree cover with bare ground underneath, then bare soil
splash may increase by up to 6.6 times its value under the primary
forest. Thus while annual erosion rates under undisturbed natural
tropical forest are usually very low, they may increase drama-
tically under plantations. Different types of forests mean different
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rates of erosion, and some types may have little beneficial effect
in reducing erosion rates. For example, eucalypts are not effective
means of erosion control under dry conditions, since the ground
vegetation cover is suppressed by root competition. In plantations
of Eucalyptus globulus in Portugal, 66 per cent of the ground surface
was found to be exposed soil without vegetation or litter, compared
with percentages of 1.9 and 27.4 respectively in plantations of pine
(Pinus pinaster) and oak (Quercus suber).

Modification of forest vegetation, whether in the form of
complete removal and replacement by pastures or crops or of
conversion into plantations or managed forests, may therefore be
accompanied by changes in soil characteristics. Processes of forest
management, such us timber harvesting, may also have significant
effects. Adverse effects resulting from logging operations have
been reported from almost all types of exploited forests, from the
tropics to the sub-Arctic.

The effects of logging

Low-technology logging in the tropical forest, using human and
animal power combined with river transport, may have little lasting
environmental impact. In contrast, mechanised logging in the
tropical forest causes extensive baring and compaction of the soil,
even although only a few trees are extracted per hectare. The
extraction of only eleven trees per hectare in East Kalimantan, for
example, was found to leave around 30 per cent of the ground sur-
face bare and compacted, with a reduced rate of water infiltration
and hence an increased rate of run-off. In the same area, selective
logging at a rate of twenty trees per hectare resulted in the deve-
lopment of skid tracks over 30 per cent of the logged area. On
these tracks, water infiltration rates were found to be very much
lower than in undisturbed primary forest (0.63 centimetres/
minute compared with 4.62 centimetres/minute). In the tropical
forests of Ecuador, the haphazard development of skid trails,
combined with skidding during wet weather, was found to result
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in very high levels of ground disturbance, with up to 75 per cent
of the surface under trails.

The magnitudes of such effects depend to a large degree on
the way in which the operations are carried out. For example, the
avoidance of skidding during wet weather in the Ecuadorian
example is advocated as an effective means of reducing damage.
In the Queensland rain forest of northern Australia, a marked re-
duction in sediment yields occurred after a few simple conditions
were imposed on the loggers. These included a prohibition on
hauling through streams, and a requirement that the loggers
should construct and maintain drains along their roads. A major
problem, however, is that of communication between the concession-
holder, feller and skidder operator. General instructions from the
former may be modified in the course of transmission to the later,
and much unnecessary damage may be done by the skidder in
searching for the logs to extract. In short, the environmental conse-
quences of exposed soil and increased rates of erosion depend to
a large extent on the way in which management operations are
conducted, rather than on the type of use of the forest resource.

These effects of soil compaction and erosion are not confined
to the tropical zone, but have been reported from numerous types
of forests around the world. The complex physical consequences
following tree removal in temperate latitudes are the dimensions
of increases of sediment production related to forest operations in
one major forest area, the Pacific Northwest. Growing environ-
mental awareness during the late 1960s and 1970s led to greatly
increased attention to logging effects in this area in particular,
and has subsequently spread to some other parts of the world,
including countries such as New Zealand where forests in steep
country are being logged.

Extraction roads and stream crossings are especially susceptible
to high rates of sediment yield. In a Quebec broad-leaved forest,
for example, a two hundredfold rise in sediment ccncentrations
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was found following the skidding of logs across streams, while
the construction of extraction roads in an Idaho forest increased
sediment production by a factor of around 750 compared with
the ‘natural’ rate. It follows that the avoidance of stream skidding,
the maintenance of buffer strips along streams and the design of
roads can greatly reduce sediment yield in temperate forests as in
the tropics. For example a 24 per cent reduction in sediment yield
could have been achieved if conventional engineering methods
had been employed in the construction of roads in a Californian
forest. In the Pacific Northwest of the United States, which has
been one of the main settings for research on sediment yield
related to forest operations, a paved road surface was found to
yield less than 1 per cent of the amount of sediment yielded by a
heavily used road with a gravel surface. Intensity of use and road
design have a major influence on sediment yields. The problem is
one of implementation; methods of erosion control on forest
roads are well known but frequently are not employed.
Although the effects may be greatest on roads and skid trails,
they are not confined to such extraction routes but extend to some
degree over much of the harvested area. While erosion rates, in
the form of debris slides, were a hundred times higher on roads
and landings than in undisturbed areas in Oregon forests, they
were seven times higher in harvested areas. In New South Wales,
a hundredfold decrease of water infiltrability was found on roaded
areas, while a fivefold decrease was recorded on clear-felled areas.
The more modest changes in logged areas, compared with roads
and skid trails, are usually also more short-lived. In Oregon,
overall values of infiltration capacity and erodibility measured
three to six years after logging did not differ significantly from
those on unlogged areas. Similarly, differences in sediment yield
between harvested and control areas faded to insignificance by
the fourth year in a study in the Ouchita Mountains. On the other
hand extraction tracks on sandy soils under Pinus radiata forests



The Forest Resource and the Environment : 257

in Australia were found to be still compacted fifty years after use.
Therefore, while some physical effects of timber-harvesting
on the soil (for example surface erosion) may be short-lived, others
can be delayed or semi-permanent. The decay of roots after timber-
cutting may lead to slope failure after a number of years, and
slope stability may thus be adversely affected. In the case of Pinus
radiata forests in New Zealand, for example, the most susceptible
period ranges from about two years after harvesting, when the
root systems are in an advanced state of decay, to about seven or
eight years when the root systems of the replacement crop begin
to provide substantial reinforcement to the soil. The potential sig-
nificance of this effect is obviously greatest on steeplands, into which
forest exploitation may begin to move after the more accessible
and easily worked lowland forests have been fully utilised. Slope
failure in such situations may add to the problems of soil distur-
bance at the time of logging, and the net effect may be a sizeable
reduction in soil depth. In a comparative study in virgin beech-podo-
carp forest and logged forest in South Island. In New Zealand, it
was found that soil depths were 20 centimetres or less in 33 per
cent of observations in the former, but in 56 per cent in the later.
Sediment yield from timber-harvesting depends on the tech-
niques used as well as on the nature of the site. The method of
logging is of primary importance. Soil disturbance, which in turn
is correlated with sediment yield, is directly related to logging
method, with ground-skidding systems usually giving rise to
much higher percentage rates of ground disturbance than cable-
based systems. In British Columbia, the extent of disturbance from
the former was found in one study to be 4045 per cent, compared
with 22-30 per cent from the later. In the Pacific Northwest, it was
found that with the use of tractors for extraction, 35 per cent of
the ground surface was bare soil, while the figure fell to 12 per cent
when cable extraction was employed. Average values for percentage
soil disturbance reported by Megahan and King (1985) for the
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United States and Canada range from 35 per cent for tractor
systems to 23 per cent for ground cable systems, and to 9 and 5
per cent respectively for skyline and aerial (balloon/helicopter)
systems. Unit erosion rates may be as much as 3.7 times greater
from tractor-logging than from cable-logging systems.

Different types of ground extraction machine, as well as
different numbers of loaded passes, have been found to give rise
to different severities of damage. Even apparently minor details of
the extraction method can have an influence on the extent of
disturbance. Power requirements are much higher for whole-tree
skidding than for the skidding of tree lengths, and also vary de-
pending on whether the logs are skidded butt-end or small-end
first.

Logging has various effects on the soil, including ‘scalping’of
the soil surface and shallow roots, the formation of ruts, and beating
and compaction. Its consequences, and hence its significance, may
be manifested in various ways both in the locality in which it is
undertaken and sometimes also downstream. The consequence
of greatest direct concern to the forest manager is a reduction in
tree growth rates. Both accelerated erosion and soil compaction
lead to reduced growth rates. The height growth of Douglas fir
on landslide scars in Oregon was found to be reduced by 62 per
cent compared with that on similar sites, and in addition subs-
tantial proportions of the scars were incapable of supporting tree
growth because of instability or impenetrability of the surface.
Stand volumes of the same species thirty-two years after tractor
logging were found to average 34.1 cubic metres/hectare on skid
roads compared with 128.9 cubic metres/hectare on undisturbed
areas, and the corresponding densities were 693 and 1,180 stems
per hectare respectively. Growth of Ponderosa pine on compacted
soils along skid trails was found to be reduced by 6 per cent on
moderately impacted areas and by 12 per cent where the impaction
was heavy. More generally, Greacen and Sands (1980) conclude
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that compaction by harvesting machines may reduce current and
future growth of trees, but that it is difficult to predict the extent
of such reduction because of the complex interactions involved.

In addition to possible reductions in tree growth and timber
production, disturbance from logging may have other adverse
effects. If the forest has a primarily protective function, any increase
in sediment yield resulting from logging, forest conversion or other
operations may be undesirable, and the functions of production
and protection may be difficult to combine. Furthermore, increased
sediment yield means increased turbidity of forest streams, and
in addition to potential problems of downstream river pollution
there may be effects on fisheries or marine life. Such effects have
been reported from New Zealand, and contamination of coastal
fishing grounds as a result of logging-induced erosion is alleged
to be a serious problem for the Philippines and many other tropical
countries. Coarse sediment may also be delivered to stream channels
and remain there semi-permanently, giving persistently poor
aquatic habitats. Again, however, the magnitude of the effect of
sedimentation following logging can be greatly reduced by pre-
cautions such as the maintenance of buffer strips along the streams.
For example, in New Zealand it was found that suspended sedi-
ment concentrations were respectively 8,188 and 27 milligrams/
litre in a control area, in an area logged with no protection, and in
an area logged with riparian protection.

These off-site effects may focus attention on forest operations
and in some instances lead to controls being imposed. In the
United States, for example, federal water-pollution legislation is
concerned with non-point sources of pollution (such as forest and
farm land) as well as with point sources. In addition, some states
such as California have introduced forest-practice acts. In the
case of California, a forest owner wishing to harvest timber must
first lodge a timber-harvest plan prepared by a registered pro-
fessional forester. Logging must he carried out in accordance with
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regulations and standards established by the State Forestry Board,
and violations are subject to criminal penalties.

Both practical and theoretical problems, however, are en-
countered in attempting to achieve regulation and control. In
addition to problems of policing, there are more basic difficulties
of design of regulatory frameworks. One problem is the nature of
cumulative effects in a catchment; harvesting practices on individual
sites may give rise to only limited effects off-site, but cumulatively
the effects could be more serious. The duration of effects is also
problematic. Short-term impacts (such as surface erosion) may be
mitigated by dispersing timber harvest in space and time, but
long-term effects are less easily alleviated by such approaches.

Although most research work on the effects of forest use and
management on soil erosion and compaction has been concentrated
in only a few parts of the world (such as the Pacific Northwest of
the United States and to a lesser extent in New Zealand), there is
convincing evidence that significant effects can arise both on-site
and off-site. While it may be asserted that forestland can be
managed so that there is little or no increase in soil erosion, it is clear
that increases have occurred in numerous management regimes
around the world. Some situations are more susceptible than others,
depending on factors such as slope and climate, while manage-
ment practices vary greatly in their damage potential. On-site
effects may be of direct concern to the forest user, if reductions in
tree growth rates result. Off-site effects are attracting increasing
attention from the wider public and their representatives in central
and local governments, resulting in at least some areas in the im-
position of controls and regulatory frameworks relating to logging
and other management practices.

While timber-harvesting has been the focus of concern about
forest use and its effects on the soil, it should perhaps be borne in
mind that other uses may also have similar effects. Recreational use
may, through compaction resulting from trampling along trails
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and around campsites, also cause reductions in tree growth rates:
For example growth reductions of 20-40 per cent are reported
from around campsites in 60-110-year-old Scots pine stands in
southern Finland. Finally, it should perhaps also be borne in mind
that alternative land uses such as agriculture may have erosion
rates as high or higher than those characteristic of the forest. Typical
sediment yields of around 0.25 tons per acre per year from mini-
mally disturbed forest land in the eastern and western parts of
the United States (excluding the Pacific Northwest) are contrasted
with yields of 2-5 tons that are considered tolerable for agricultural
land. The natural forest usually has very low sediment yields. These
are likely to increase overall on conversion to managed forest, and
to increase dramatically on conversion to agricultural land and
following harvesting. The magnitude of the increase, however,
can to a large degree be controlled by the means of conversion
and the technique of harvesting.

Forestry and nutrient budgets

Forestry practices may have important chemical effects on the
soil as well as physical effects such as accelerated production of
sediment. In particular the extraction of plant nutrients in timber
harvest has been suspected of impoverishing the soil under some
management regimes, and hence of leading to declining growth
rates in subsequent rotations. By its very nature, this long-term
process is less obvious than accelerated sediment yield, and is
characterised by a greater degreé of uncertainty. This uncertainty
stems partly from conflicting results from studies that have been
undertaken, and partly from the relatively sparse research effort
that has been devoted to the subject.

In Australia, second-rotation planted stands of Pinus radiata
have been found to have lower productivities than first-rotation
crops on the same sites. Declines in productivity in second and
subsequent rotations have been tentatively linked to losses of soil
organic matter and of certain nutrients such as phosphorous.
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Declines in productivity in teak have also been observed in India
after the first rotation, and teak productivity is also likely to
decline in Venezuela, especially on highly productive sites. On
the other hand, no evidence of any decline in site productivity has
been found after several rotations of pine, eucalyptus and wattle
monocultures in South Africa, while both better and poorer rates
of growth have been reported from some forests, for example in
Swaziland. A second-rotation declire in productivity in eucalyptus
plantations has been reported from India, and conflicting reports
exist from Portugal. One account suggests that the third successive
coppice of Eucalyptus globulus yielded only 80 per cent as much wood
as the second, while another states that a decline of this type has
not been observed. Nevertheless, the upper mineral soil horizons
under E. globulus plantations show a clear depletion of calcium at the
end of each rotation, and the soils show an increase in compaction
and decrease in aggregate stability compared with those under
native vegetation. The cropping of eucalyptus on short rotations
has been found to lead to rapid depletion of nutrients in the soil,
and other species grown in similar regimes will probably have a
similar effect. In Britain a parliamentary inquiry concluded that
the effects of plantation forestry in respect of nutrient reserves
were uncertain.

In managed and man-made forests, nutrient cycles are usually
much more open than those in natural forests where the uptake
of nutrients in the biomass is largely compensated by the release
of nutrients on decomposition. In forests from which timber is
produced, the ‘leakage’ of nutrients in timber and sometimes from
the burning of slash is much greater. The significance of this leakage
depends partly on the frequency with which it occurs. With logging
at intervals of 70-120 years, the clear felling of New England hard-
woods, for example, is not likely to have a significant adverse effect
on site-nutrient capital. The short rotations typical of tropical plan-
tations may give rise to problems of nutrient reserves under some
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conditions. Also with shortened rotations geared to ‘biomass’ or
‘wood energy’ plantations, the risks of nutrient depletion increase,
and deficiencies may appear after repeated harvests. Short rotations
mean not only frequent removal of nutrients in biomass, but also
the loss of nutrients as a result of accelerated erosion during the
harvesting-replanting part of the cycle. Nutrient loss through soil
disturbance on harvesting may be a greater problem than nutrient
depletion per se. It is also concluded that the displacement of
nutrients by the piling of logging slash and the disturbing of topsoil
can result in a substantial decline of Pinus radiata plantations in
New Zealand, in addition to any effect arising from nutrient export
in harvested material.

Whole-tree harvesting also increases the magnitude and signi-
ficance of nutrient loss, and raises the spectre of soil impoverishment
on many forest sites. Nutrient exports may be increased by a
factor of two or more. Whole-tree harvesting usually removes one
and a half to four times more nutrients than bole-only harvesting.
Work on nutrient budgets in Nova Scotian forests, for example,
suggests that one or several whole-tree harvests of hardwood stands
on rotations of around fifty years would be unlikely to result in
important depletions of site nutrient capital overall, but calcium
removals would be a cause of concern as they would amount to a
large percentage of total site capital. And some problems of nutrient
availability have been encountered even in less intensive manage-
ment regimes, involving manipulation of the forest from its natural
form to even-aged stands of one or more preferred species, rather
than clearance followed by replanting. One case where problems of
unavailability or inadequate cycling of nutrients has been experi-
enced is in jarrah (Eucalyptus marginata) forests in Western Australia.
The mode of management appears to have an important bearing
or: the nature of effects on soil chemistry; soil acidity has been found
to decrease following clear felling on northern coniferous soils, but
the removal of slash was associated with decreased pH values
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compared with sites where slash was not removed. In more general
terms, various techniques may mitigate the adverse effects of short-
rotation energy forests. For example, practices such as fertilization,
dormant-season harvesting, cable logging, harvesting on frozen
ground or snowpack, and buffering stream channels are advocated.
Increasing concern about the sustainability of modern resource
processes, combined with changes in forestry practice involving
shortened rotations and whole-tree harvesting, has led to heightened
concern about nutrient budgets. While nutrients lost through soil
erosion or biomass extraction can be replaced by artificial fertilisers,
this practice may be undesirable on economic or environmental
grounds. Fertiliser application may not be financially viable, and
even where it is there may be objections because of its ecological
effects, especially on aquatic ecosystems. Usually less than half of
applied fertiliser is utilised by trees. Some may be washed or leached
into the drainage water, especially when applied to ploughed
surfaces at the time of planting. and hence lead to nutrient
enrichment downstream.
Ecological effects
The use and management of the forest resource have a variety of
ecological effects in addition to physical effects. These extend from
changes in the species composition of the forest to less direct effects
on wildlife, and occur in a range of intensities varying from a
complete loss of habitat (when the forest is removed or destroyed)
to minor disturbance. In general terms, the removal of forest cover
is likely to result in a loss of species of plants, animals and inverte-
brates, and similar effects may result where forest management is
directed solely or primarily at timber production. Much of the
popular concern about the nature of forest resource use stems from
these ecological effects, and especially from the consequences for
wildlife in general and for bird life in particular.
Forest management and wildlife
In temperate latitudes the effects result mainly from the
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intensification of management and the drive for increased wood
production, rather than from the complete destruction of the
forest habitat. Most of the forests are managed primarily for
timber production, and to that end the species composition has
been altered and habitats modified by drainage or by treatments
with fertilisers or chemicals. Such management has had significant
effects on the forest ecology. In southern Sweden, for example,
the managed forests consisting mainly of spruce and pine con-
trast with the mixed natural forest of deciduous and coniferous
species. Comparing natural and managed areas of similar age,
Nilsson (1979) found that bird densities were three times higher
in the natural forests, and that the number of species represented
was also much higher than in the managed forests. Bird densities
in young spruce plantations were only one-ninth of those in the
natural forest. The width of this ratio is probably at least partly a
function of the age of the plantation as well as of its design. In
France, Blondel (1976) found that most of the woodland bird
communities around Mont Veloux were as rich and well balanced
in the man-made forests as in the natural ones, but confirmed
that the diversity of the forest structure and its richness in bird
life were directly related.

The intensification of forest management in Sweden has
included not just alterations in the structure of natural forests, but
also the use of drainage, fertilisers and exotic tree species. Many
species have been threatened by this drive for increased timber
production. It is believed that forty species of vertebrates are now
seriously endangered, while fifty species of fungi, lichens and
flowering plants are on the verge of extinction and a further 220
are in some danger.

The expansion of plantations of exotic tree species in countries
such as Australia and New Zealand, and in particular the replace-
ment of native forests by exotic plantations, has also generated
much controversy. Although the coniferous plantations in Australia
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are not the ‘wildlife deserts’ alleged by some opponents, they
lack some of the species of plants, birds and mammals found in
native forests, and their proportion of introduced species tends to
be higher. On the other hand, exotic afforestation on degraded
grasslands and other habitats may lead to an increase in species
diversity. Similarly, short-rotation energy forestry involving, for
example, willow coppice, can lead to an increase in habitat diversity
in regions dominated by coniferous forests or in intensive agri-
cultural areas. The nature of the ecological effect will be determined
by the management system, and especially by factors such as
rotation length and the use of herbicides.

The design and structure of the forest are important variables,
with species numbers and population densities varying not only
with age of stand but also with location in relation to native
forest. Declining wood production from forests in the European
Community in recent years may mean that they become of
increasing ecological significance, as most mixed and deciduous
forests become ecologically richer as they age. Richness and density
tend to be highest alongside native forests, and in inliers of native
forest. In New Zealand, long-rotation pine forests are claimed to
provide useful habitats for some but not all native animals, and
again faunal diversity has been found to increase with age.
Nevertheless, it rarely if ever becomes as high as in unmodified
native forests on similar sites.

Tropical deforestation and extinctions

Similar trends to those in temperate latitude are now in evidence
in much of the tropical zone, and in addition there is widespread
loss of forest habitat as the tropical forest area shrinks. The nature
and magnitude of the resulting ecological effects depends on the
initial forest environment, the way in which it is used and managed,
and the purposes for which it is cleared.

In Kenya, for example, the clearance of indigenous forests
to make way for plantations of exotic conifers has severely
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impoverished the native bird fauna in terms of both species and
densities. On the other hand, the new pine plantations may
extend the wintering range for some Palearctic migrant species of
birds. The clearance of the native forest for purposes other than
plantations is likely to have a similar or greater effect on bird and
animal species. In Puerto Rico this clearance has proceeded further
than in most low-latitude areas. During the development of human
settlement from the early sixteenth century, the island was deforested
at an increasing rate, until less than 1 per cent remained by 1900
(although a further 9% consisted of coffee plantations shaded by
trees remaining from the native forest). At the same time as
deforestation was proceeding, the island’s inhabitants selectively
persecuted some of the larger bird species. The avian extinction
rate resulting from these factors was at least 11.6 per cent; de-
forestation was an important ultimate factor behind this loss of
species, although humans were the proximate cause.

The possibility of a similar or greater extinction, on the scale
of the tropical world as a whole rather than that of a small island,
lies behind much of the current concern about the fate of the
tropical moist forest. The ecological richness of these forests is
well known; they contain 40 to 50 per cent of all species but occupy
only 7 per cent of the land surface. It is asserted that one or more
species become extinct every day as a result of the clearance, con-
version, or disturbance of tropical forests. In the projection prepared
for the Global 2000 report, Dr Thomas Lovejoy of the World Wild-
life Fund (as it then was) estimated that between 15 and 20 per
cent of species would become extinct as a result of deforestation
by the end of the century. Assuming that the tropical rain forest
is being cleared at a rate of 1 per cent per year, it is estimated that
0.2-0.3 per cent of all species in the forest are lost each year. On
the basis of a further estimate that the forests contain a total of
around 2 million species, it is also concluded that this rate corres-
ponds to a loss in absolute terms of 4,000-6,000 species per year.
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During the last quarter of the century, an ‘extinction spasm’ accoun-
ting for one million species will be witnessed. This is roughly
equivalent to one species per day.

Both the reliability of such estimates and their potential
significance are difficult to evaluate. Much uncertainty surrounds
the total number of species world-wide, which may amount to
anything between 5 and 30 million. As yet fewer than 2 million have
been identified, although the identification rate for mammals,
birds, fishes and plants is far higher than that for invertebrates.
Confusion is sometimes engendered because some estimates of
numbers and percentages relate only to plants, birds and animals,
while others refer to all species. Some focus on deforestation alone,
whilst others include other forms of human impact. The confusion
and flimsiness of basis for the estimates have been attacked by
commentators. They regard them as little more than exaggerated
guesses, and also question their perception of the significance of
extinctions. Such perceived significance depends on value judge-
ments of the intrinsic worth of a species, as well as any material
benefits that may flow from it, and it is perhaps not surprising
that disagreement exists.

Some firmer evidence exists, however, for current rates of
extinction. On the basis of a recent study of extinctions of birds and
flowering plants in the neo-tropical moist forests, the continuation
of current trends would mean a loss of 12 per cent of the bird
species and 15 per cent of the plant species by 2,000. These rates
would correspond to losses of around 15,000 plant species and
100 bird species, but numerically would not be comparable to the
major mass extinctions of the geological past. If deforestation
were to continue unabated through the twenty-first century, until
the tropical forests of the New World were reduced to those
currently projected as parks and reserves, extinction rates would
reach 69 and 66 per cent respectively for birds and plants. Such
rates would be similar to those experienced in episodes of mass
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extinctions in the geological past.

Ecological effects of logging

While the prospects for such mass extinctions remain controversial,
evidence has begun to accumulate in recent years about some of
the immediate effects of the exploitation of the tropical forest,
although much remains unknown. In Peninsular Malaysia, for
example, the forest cover contracted from 84 per cent of the land
area in 1958 to 51 per cent in 1975. This was accompanied by re-
ductions of between 23 and 56 per cent in populations of six primate
species. The same authors concluded that selective logging did not
necessarily result in a very depauperate fauna, and indeed some
large mammals were found to be more common in logged-over
areas than in undisturbed forest. Much depends on the availability
of undisturbed refuges to which animals may move during logging,
and from which they can subsequently return. Many species with
large territories move away while logging is in progress and return
afterwards, but others do not adapt well to logged-over forests.
After logging, there is a major change in the species mix, and then a
gradual return. There is disagreement, however, about the rate of
this return and the degree to which the logged-over forest biota
can approach those of the virgin forest. On the basis of work in East
Kalimantan, it was concluded that logged forest could be successfully
recolonised providing that adjacent areas of undisturbed forest
remain to provide a population pool for recolonisation, and that
hunting levels are low. Species diversity was found to be similar
in undisturbed forest and in forest selectively logged three to five
years previously, although densities were lower in the later.
Selective logging may mean a drastic reduction in the overall
availability of food sources because of the high levels of damage.
The extraction of 3.3 per cent of the trees from a Malaysian forest,
for example, meant that a total of 50.9 per cent were destroyed. In
Amazonia, the monkey Chiropotes satanas was found to be eradi-
cated by the removal of two or three trees per ha, and resulting
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damage to 50-60 per cent of the stand. In Malaysia, the extraction '
of 11 trees per ha was found to cause damage to 40 per cent of the
residual trees, and to result in a decrease in both tree species and
densities.

Selective logging of this kind may have a significant effect on
the usefulness of the resource, as well as consequences for wild-
life. Its main impact is argued to be on economic value, rather than
in biological or ecological terms. Future timber-producing value is
reduced, even if the forest extent is not reduced.

In theory, selective logging on a rotational basis is an
environmentally benign form of utilisation. It creates gaps in the
canopy, akin to those resulting from natural disturbance, and
natural regeneration may be rapid. Furthermore, only the logs
are removed. These usually have low nutrient contents, and the
more nutrient-rich leaves are left behind. In practice, however,
the way in which selective logging is carried out can mean that
the resource deteriorates. Poorly controlled logging has meant that
some species that are useful sources of timber or ‘minor’ products
such as rattans, gum and latex have effectively disappeared over
large areas in the tropical uplands, and in regions such as the
Amazon. The same process that affected North American forests
in the nineteenth century is therefore in operation in many areas
of tropical forest today. In addition, the selectively logged forest
may become more prone to fire. While the undisturbed rain forest
is usually too wet to burn, logged-over areas may burn much
more readily. Human disturbance dramatically increases the risk
of fire. Combustible material in the form of tree debris is left on
the ground, and the forest floor becomes drier as the canopy is
opened out. In Amazonia, fires set to control weeds on degraded
pastures commonly spread onto logged forest, but not to undis-
turbed forest. Thus the effects of selective losing and of pasture-
burning interact to produce more detrimental effects than either
operation acting separately.
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While selective logging is closely associated with the tropical
forest today, it was carried out in huge areas of the temperate
forest in the past, especially in the nineteenth century. Even in
areas where the forest was not completely removed, the long-
term ecological effects may be considerable, and the net effect
may be a reduction in the usefulness of the forest as a resource
for timber and other products. Some of these effects in the Great
Lakes forest of Michigan have been recorded. Prior to settlement,
the Great.Lakes (pine) forest was conditioned to fire at intervals
of 130-260 years. Selective logging of white pine, and later of
hemlock and hardwoods transformed the forest. Waves of fires,
following logging in quick succession, upset the equilibrium of
the forest. The result was a poorly stocked forest of oak and aspen,
which had previously played a subordinate role in the pre-settle-
ment forest. A reduction in the frequency of fires after control
measures were imposed from the 1920s allowed the oak and aspen
to mature, and set the stage for a new pulp-oriented industrial
forest in the 1950s. More generally the very extensive removal or
modification of the Midwest forest has apparently resulted in few
tree species being eliminated completely, but the relative abundance
of the more common species has shifted significantly. A reduction
in species diversity or general ecological impoverishment is a fre-
quent result of the use of the forest. One recent example is reported
from southern China. Here the original broad-leaf evergreen forest
has been replaced by a secondary forest of pine, which is charac-
terised by a lower bio-diversity and density.

Ecological changes of this type can have significant ‘knock-
on’ effects. In the forests of eastern Canada, for example, until
recently only the best timber was taken, leaving impoverished
stands of less desirable species. Balsam fir, which readily colonises
disturbed sites, is often a major component of the modified forest.
With protection against fire provided by forest management,
stands develop to maturity and become susceptible to attack by
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outbreaks of bud-worm. Whilst in theory it would be possible to
harvest the most susceptible stands before or during an attack,
the resulting accelerated harvest rate is feasible only if the market
can absorb a sudden influx of timber. One alternative to this stra-
tegy is to use insecticide sprays as a control measure, and these may
in turn have their own ‘knock-on’ effects on the forestecology, as well
as giving rise to adverse popular perceptions of forest management.
In short, any modification of the forest ecosystem such as the
harvesting of the most valuable timber species may have far-
reaching and unforeseen effects, which may extend both to the
nature of the forest resource itself and to the wider environment.
The Environmental Effects of Afforestation

Although the forest is widely perceived as environmentally benign
and as a provider of protective services, paradoxically the creation
of forests is increasingly seen in some quarters as undesirable for
environmental reasons. This paradox may perhaps be partly
explained by a negative reaction to dramatic landscape change of
the kind represented by afforestation, and partly by the way in
which afforestation is carried out. The use of exotic species, such
as, for example, Sitka spruce in Britain, Radiata pine in New
Zealand and eucalypts in countries as diverse as Portugal and
India, attracts particular attention and opposition. Deeper-seated
reasons, however, also exist for the antipathy that exists in some
quarters to continuing afforestation in countries such as Britain,
Denmark and Ireland, and which to some extent matches the
opposition to the conversion of native forests to exotic plantations
in Australia and New Zealand. This antipathy is based on various
grounds, including social issues such as employment as well as
on environmental concerns. These concerns, however, are often
expressed vociferously and many of them have been shown by
recent research to have a factual basis.

Physical effects

Ground preparation, including ploughing and ditching, in advance
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of planting leads to major increases in sediment yield. In Scot-
land, the analysis of lake sediments has shown an increase in
sedimentation rates as a result of afforestation of some catchments.
Sediment loads in streams may increase by orders of magnitude,
and although this scale of effect is usually short-lived the effect
itself is long-lasting. In one study area in the north of England,
for example, suspended sediment concentrations were found to
stabilise at double the pre-planting level.

Increases in sediment loads may do damage to aquatic life
and to anglings, as well as posing problems of sedimentation in
reservoirs and creating difficulties in filtration systems in public
water supplies. Sediment loads can be greatly reduced by termi-
nating furrows and ditches back from stream courses, and codes
of practice have been introduced in Britain in order to achieve
this objective. Field supervision, however, does not always match
the quality of design of the operation (in this sphere any more than
in, for example, the logging of tropical forests). The combination
of this effect with the reduction in water yield which usually follows
afforestation may mean that the water industry will oppose affores-
tation schemes. The effects —and opposition—are likely to be the
greatest in small catchments undergoing complete or extensive
afforestation, but they may also extend to larger scales. For example
in the 906 square kilometre Tarawera catchment in central North
Island, New Zealand, 250 square kilometres were afforested bet-
ween 1964 and 1981, and the mean river flow was reduced by 13
per cent as a result.

Water chemistry may be affected as well as water quantity.
Streams draining afforested catchments in Scotland have been
found to be more acid than those in open moorland, and to have
lower fish stocks. This effect may be partly due to the direct effect
of the coniferous afforestation, and partly to the effect of the
coniferous trees in filtering dry acid deposits from the atmosphere.
These pollutants are then washed from the trees by subsequent
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rainfall, and the drainage system provided by the pre-planting
ditching means that the water runs off before it can be buffered
by the deeper and less acid horizons of the soil. Fertilisers may be
applied at the time of planting, and large proportions of the
applications, especially where falling on furrows and bare ground,
find their way into the streams during the first year, and losses
continue for up to three years. Phosphate concentrations, for example,
may he ten times higher than the original levels for several months
after treatment. In some instances this effect may be perceived as
beneficial in increasing stream productivity, but in other cases
leaching into ponds or lakes could have ecologically undesirable
effects, especially if nature conservation sites were affected. Again,
the method of application influences the strength of the effect. If
the fertiliser is applied before ploughing or to established crops,
less will be lost to the streams.

In addition to effects on water quantity and quality, affores-
tation may also result in acidification of the soil. Soil acidification
is associated with afforestation with conifers such as the exten-
sively used Sitka spruce in Britain, for example. In Canada, the
soils under coniferous plantations in abandoned farmland showed
a significant increase in acidity over a period of 46 years. Soii
acidification may be especially pronounced if an entire catchment
carries the same age of fast-growing stand. The rate of acidifi-
cation, which at first may be rapid, is likely to slow down later in
the rotation. On the other hand, some species such as birch may
reduce the acidity of heathland or moorland soils. And affores-
tation may induce physical changes such as reduced waterlogging
and improved aeration in wet soils.

Ecological effects

Ecological effects may also result, in addition to these physical ones.
Pre-afforestation vegetation is transformed as the forest canopy
develops, and the heavy shade cast in many plantations means
that vascular plants on the forest floor are largely eliminated. The
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extent of this elimination depends on the choice of species and
design of the forest. In the new habitat, bird life is also trans-
formed. Compared with open moorland, songbird densities are
found to be around three times greater in young plantations, and
four to six times higher in thinned plantations. But this increase
in numbers is accompanied by a change in species, with birds of
the open moorland being replaced by those of woodland. The
former may be much more rare than the later, and be perceived
to have a much higher conservation value. This issue lays at the
heart of a major conflict between forestry and nature conservation
interests over the afforestation of moorland in the far north of
Scotland during the 1980s, and in practical effect reduced the
area available for afforestation in that part of the country.

While the image of the forest may in a general sense be one
of beneficence, it does not follow that afforestation will be wel-
comed on environmental grounds in all situations. Environmental
interests are now seen as major obstacles to afforestation in Britain,
and indeed commercial afforestation using conifers is now to all
intents and purposes outlawed in England. The roots of opposition
perhaps lie more in the way in which afforestation has been
carried out and the types of forest that have been created than in
antipathy to afforestation per se. Small-scale broad-leaved plantings
are still welcomed in England. Many of the forests created in recent
decades have been designed primarily or exclusively as industrial
or production forests, with scant regard for either the provision of
other goods or services or for the environmental consequences of
the mode of afforestation. The reactions have been strong, and now
strongly influence the amount and type of afforestation that is
permitted and the way in which it is carried out. At present such
opposition is largely restricted to a small number of countries, it re-
mains to be seen whether it will become a major factor elsewhere
and whether it may yet have a significant influence in a possible
transition from contracting to expanding forests on the global scale.
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The environmental effects of afforestation in countries such
as Britain are usually perceived in terms of wildlife, landscape
and amenity, but the new forests may themselves be at risk from
biological hazards. Plantations of exotic species in particular can
suffer attack from pesis and pathogens, whilst native trees species
in neighbouring areas remain unscathed. In Scotland, for example,
plantations of Lodgepole pine have been affected by larvae of the
Pine Beauty moth, which pose few problems in Scots pine forests.
They have been treated by aerial application of a pesticide, which
in turn has given rise to concern about wider ecological effects
although no evidence of resulting bird mortality has been found.
Monterey (Radiata) pine has been attacked by pine needle blight
in settings as far apart as Chile, New Zealand and southern Africa.
In some instances spectacular outbreaks of pests have resulted as
local insects have adapted to exotic tree species. This process of
adaptation can take several decades, and it may still be under
way in parts of areas such as Africa and Latin America where
plantations of exotic softwoods have been established in recent
years. And unexpected consequences can result from the creation
of plantations. Dieback in an area of tropical rain forest in Uganda
has recently been reported from the vicinity of conifer plantations.
While the cause of the dieback remains unclear, ithas been suggested
that any one or several factors such as fungal pathogens, toxins
or hydrological effects may be involved.

Forest and Environment

Environmental interests now have a major influence on defores-
tation and on forest utilisation worldwide. The environmental
consequences of forest use are the focus of unprecedented interest
and concern. Whereas in the past the protection of the timber re-
source was usually the main motive for government intervention
in forest management, today it is equally likely to be environ-
mental protection. The forest is perceived not only as a source of
timber, but also as a valued environment in its own right. This
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perception is held more strongly in some parts of the world than
in others, but the emergence of environmental groups in countries
such as Brazil and Malaysia suggests that it is widening in spatial
terms as well as intensifying through time.

Much uncertainty still exists about the nature of physical and
ecological effects arising from the use or conversion of the forest;
myth and fact are not always clearly distinguished. Nevertheless,
environmental issues and interests affect the use of the global
forest resource as never before. Previous episodes of deforestation
and destructive utilisation, such as in medieval Europe and nine-
teenth century North America, failed to generate the volume of
environmental interest and concern now associated not only with
the tropical forests but also with more local forestry issues around
the world. The significance and effectiveness of this state of affairs
for forestry policy and management await evaluation.

Finally, the environmental effects of the use of the forest
resource need to be seen within the context of cyclical phases and
trends in the forest area. The effects of both deforestation and
reforestation or afforestation tend to be concentrated in certain areas,
rather than randomly distributed. For example, the environmental
effects of deforestation are concentrated in the tropical world today,
whereas in the nineteenth century they were mainly felt in higher
latitudes such as those of North America, parts of Scandinavia
and Russia, and in some of the more mountainous parts of western
and central Europe. In the French Alps, for example, episodes of
severe erosion occurred as a result of deforestation which in turn
resulted from rapidly increasing population. As population pressure
lessened and reforestation took place, this episode of erosion was
succeeded by one of greater stability. Cyclical patterns of forest
removal and replacement, therefore, are likely to be matched by
cyclical patterns of environmental effects extending over wide
areas.
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The Tropical Forest

The fate of the tropical forest is one of the major environmental
issues of the day. During the 1980s, it became a focus of attention
and concern on the global scale. For the first time in history,
trends in the extent and condition of the forest in one part of the
world have become a matter of popular concern in other parts. It
is sometimes assumed or implied that the trends currently affecting
it are unique in type, intensity and significance. The alternative
view is that the tropical forest is at the same phase of development
or destruction as that previously experienced on a more localised
scale in the eastern Mediterranean in antiquity, in western Europe
in the Dark Ages, and North America in the nineteenth century.
On the one hand, the conclusion is that a major environmental
disaster is taking place and that a “mega-extinction spasm’ is about
to happen; on the other, current trends in the tropical forest are
perceived in terms of sequential stages of contraction and stability
of forest area similar to those experienced in much of the temperate
zone in the past.
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How these trends are interpreted is less a matter of factual
data, although statistics are sometimes simultaneously incomplete,
confusing and unreliable, than of perception, which in turn depends
on viewpoint and assumptions. If it is assumed, for example, that
current trends of deforestation can reasonably be extrapolated
indefinitely into the future, the inevitable conclusion is that the
tropical forest will eventually disappear completely. On the other
hand, if it is assumed that current trends in forest area are tem-
porary and will soon give way to stability or expansion, the out-
look is one of optimism and perhaps of complacency. Unless the
mechanisms underlying the forest-area transition in the temperate
zone are accurately identified, the grounds for assuming that they
will automatically also operate in the tropics are flimsy. In any
case, even if a tropical forest-area transition does occur on the
temperate model, this in itself is no reason for complacency about
current tropical trends. The history of use of the forest resource in
Europe and North America is characterised by wastefulness and
mismanagement. Even if the temperate forest has stabilised or
expanded during the present century, many countries and regions
have suffered from treelessness, and much of value has been lost.
What happened relatively slowly and locally in the temperate
zone (but with increasing intensity and expanding scale) is now
occurring rapidly in the tropical zone. In short, while one view
may be of an unique and unprecedented catastrophe, involving
the irreplaceable loss of material and non-material values and -
irreversible environmental change, an alternative view is that
what is happening is merely the latest and largest chapter in a
long saga of destructive exploitation of the forest.

The Disappearing Tropical Forest?

As Chapter 4 suggests, much uncertainty surrounds both the
extent of the tropical forest and its rate of change. The debate
about the tropical forest has been beset by apparently conflicting
statistics, and there has been much confusion over definitions
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both of the forest itself and of deforestation. Statistical support
has been readily found by both optimists and pessimists; both
complacency and alarmism have been engendered. Some statistics
have been for deforestation and others for disturbance or modi-
fication; some have related only to rain forests or to the tropical
moist forest, while others have been for all tropical forests including
those in drier areas.

A few well-publicised estimates extrapolated from limited data
made a significant contribution to the emergence of the tropical
forests as a major environmental issue during the late 1970s. The
authors of these estimates usually qualified them carefully, but
unfortunately both the bases and qualifications were often over-
looked or ignored. For example, Sommer (1976) concluded, on the
basis of an analysis of data for thirteen countries that the tropical
moist forest area of 935 million hectares was contracting at an
annual rate of 11 million hectares. This was duly translated into
the more memorable figure of 20 hectares per minute. Subse-
quent figures in the Global 2000 study suggested a deforestation
rate of 18-20 million hectares per year, or nearly twice Sommer’s
estimate, and the Director-General of FAO stated in 1978 that
conversion of all forms accounted for 30 hectares per minute, but
did not explain the basis of this figure. Myers (1983b) considered
that it was “not unreasonable to suppose that the earth is losing
around 67C square kilometres of tropical moist forest per day, or
an area the size of Wales or Massachusetts each month.” On the
basis of some heroic assumptions, in the early 1980s he estimated
the annual rate of loss at around 245,000 square kilometres per
year, which would mean ‘in theory’ that the entire biome of 9.35
million square kilometres could be eliminated within thirty-eight
years. The rate is equivalent to 46 hectares per day.

Expressed in other ways, these rates of 10 and 40 hectares
per minute amount to around 0.5 and 2.2 per cent respectively of
the tropical moist forest, and assuming constant rates would mean
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that the biome would disappear between around 2020 and 2120.
A straight-line projection of figures gives a date of 2057 for the
final demise of the tropical rain forest. In a paper published in the
early phases of the recent emergence of the tropical rain forest as
an issue of international concern, Denevan (1973) contended that
“within one hundred years, probably less, the Amazon forest will
have ceased to exist.” The rather flimsy basis for such predictions
is illustrated by the fact that in the late 1970s, estimates of the
extent of deforestation in Brazilian Amazonia varied from 1.5 to
20 per cent, while as recently as 1988 they ranged from 8 to 12 per
cent.

Assertions about the demise of the tropical forest are of greater
value in helping to focus attention on the issue than as accurate
predictors. While their impact is indisputable, the careful distin-
ctions drawn between projections and predictions are not always
maintained, and stark and graphic illustrations of how serious the
issue can cause as much confusion as enlightenment. Confusion and
uncertainty are compounded by the vastly different estimates of the
relative extent of the tropical forest that had already disappeared
before the growth of concern over the last twenty years.

An awareness of the wide contrasts between these estimates
may give rise to a healthy scepticism and to an examination of
the procedures and assumptions on which they are based. In the
popular media, however, little attention is usually paid to the dis-
crepancies in the data or to their authors’ definitions, procedures
and reservations. The result is that deforestation rates of 20 or 40
hectares per minute become established in the popular conscious-
ness, and the perception grows of a tropical forest crisis.

The apparent conflict and confusion are exemplified by two
of the frequently quoted statistics for disturbance in the tropical
forests, dating to the early 1980s. The FAO/UNEP estimate of
disturbance in closed tropical forests at that time was 7.5 million
hectares, while that prepared for the (American) National Academy
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of Science seemed almost three times greater at 22.0 million hec-
tares. The former figure, however, referred to deforestation, while
the latter related to conversion, and included fallow areas within
the closed broad-leaved tropical forest. If these fallow areas were
excluded, then the deforested area shrinks to 7.5 million hectares.
Myers’ data, however, related to broad-leaved forests, while the
FAO/UNEP one included all tropical forests. When adjusted for
broad-leaved forests, the FAO/UNEP figure falls to 5.9 million
hectares, thus leaving a difference of 1.6 million hectares as com-
pared with the NAS study. Most of this difference arises from
different estimates in deforestation rates in just four Asian countries,
and while it is still substantial is of a different order from the
apparent conflict between the original figures of 7 and 22 million
hectares.

At first sight, the results emerging from two major studies
may seem to lead to the conclusion that the fate of the tropical
forest is less desperate than is perhaps first suggested by alleged
disappearance rates of 20 or 40 hectares per minute. Deforestation
rates of 6-7 million hectares per annum correspond to rates of 0.5-
0.6 per cent per year. Low as these rates may seem, they would
mean, in the unlikely event that they were to remain constant, that
the tropical forest would disappear within 150 years. Conflicting
estimates abound on how much of the tropical forest has already
disappeared. On the one hand Matthews (1983) indicated that
around 4 per cent of the tropical evergreen rain forest had been
removed, using a basis of mid-century data. On the other hand
Sommer (1976) contended that about 40 per cent of the tropical
muoist forest area had already gone. His conclusion, however, was
based on the extent of the area whose climate is capable of suppor-
ting tropical moist forest, and ignored factors of soil and topography
that may have reduced that theoretical area. Nevertheless, similar
figures of around 40 per cent have been widely quoted for the
area of tropical moist forest that has already been cleared or
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degraded. Perhaps as much as, 15 per cent of the extent disappeared
between the early 1960s and early 1980s, in comparison with around
25 per cent throughout the remainder of history. Irrespective of
the precise extent that has already disappeared, it is obvious that
the rate of contraction has accelerated greatly in recent times.

These deforestation rates of around 7.5 million hectares or 0.5-
0.6 per cent per year are for the tropical closed forest. In addition,
tropical open forest of around 735 million hectares has been shrin-
king at a rate of around 3.8 million hectares per year, or 0.5 per cent
per year. The tropical forest as a whole is therefore contracting at
a rate of over 11 million hectares per year. The ‘tropical forest’
issue is not just one of the tropical rain forests or moist forests: the
immediate consequences of the depletion of the dry tropical forest
resource, for example in terms of fuelwood, may be far more serious
from the viewpoint of local populations than the trends in the
closed moist forest.

Closer examination of the trends in the closed moist forest,
however, gives rise to more disturbing conclusions than might be
reached at first glance. In addition to outright deforestation, large
areas of forest have been modified by logging. The area of ‘virgin
productive’ forest disturbed by logging (4.4 million hectares) is
more than twice that deforested (2.0 million hectares). Around 1
per cent of the ‘virgin productive’ area is therefore affected either
by deforestation or logging each year (6.4 million hectares out of
674 million hectares). Extrapolation of this rate would mean that
all virgin forests suitable for production will either be deforested or
logged within a century. As it has been indicated earlier, logging
of the type carried out thus far has usually meant a modification
of the forest environment and a depletion of its resource value.
This kind of disturbance is likely to be most widespread initially
in the more accessible lowland forests, where species diversity is
usually greatest and hence the impact in terms of direct resource
depletion and species loss highest. Subsequently it extends into
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more remote and mountainous areas where resource values for
timber production and species conservation may be lower, and
potential impacts such a accelerated soil erosion higher.

Global average figures for rates of deforestation and distur-

bance conceal wide variations from place to place. Both the rates
themselves and their significance are highly differentiated; in
some parts of the tropics the forests have already disappeared; in
others they are likely to do so within the next ten or twenty years,
and in others again there is little immediate threat. It is set out a
rough classification of areas by conversion trends, and attempted
to depict both the extent of the surviving closed broad-leaved
forests in tropical areas and the ratio of these areas to recent rates
of deforestation. It should be emphasised that there is no logical
basis for expecting the ratios to act as reliable predictors of the
ultimate disappearance of the forest, but they may indicate the
area under the greatest threat at present. Two main conclusions
emerge. .
First, tropical moist forest is under greatest threat (in the sense
of complete deforestation) in insular and peninsular situations,
and large tracts of west Africa, Central America and south-east
Asia are likely to lose their native forests soon. Many of these areas
are accessible and densely populated, and the pressures of both
agricultural development and forest resource exploitation have
been irresistible. Some have fragile, mountainous environments.
In some cases, such as Madagascar, for example, the forests contain
large numbers of endemic species.

Second, the areas under little immediate threat are few in
number and are characterised by large tracts of forest and low
population densities. They include the Congo basin, part of the
western Amazon in Brazil, and a belt across the northern part of
South America, including French Guiana, Guyana and Surinam.
If it were to be assumed that recent deforestation rates would
remain constant, then the forests of French Guiana, Guyana and
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Surinam would last for thousands of years, while those of central
African countries such as Zaire and Gabon would last for several
centuries. While on the one hand the probable survival of large
tracts of forest in such areas is welcome, on the other hand the
loss of forest in numerous peninsular and insular areas, often
with distinctive or unique ecologies, can only be lamented.

It is most unlikely that the tropical forest in general or the
tropical moist forest in particular will disappear completely
within the next century, even if the driving forces behind recent
deforestation were to remain unchanged. As the forest contracts
to a few large, inaccessible areas such as central Africa and north-
east South America, deforestation rates will inevitably slow down.
It is therefore misleading to suggest or imply that the continuation
of recent deforestation rates would be elimination of the forest
by, for example, the middle of twenty-first century. At the same
time, however, the loss in resource value implied by a continuation
of recent rates of deforestation and disturbance could be enormous,
especially if this value is perceived primarily in terms of species
and genetic resources rather than timber. The disappearance of
the forest from many islands and peninsulas has resulted and
will continue to result in inestimable losses in this respect, even if
core areas of forest in continental interiors not only survive but
are also successfully protected from disturbance in the huge
parks and reserves that have been established in countries such
as Surinam and Zaire.

Can the Tropical Forest Be Saved?

There is widespread agreement that current rates of loss of the
tropical forest are undesirably high, even if there is disagreement
or uncertainty about the precise rates of loss. At the same time,
there is a widespread tendency amongst commentators on the
tropical forest issue to assume that the loss of the forest is an unique
phenomenon, and that the projection of recent rates of loss into the
future is a valid procedure. Conversely, a few commentators state
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or imply that the same type of forest transition (in terms of area
and/or management) that characterised the American forest in
the early twentieth century and the European forest much earlier
will also take place in the tropics. The prospects for the tropical
forest depend to a large degree on the causes of its destruction
and on the prospects for their amelioration. Different causes operate
at different scales, and proximate causes may tend to conceal
underlying pressures. One obvious example of a proximate cause
of deforestation is the construction of new roads in previously in-
accessible areas. The opening-up of forests in this way is not con-
fined to the developing world. Pressures on the rain forest in north
Queensland in Australia, for example, have greatly increased
following the completion of a new road and the sale of blocks of
land for retirement homes. On a grander scale the construction of
the BR-364 highway in Brazil, and the system of roads leading off
it, opened up the forest to colonists and gave rise to the striking
pattern of deforestation. The strong relationship between the
pattern of forest clearing and the transport network reported for
Costa Rica is probably typical of many other countries. Ease of
access has influenced the order in which forest areas have been
cleared, and is in turn related to slope. The result has been that
the extent of forest clearance is inversely related to slope angle.
The last areas to be cleared are those in inaccessible steeply sloping
country. While the protective function of forests in mountainous
country may be invaluable, species diversity is often lower in such
areas than in the earlier-cleared lowlands and hence the value for
nature conservation may be limited.

However close the relationship between accessibility and
forest clearance may be, roads are only the symptom of more
basic factors. They merely give physical expression to some of the
underlying structural causes such as demographic and political
factors. They are a proximate rather than fundamental cause of
deforestation. The condusive results in relation to Thailand is
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probably of general applicability. It is concluded that defores-
tation could not be explained by any single, isolated factor. As
well as being perceived negatively as backward and inimical to
development, the forest had suffered as part of the broader deve-
lopment of the national economy and polity over the nineteenth
century. Two processes were of overriding importance: the expan-
sion of the agricultural economy, and the political process of state
formation, manifested in the linking of the national periphery to
the centre, and the resulting increase in accessibility. If the spatial
expansion of the world economy is substituted for state formation,
then global deforestation can be seen to have similar driving-
forces.

At the global level, a close statistical relationship appears to
exist between rates of population growth and of deforestation.
This relationship applies both cross-sectionally on the global scale
at the present day, and historically or longitudinally within indi-
vidual countries. An example of the inverse relationship between
trends in population and forest cover can be of Sri Lanka. Globally
and nationally, high rates of deforestation seem to be correlated
with rapid population growth, perhaps implying that rates of
deforestation will slow down when rates of population growth also
do so. An expectation that forest areas will stabilise with population,
however, will be valid only if the causes and dynamics of de-
forestation are correctly identified.

In general terms there is widespread agreement that popu-
lation pressure and deforestation are closely related, and that
forests shrink as a result of the need to bring more land into
cultivation in order to feed the ever-growing number of mouths.
Quantitatively, land clearance for subsistence agriculture is usually
regarded as much more significant than clearance for commercial
farming or disturbance through logging. For example, 0.6 per cent
of the tropical forest is cleared annually for subsistence agri-
culture, while 0.2 per cent is disturbed by logging; in Africa, it is
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estimated that 70 per cent of the forest destruction results from
shifting cultivation. The implication is that the key to the safe-
guarding of the tropical forest lies in the fields of population and
agriculture, rather than in forestry policies or in silvicultural tech-
nology. This conclusion is reinforced by the fact that small-scale
cultivators occupy more than one-fifth of all tropical moist forests,
including large tracts of primary forest. With growing populations,
greater disturbance of primary forests, shorter fallow periods in
secondary forests, and more rapid and complete clearance of
surviving areas of forest, are to be expected. At least 10 million
hectares of forest are eliminated annually in this way, mostly in
south-east Asia.

To ‘blame’ the destruction of the tropical forest on population
pressure is, however, illogical, even if a close statistical relation-
ship between forest clearance and population growth can be esta-
blished. At one level, some densely populated areas have success-
fully retained relatively high levels of tree (if not forest) cover. In
Java, for example, agro forestry systems have evolved over a long
period, and population growth has not been accompanied by a
complete removal tree cover as might be implied by the converging
curves of population and forest area. At a more general level, the
relationship between population and forest area needs to be viewed
within the context of the prevailing social and political structures.
In particular, questions need to be posed about the underlying
reasons for forest colonisation by small-scale farmers. Is this process
driven solely by population pressure, or is it an inevitable function
of social and political structures? In some parts of the tropical
world both informal, unplanned clearance and formal, planned
forest colonisation projects may be alternatives to, or substitutes
for, land reform. Instead of carrying out major programmes of sub-
division of the extensive estates of powerful landowners, govern-
ments may prefer to encourage or permit colonisation of the forest.
In Panama, for example, a small number of wealthy farmers
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control the best farmland in the low-lands. As population grows
and the land shortage becomes increasingly acute, peasant farmers
(campesinos) face the alternatives of migrating to the cities or colo-
nising the upland forests. The ensuing deforestation is likely to
continue unless or until other land is made available through land
reform. It is not surprising, therefore, that land reform has been
identified by observers as the first priority if the complete des-
truction of the Amazonian forest is to be averted.

Furthermore, small-scale cultivators are often displaced from
their land by the advent of large-scale commercial agriculture, often
directed to export markets. The problem is therefore one of shifted,
rather than shifting cultivators. Cycles of displacement develop,
with small cultivators clearing land which is subsequently appro-
priated by commercial interests. All too frequently, the later have
the active or tacit support of the political and legal establishment:
the outworking of this structural bias and absence of natural justice
is the progressive clearance of forest. Meanwhile, behind the forest
frontier the land is given over to large-scale commercial production,
rather than to satisfying the basic needs of small cultivators. In
the words of Westoby.

The main instruments of forest destruction are the disinherited of
tropical forested countries: peasant farmers, shifting cultivators, rural
landless. But these are the agents, not the causes. . . . This pressure
will inevitably continue, until there is a more equal access to land
and other resources. This is not a sufficient condition for saving the
tropical forests, but it is a necessary one.

Social and political structures, and the mode of ‘development’
pursued in many developing countries, are therefore the driving-
force behind deforestation, rather than population pressure per se.

Even if population growth is held to be the main driving-
force of forest destruction, it does not necessarily follow that
population control is the only solution. If agriculture could be
intensified sufficiently, so that more mouths could be fed from
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the existing area of farmland, then much of the pressure on the
forest could be removed. Indeed it has been argued by observers
that the tropical forest can be preserved only in so far as a veritable
agricultural revolution, within the reach of small farmers, takes
place. Pressure on the forest would then be relieved, as has happened
in most rich and temperate-zone countries.

To isolate population pressure and the growth of numbers of
subsistence cultivators as the major cause of deforestation is, there-
fore, to simplify a complex scene. The causes of deforestation are
in many countries as much political as demographic. Further-
more, the various causes of deforestation do not work in mutual
isolation from each other, but rather than in combination. In
particular, logging and agricultural colonisation are often directly
linked. The initial opening-up of the forest for logging, and the
accompanying construction of roads, allows the penetration of
cultivators into previously inaccessible areas (as well as causing
direct and indirect forms of impact on the forest environment, as
outlined in Chapter 7). In the Ivory Coast, one hectare of forest
has been found to disappear at the hands of the follow on cultivator
for every 5 cubic metres removed by the timber exploiter. Extra-
polating from this limited base, it is calculated that tropical log
production of around 150 million cubic metres would mean that
30 million hectares would be affected annually. This figure as
stated to be too high, because of differential impact in different parts
of the world, but at the same time it is considered the conservative
figure of 10 million hectares could be ‘decidedly too low’. The
observer therefore settles for an intermediate figure of 20 million
hectares per year, which would mean that 1 per cent of the tropical
moist forest would be accounted for by subsistence agriculture each
year. This figure represents around 80 per cent of his estimated
total conversion rate of 24.5 million hectares per year, the balance
being made up, on the basis of rather sweeping assumptions, of
further areas of 2.5 million hectares as a result of fuelwood gathering
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and 2.0 million from clearance for ranching. There is thus a
difference amounting almost to an order of magnitude between
the scales of significance of the causes of tropical deforestation. The
conclusion that the tropical-forest problem is a problem of agri-
culture rather than forestry is thus, in turn strengthened. If the
needs of the subsistence cultivators could otherwise be provided,
the pressure on the forest would thus be greatly reduced.

It does not follow, however, that forestry and the use of the
timber resources of the tropical forest are irrelevant or unimportant.
The role of logging as the precursor of clearance for subsistence
agriculture has already been mentioned, and there are numerous
examples of destructive exploitation that has either exhausted or
degraded the resource. One recent case concerns the tree species
Ceiba pentandra around Iquitos in the Peruvian Amazon. A plywood
industry based on this species developed in the early 1970s. By
1983 uncontrolled exploitation had led to a total depletion of the
resource base and to the collapse of the industry. The cycles evident
in forest exploitation in parts of the United States one hundred
years ago, and in many other parts of the world at various times
in the past, are still evident in parts of the tropical forest today.

There is also the question of the adequacy of the tropical forest
as a timber resource, in the face of growing demand for tropical
timber. Part of this growth in demand is from export markets, and
measures that could be adopted in these developed-world markets
could help to curb further growth and pressure in this respect.
But demand for wood and wood products is also growing rapidly
in the developing world, and hence direct pressures on the forest
can only increase. Indeed there is doubt as to whether the tropical
forest can satisfy this demand.

If it is assumed that a sustained yield of 3 cubic metres per
hectare per year can be achieved from tropical rain forests, an
aggregate demand of 1,500 cubic metres by around 1990 would
mean that 5 million square kilometres of forest would be required,
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or over half of the surviving area. By 2000 almost the entire area
would be required. In short, the tropical forest in its natural form
could not satisfy projected requirements, even if managed on a
sustained-yield basis.

This conclusion further highlights the potential significance
of plantations in meeting timber demand, and at the same time
casts serious doubt on the ability of sustained-yield management
to solve or ameliorate tropical-forest problems. And irrespective
of this ability, the sustained-yield management of the tropical
forest is itself associated with serious problems.

Sustained-yield Management

The management of the tropical forest as a flow resource, on a
sustained-yield basis, is often advocated as a preferable alternative
to its ‘mining’ through destructive exploitation. Serious problems,
however, confront the application cf sustained-yield management.
These problems include both technical difficulties and those of a
social and political nature. And even if they can be overcome,
serious doubts remain as to the extent to which such management
can solve the current problems of the tropical forest resource. These
doubts apply both to the priorities to be afforded to regeneration
and silviculture, as compared with other measures, and to the
relative merits of ‘natural’ management and the establishment of
plantations. One view is that regeneration and silviculture should
take lower priorities than surveillance and protection of the forest.
For example one observer suggests that ‘silviculture can be a way
for tropical foresters to bury their heads in the sand while the
forest melts away around them.’

At one level, the potential ability of ‘naturally’ managed
tropical forests to meet current and future demands for wood is
limited. As Chapter 2 indicates, the total biomass and productivity
of the tropical moist forest ecosystem are high, but those of
commercially useful wood species are more modest. Stem growth,
which provides potentially useful timber, receives a small fraction
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of the gross productivity. And as much as 65 per cent of the total
standing crop of woody species in a tropical high forest may con-
sist of lower and middle storey species, which are not normally
perceived as useful. There is much confusion between total primary
productivity and wood production, and indeed wood production
in natural tropical forests is not necessarily higher than that in
natural temperate forests. The luxuriance of the tropical moist forest
is not fully matched by luxuriance of timber growth. In addition to
this fundamental characteristic of the resource ecology, there are
both technical and non-technical problems that combine to limit
the potential of sustained-yield management of the tropical forest.
Attempts have been made for more than a hundred years to practise
such management in parts of the tropics, and especially in south-
east Asia. Success has generally been greater in the Dipterocarp
forests of south-east Asia than in other parts of the biome, but
even here it has been limited. The great diversity of tree species,
only some of which are or ever will be merchantable, has been a
major stumbling-block. Where natural regeneration does take Iilace,
it may create a forest which differs from the original one and
which is of lower economic value. The nub of the probiem is that in
a forest where only 4-10 per cent of the tree species are commercial,
the probability that a harvested tree will be replaced by another
commercial tree species is also about 4-10 per cent. Even if only a
very small number of trees are removed (for example two per
hectare), they may represent 50 per cent of the population of that
species. The great danger, therefore, is that the resource simply
deteriorates in quality and value.

After the Second World War, the tropical forests began to be
increasingly viewed as a source of timber for the developed
countries. During the 1950s the development of suitable manage-
ment techniques was a primary concern. This concern was mani-
fested in the application of management techniques in some
countries, even before the main phase of forest development during
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the 1960s and 1970s. In general terms, however, experience with
systems of sustained-yield management was disappointing, and
it is patently obvious that such systems have not averted wide-
spread destruction and degradation of the tropical forest resource.

The forests of Malaysia and neighbouring areas are more
amenable to management than most other parts of the tropical
moist forest, as they are characterised by having several dominant
species of a single family (Dipterocarps), several of which, in turn,
produce wood of commercial qualities. In the words an observer,
the silviculturist working the lowland Dipterocarp forest from
Sumatra to the Philippines ‘is luckier than his counterpart anywhere
else in the humid tropics’, with relative ease the forest here can be
manipulated to produce a higher stocking of commercial species
than existed in the virgin forest.

After the Second World War, the Malayan Uniform System
(MUS) was introduced in the face of increasing demand for wood
combined with the use of mechanised logging. It aims essentially
at converting the tropical lowland forest to a more or less even-
aged forest containing an increased proportion of commercial
species. In upland and mountainous areas, the Selective Manage-
ment System (SMS) was subsequently introduced. Under SMS, a
prefelling inventory is undertaken, and on its basis one of three
procedures is selected. Areas with inadequate natural regeneration’
of desired species are enriched by planting or replaced by plan-
tations; the areas richest in adolescent trees of commercial species
are identified for management on a polycyclic system (i.e. with
the removal of selected trees in a series of felling cycles), whilst
other areas are to be managed by MUS. The term ‘selection” in
this context applies to the selection of the appropriate procedure,
rather than that of individual trees. Despite this relatively long
history of natural forest management in Malaysia, the successful
regeneration of forests is still fraught with uncertainty. One of the
major problems has been the difference between the theory and
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practice of systems such as SMS, the former may be sound but
the latter less so.

Derivatives of management systems first devised in south-
east Asia have been employed in parts of Africa, and to a much
lesser extent in America. In Nigeria, for example, the Tropical
Shelterwood System (TSS) was introduced in the 1940s as an
adaptation of the MUS. Under TSS, the forest canopy was gradually
opened to induce regeneration by natural means and to guide the
development of seedlings. Climbers were cut during the first year,
while girdling and poisoning of unecoromic species were carried
out in the second and third years, and mature uneconomic species
were felled in the fourth and fifth years. This system, however, was
judged to be unsatisfactory under Nigerian conditions. Compared
with Malaysian forests, the Nigerian forest had a more diverse
tree flora (with the density of commercial species rarely exceeding
ten trees per hectare) and more irregular structure. Furthermore,
the opening of the canopy to allow the penetration of more light
increased not only the growth of desired species, but also favoured
the increased growth of herbaceous weeds and climbers, the net
result in some instances was to retard the growth of desired species.
A total of 200,000 hectares was treated under TSS before the system
was abandoned in the 1960s. Other attempts at management, such
as enrichment planting, were also given up at around the same
time.

In general there has been poor communication of information
from south-east Asia and Africa to America, and fewer attempts
have been made to manage the natural forest in that continent. As
yet, sustained management of the Amazonian forest is non-existent
on a commercial scale, and is in its infancy in terms of research.
Various systems are now under trial in Surinam and French Guiana,
as well as in Brazil and Peru. However successful they may prove
to be in technical terms, it is doubtful whether they will be widely
adopted as long as uncut virgin forest is available for exploitation.
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The additional costs incurred in sustained-yield management
reduce the profits when the timber is sold, and unless a greatly
increased level of timber is produced or harvesting costs are greatly
reduced, managed forests will be at an economic disadvantage.
The traditional tendency to carry out financial assessments on the
benefits of timber production alone, as opposed to more broadly
based economic evaluations of the range of goods and services pro-
vided by the natural forest (see Chapter 6), is a further obstacle to
adopting management of natural forests rather than replacing
them with plantations. And in addition to problems of a technical
and economic nature, there is a fundamental problem of political
commitment, reflected in the provision (or all too frequently non-
provision) of suitable legal and managerial frame-works and
institutions, and of trained and motivated manpower.

A fundamental problem of sustained management, at least
outside parts of south-east Asia, is that it represents a form of land
use that is not sufficiently intensive to compete with arable or
perennial crops. The tropical shelterwood system in Nigeria, for
example, was abandoned in the 1960s for this reason. In Ghana, it
had a similar history, having been introduced in 1946 and aban-
doned in 1966 after failing to give the expected results. In addition
to the inherent technical problems of reconciling the need to open
the forest canopy with the effective control of climbers and other
undesired species, the economic performance simply could not
normally match that of alternative land uses.

In some instances production in natural stands improved by
silvicultural treatment can compare with that from artificial
stands, observer for instance quotes the example of teak in Ivory
Coast. More usually, however, a wide gap exists between the
yields of managed natural stands and plantations. While rational
management and simple operations in the tropical moist forest
can treble the yield of merchantable timber to 6 cubic metres per
hectare, plantations on the same soils canr provide yields of 35
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cubic metres or more. Even if figures are over-optimistic, the wide
differential between the yields of managed natural and plantation
forests remains. While some observers suggest in Tropical forests:
a call for action that with an average annual yield of 2 cubic metres
per hectare from managed natural forests, the existing area of
logged-over forest (around 210 million hectares) could be managed
more intensively to supply 85 per cent of the industrial timber
demands of the developing world by 2000, the outlook of other
observers is more gloomy. For example, it is estimated that by 2000
the entire area of surviving tropical forest would be required to
meet contemporary timber demands. It is also concluded that
‘reliance on native forests for future wood requirements is a blind
alley.” In contrast, the conversion of 15 per cent of the existing
logged-over area into fast-growing plantations, with an assumed
yield of 15 cubic metres per hectare, could meet the demand. This
is not to assume or imply that plantations are free from the tech-
nical and economic problems that have beset sustained manage-
ment in the tropical forest. In Amazonia, for example, most of the
attempts at industrial-scale plantation silviculture that have been
made from the 1920s onwards have been unsuccessful. A possible
exception is the huge operation at Jari, 450 kilometres west of Belem,
near the mouth of the Amazon. Here an integrated project,
including plantations extending to 100,000 hectares, a pulp mill
and agricultural developments, was initially financed by Daniel
Ludwig, an American entrepreneur. The plantations, mainly
established between 1968 and 1980, consisted of two-thirds Gmelina
and one-third Pintus caribea, grown respectively on rotations of six
and twelve years with yields averaging 25 and 15 cubic metres
per hectare per year. Initially, the native forest there was clear-
felled and burned without timber salvage, and heavy machinery
was used in clearance. From around 1980, however, between 60
and 90 per cent of the native timber on sites cleared for plan-
tations was harvested for use as fuel or for pulp or saw-milling,
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and the use of heavy machinery was discontinued with it was
found that the resulting soil compaction had an adverse effect on
tree growth. The long-term viability of that much publicised
project may hinge on the changes in soil fertility under plantation
regimes, and on losses due to pests and diseases. Slight decreases
in Gmelina growth rates have already been observed during the
second rotation. While biological productivity can be maintained
by the use of fertilisers, the economics may be another matter. By
the early 1980s Jari was experiencing difficulties with both bio-
logical success and economic health, and in 1982 was sold to a
consortium of twenty-seven Brazilian companies. The project has
experienced both successes and failures, and its long-term ‘bio-
logical and economic viability remains uncertain. The fact that it
was sold at a loss, however, is significant.

Whatever the final evaluation of the Jari project may be, it is
unlikely that it will be a widely-emulated model in the foreseeable
future, and its performance will probably be of limited signi-
ficance for the evaluation of the relative merits of plantations and
sustained management in the tropics in general. Views on these
relative merits differ widely. On the one hand, it is argued by some
that fast-growing plantations divert attention from the necessity
to apply sustained-yield management to the tropical forest. In
1979 it is suggested that plantation forestry offers little more than
an easy way out from the embarrassment arising from inadequate
understanding of tropical forest ecology. On the other hand, plan-
tations can play a vital role in reducing the emphasis on the wood
production function of natural forests, thus making their natural
regeneration and sustainability more attainable. It has been
suggested that the conservation of the natural forest heritage of
Papua New Guinea, for example, depends on the establishment
of a number of large-scale plantations.

The comparative evaluation of plantations and sustained-
management forest is perhaps pointless, as they both suffer from
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limitations. In the tropical dry forests of Africa, for example, the
management and improvement of natural forests is an economic
but inadequate solution to the problem of wood needs, while
plantations are very expensive and are therefore only a limited
solution. Here the integration of trees into rural land management
and landscape (in agro-forestry systems) may be argued to be the
most worthwhile solution in the long-term. ‘Natural’ management
and plantations are not necessarily alternatives, although they
may compete for scarce resources. Tropical rain forests do not
necessarily have to be cleared to make way for plantations, many
tropical countries have extensive areas of degraded scrubland or
grassland which can adequately support plantations. Indeed, most
tropical plantations established to date are in areas of former
scrubland or grassland, rather than rain forest. Furthermore,
sustained-management may well have a major role to play in
protective forests even if it cannot produce large yields of timber.
Even if it is accepted that the prospects for natural management
of the tropical moist forest for timber production are poor, sus-
tained management may still have a crucial role to play in pro-
viding non-timber products as well as environmental services.
‘Natural’ management is appropriate when the forest is intended
to fulfil purposes of conservation or is unsuited for other purposes,
and it is appropriate when conversion to plantations is hindered
by lack of capital or other obstacles. In some countries such as
Costa Rica, Nigeria and Vietnam, however, the reduction of the
productive forest area to its present extent has severely limited
whatever potential may have existed for extensive ‘natural’ manage-
ment, the demands on the limited surviving areas are simply too
great to be met by low-intensity management. Demand for forest
products in Nigeria, for example, exceeds the ability of natural
forests to supply it, and plantations must play a major role. On
the other hand, conventional plantation silviculture focuses on
timber production to the exclusion of most other functions, and if
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the total disappearance of useful non-wood components of the
natural forest in West Africa, for example, is to be avoided, then
plantation techniques will have to be modified.

If conservation and timber production are not fully compatible,
then separate allocations of forest lands to these functions are
required. Managed semi-natural forests are likely to become less
importantin the future, as plantations provide increasing proportions
of industrial wood requirements and ‘natural’ forms of manage-
ment are applied to upland and protective forests. It this is so,
then it seems inevitable that the tropical forest will follow a similar
path of development to that experienced in temperate latitudes.
The multipurpose ‘pre-industrial’ forest becomes more specialised
in its functions as management (often combined with non-indi-
genous or non-local control) is applied. Many tropical forest areas,
in short, may just be entering the ‘industrial’ phase at the same
time as many temperate areas begin to make the transition from
the ‘industrial’ to ‘post-industrial’ stages, as functions such as
conservation and recreation are progressively added to timber
production (Chapters 5 and 6).

However inexorable this trend may be, its implications are
ominous for the welfare of the local people and indeed also for
the forest itself. FAO (1985b) in its review of Intensive multiple-use
forest management in the tropics concluded that as the intensity of
management for wood production increases, so the ability to pro-
duce minor or traditional forest products is reduced. This trend
towards the production of wood at the cost of other benefits is to
the detriment of the poorest sectors of society. The almost inevitable
result is alienation, if the local population derive few and decreasing
benefits from the forest, it is scarcely surprising that it will perceive
it as land to be encroached upon when more cropland is required.
At the same time, the growing primacy of wood production may
mean that the resource is degraded if not devastated, unless strin-
gent controls are enforced and rigorous management applied. In
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short, modern trends in the use of the tropical forest resemble all
too closely those in other parts of the world in earlier times. The
parallels with the use and abuse of the Russian forest in the
eighteenth and nineteenth centuries, as recounted seem especially
close. Perhaps the real tragedy of the tropical forest is that the
lessons of the past have not been heeded.

The Tropical Forest Issue

The destruction of the tropical rain forest differs in one major
respect from similar episodes of forest destruction in other parts
of the world in the past. Whereas the destruction of the Russian
and American forests in the eighteenth and nineteenth centuries
attracted some attention and gave rise to some concern within
the respective countries, it did not become a major global issue.
Opponents of the destruction tended to be localised in distribution
and few in number. Forest issues were essentially domestic con-
cerns. Today, conditions are quite different. While opponents of
destruction in some tropical countries may be no more numerous or
influential than their American counterparts a century and half
ago, they are far outnumbered by millions in other countries
beyond the tropics. Since international concern about forest issues
is such a new phenomenon, it is not surprising that its significance
remains uncertain. It remains to be seen whether the focusing of
world-wide attention on the tropical forest issue hastens a turn-
round of areal trends and attitudes to the resource and its manage-
ment. While it may well do so, it is also possible that changes will
come about for other reasons, and that the phases and cycles identi-
fied in the use of the non-tropical forest resource will be completed
far more quickly in relation to the tropical forest. In short, the
significance of tropical forest issue is as difficult to evaluate as its
reality as a global environmental concern is easy to recognise. What
is clear, however, is that already that concern has given rise to a
number of institutional innovations. It is still too early to evaluate
these innovations, but it is obvious that comparable institutional
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initiatives were completely lacking in previous major episodes of
forest destruction.

Tropical Forestry Action Plan

One major response to the data on shrinkage of the tropical forest
that became available in the early 1980s have been the Tropical
Forestry Action Plans (TFAP), produced by FAO and the World
Resources Institute. The FAO Committee on Forest Development
in the Tropics recognised that not only was the forest contracting
rapidly, but also that only tiny proportions were either managed
or safeguarded. FAO (1985c, 1986¢) estimated that in the early
1980s, less than 5 per cent of the productive closed forest was
managed on a satisfactory basis for the production of timber, and
that only 3 per cent of the closed forest was safeguarded in national
parks or other protected areas. Much of that paltry proportion was
protected on paper only, and not in reality. Certain forest types,
such as the east-coast rain forest of South America and the forests
of Madagascar, had almost disappeared. The Committee con-
cluded that “it is now generally recognised that the main cause of
destruction and degradation of tropical forests is the poverty of
the people who live in and around the forests.”

While the FAO committee was deliberating, a task force
assembled by the World Resources Institute (WRI) and including
representatives from the World Bank and the United Nations
Development Programme also addressed the problem. In Tropical
Forests: a call for action, the task force acknowledged that government
policies had contributed to the depletion and destruction of tropical
forests, and that unsustainable use of the forest had been fostered by
lenient forest-concession terms and subsidies. It recognised that
deforestation was a complex problem, whose underlying causes
were poverty, skewed land distribution, and low agricultural
productivity.

The proposals of FAO and WRI were similar in many respects.
Five priority areas were identified for attention in the former, and
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four in the later. WRI estimated that the level of investment
required to tackle the problem of tropical deforestation over the
five years following the publication of its Call for Action would be
around US$ 8 billion, with half coming from development-aid
bodies and lending agencies, and the remainder from private
investment and national governments. This rate of investment
would represent around twice the then-existing levels. One of the
main emphases of the WRI proposals was the need to increase
development assistance to forestry. It was seen as very small, and
furthermore was declining in relation to other sectors. The World
Bank and Inter-American, Asian and African Development Banks
allocated less than 1 per cent of their annual funding to forestry,
and the UN Development Programme only 2 per cent.

The breakdown of investment proposed by the WRI Task
Force is indicated here. One feature of the proposals is the
apparently substantial sum of over US$ 1 billion to be devoted to
the strengthening of institutions, and in particular to improvements
in research, training and extension work. This sum amounts to
around 20 per cent of the total, and it was recommended that
approximately three-quarters should be devoted to national-level
institutions and the remainder to regional and international
activities. Another feature is that at least 30 per cent of the proposed
investment would be related to agriculture, with the aim of relieving
pressures of agricultural colonisation in the forest.

While this segment of the proposed investment is geared to
the causes of the tropical forest problem as identified by both FAO
and WR], it is more doubtful whether the remainder is equally
directed. Criticisms have been levelled in particular at the promi-
nent role ascribed to industrial forestry. For example, Caufield
(1987) argues that this type of forestry, and the investment that
underlies it, will merely serve the interests of Western nations. The
effect of the plan, it is claimed, could be to increase deforestation
and impoverish further local populations. She dismisses the WRI
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plan as the product of the ‘jet-set’ environmentalists of the World
Resources Institute and the World Bank.

Equally forceful criticism has come from numerous other

commentators. For example Westoby (1989) observes that the plan
seeks to encourage local people to farm in a way that does not
destroy their environment, but ignores the circumstances which
oblige them to do so. Similarly, Ross and Donovan (1986) conclude
that neither plan focuses on the crux of the problem, which is
wasteful, unplanned forest destruction, and that neither considers
the potential role of natural forests in reducing rural poverty. In
particular, they point out that the problem of deforestation is
-usually different from the need for reforestation. Programmes
focusing on afforestation and reforestation divert attention from
the problem of wasteful and unnecessary deforestation. Shiva (1987)
offers even more scathing criticism, suggesting that the ‘“Tropical
Forest Action Plan’ should be retitled ‘Action Plan for Tropical
Forest Destruction’. He perceives it as exacerbating, rather than
alleviating, the destructive processes presently operating in the
tropical forest.

At the heart of much of the criticism is the emphasis on
investment in general and on foreign aid in particular. If the causes
of the tropical forest problem have been correctly identified by
FAO and WRI as essentially social and political, it is not clear how
the root of the problem—as opposed to some of the symptoms —can
be solved by increased investment. At one level, many developing
countries are reluctant to increase their debt burdens by embarking
on reforestation programmes that are unlikely to yield short-term
benefits. At another level, the effects of foreign aid may be indirectly
to increase pressures on the forest by promoting agricultural or
plantation projects, which in turn involve either removal of the
forest or the displacement of small-scale cultivators into previously
little-disturbed areas. For example Shiva (1987) refers to TFAP’s
recommendation that US$ 400 million to convert natural forests
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in Brazil to plantations. In the same country, the World Bank has
financed the Carajas iron-ore project in eastern Amazonia, whose
demand for charcoal will lead to the destruction of large areas of
forest. Similarly, the World Bank assisted with the construction of
Highway BR-364.

It is easy to be critical of the plans (and of international
financing) but much more difficult to suggest alternatives. It is
relatively easy to identify rural poverty as a major contributor to
the problem, but to identity the cause is not to suggest a practicable
solution, at least in the short-term. Clearly the Tropical Forestry
Action Plan is not a panacea, but this is not to say that it will not
be a helpful contribution. It has helped to focus attention on the
problem, and it may have beneficial effects in encouraging both
co-operation amongst aid agencies and higher levels of investment
in institutional infrastructure. It may even help to convince govern-
ments in developing countries that the problem is serious and
that local and national action is urgently required. On the other
hand, the gloomy conclusions of Westoby may be well founded,
“(the) history of efforts to halt the shrinkage of the tropical forest
by inter-governmental action goes back nearly two decades”, but
“that history can . . . be described as a series of loudly trumpeted
non-events.”

Perhaps it is unrealistic to view either set of proposals as a plan
in any specific sense: they amount to a proposed programme
rather than a detailed blueprint. Implementation, involving the
co-ordination of numerous bodies and agencies, encounters many
difficulties. One important step in the WRI programme was the
meeting of representatives of various governments and other bodies
in Bellagio in Italy in 1987. The statement issued after the meeting
referred to various steps and measures to curb deforestation and
promote sustainable use of the tropical forest, including, for example,
fuller assessment of the costs of deforestation, national reviews to
assess the extent of deforestation and to identify key areas for
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remedial action, and the fuller involvement of local peoples and
non-governmental organisations. Perhaps the most useful role of
such ‘plans’ is to act as catalysts for action and as integrators or
coordinators of the activities of the various interested bodies, rather
than as blueprints for action. Evaluation of the plans, viewed in this
light rather than that of the detailed investment proposals, for
example, is extremely difficult, and tangible results can be difficult
to measure accurately. This does not necessarily mean, however,
that no beneficial results are forthcoming. At the most basic level,
the effects of the plans in helping to focus attention on the tropical
forest problem are more likely to be helpful than harmful, even if
serious issue can be taken with some of the detailed proposals.
International Tropical Timber Agreement
A second institutional innovation during the 1980s was the Inter-
national Tropical Timber Agreement (ITTA). This agreement stems
from the proposal in the 1970s of the United Nations Conference
on Trade and Development (UNCTAD) to inaugurate an Integrated
Programme for Commodities (IPC). Objectives of the IPC, and of
the agreements for individual commodities, included the streng-
thening of the positions of producing countries (mainly in the deve-
loping world), and regulation of the fluctuations of the commodity
markets. While this parentage serves as an useful reminder that
timber is only one of several primary products on which the eco-
nomies of many developing countries strongly depend, there are
many differences between timber and other commodities such as
sugar and coffee. Indeed ITTA differs from other commodity
agreements, and in particular ascribes relatively less importance
to market regulation than do most of the other commodity agree-
ments. The maintenance of stability in prices and supplies, through
intervention in world markets, is not attempted as a primary
objective.

Although the primary aim of ITTA is to promote the expansion
and diversification of international trade in tropical timber, it at
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the same time seeks to encourage sustainable use of tropical forests,
the conservation of the resources that they constitute and of the
environments in which they are located. The agreement was finally
ratified in 1985, after years of negotiations and wrangling. By
1988 forty-two countries had signed the agreement and become
members of the International Tropical Timber Organisation (ITTO).
These members, comprising twenty-four consuming and eighteen
producing countries, account for 70 per cent of all tropical forests
and 95 per cent of tropical timber exports. By 1989 the numbers
had grown to thirty-three consuming and thirty-six producing
countries, and international support, as indicated by both the
number of signatories and financial support pledged to ITTO,
appeared to be growing. Five main areas are identified for atten-
tion: improved forest management and wood utilisation, better
market intelligence, improved marketing and distribution of tro-
pical timber exports, the encouragement of processing in producer
countries, and the encouragement of industrial tropical timber
afforestation (plantation forestry).

The significance of ITTA and ITTO remains to be seen.
Consumers and producers share related concerns: the former are
worried about the rate of depletion of the resource, while the later
are aware that they were (or are) ‘mining’ their resource without
renewing it. Nevertheless formidable problems and differences
were encountered in the years of negotiation leading to the agree-
ment. A particular problem was the allocation of voting rights,
especially since shares of trade are not proportional to shares of
forest area. The initial wrangling delayed the reaching of agreement
and the setting-up of ITTO, and seemed to bode ill for its efficacy.
By the late 1980s, however, the first specific projects aimed at impro-
ving forest management and reforestation were being implemented.
One focuses on ways of rehabilitating some 3.5 million hectares
of fire-damaged forest in East Kalimantan.

The long-term effectiveness of ITTO, like that of the Tropical
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Forestry Action Plan, remains to be seen. Initial altitudes were
skeptical, one review, for example, questioned whether the agree-
ment was a chimera or an opportunity. It is unlikely that ITTA
and 1TTO will prove to be a panacea, any more than the Tropical
Forestry Action Plan. This does not mean, however, that it will be
unhelpful, and the growing support is a hopeful sign. Again one
of the main effects may be in raising international consciousness
and concern.

This growing concern is manifested in various ways. At one
level, there are threats of boycotts of tropical timber products. For
example, two large chainstores in Britain have stopped selling
goods made from tropical wood which does not come from managed
forests, and more than thirty local authorities have stopped using
it. In the Netherlands, half of the units of local government have
discontinued the use of tropical wood. In West Germany, more
than 150 towns and communities have imposed similar bans. In
Switzerland, the use of tropical hardwoods for coffins has been
rejected. While most activity thus far has been at local government
level, national and supranational institutions are also becoming
involved. The West German Ministry of Building, for example, has
discontinued the use of tropical wood in government building
projects, while the European Parliament has called on member
states to ban imports. As yet this call has not been sustained by
the European Commission.

It is obvious that such measures and initiatives signal wide-
spread concern about tropical hardwood logging, but their effective-
ness in curbing tropical deforestation and forest degradation is
another matter. Logging is, of course, only one of several threats to
the tropical forest, and there is a risk that boycotts may antagonise
producing countries and hence do as much harm as good. In
particular, a decrease in demand for tropical hardwoods may
result in a decrease in price, and hence in a further discounting of
the value of the tropical forest as an economic resource.
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During the early 1980s, the setting-up of an Organisation of
Timber Exporting Countries (OTEC) was advocated by Guppy (1983).
The proposed organisation would have had some similarities to
the Organisation of Petroleum Exporting (OPEC) countries, which
at the time was seen as being very effective in regulating supply
and price. This proposal has not materialised, and it is debatable
whether such an organisation would be as effective in relation to
a diverse and heterogeneous product such as tropical hardwood
as it appeared to be in relation to petroleum. An attempt by a
group of countries including Malaysia, Indonesia, Philippines and
Papua New Guinea to set up a loose cartel in the 1970s did not have
a major effect in the face of a Japanese near-monopoly of imports
and the urgent needs for revenue on the parts of Indonesia and the
Philippines. It is possible, however, that an effective regulation of
supply by a group of exporting countries would lead to a rise in
price and hence more careful husbanding of the tropical forest
resource. Whether agreement over control of supply could be reached
by the exporting countries is another matter, as is the question of
whether any price rise would have significant effect on the per-
ception of the resource.

Debt-for-nature Swaps

Many developing countries are burdened by huge foreign debts.
The need to attempt to service and repay international loans has
encouraged drives to expand exports. This has in turn led to more
and more land being given over to export crops, and has directly
or indirectly led to increased pressures on the forest. Economic
imperatives have, therefore, contributed to the destruction or
degradation of forests.

During the second half of the 1980s, however, foreign debt
has been used as a means of encouraging the conservation of some
areas of forest. Conservation interests, usually located in the United

, States or other developed countries, acquire parts of a developing
country’s foreign debt, and in return the debtor country agrees to



310 : The Tropical Forest

protect certain areas of forest. One of the first of these ‘debt-for-
nature’ swaps was negotiated in 1987, when a conservation body —
Conservation International —acquired US$650,000 of Bolivia’s debt
for the discounted sum of US$100,000. In exchange, Bolivia agreed
to establish protected areas, amounting to around 1.5 million hec-
tares around a major reserve. Under the agreement, the Bolivian
government will manage the forests for sustainable development.
In another deal the World Wildlife Fund and the (American-based)
Nature Conservancy acquired Ecuadorian debt amounting to US$9
million (at a discounted price of little more than US$1 million).
Such arrangements at first sight seem attractive and promising.
Debt pressures that might otherwise have contributed to forest
destruction are converted into a means of conservation. In addition,
the international dimension of the value of the tropical forest,
especially in terms of species conservation, is reflected by the
contribution from developed countries. In a sense these countries
are paying for conservation under the arrangements. The burden
faced by the developing country in bearing the costs of conservation
and foregoing the possible benefits of forest conversion is partly
lifted. It remains to be seen how effective the conservation measures
will be, and much may depend on the local infrastructure, and
how well developed it is as a framework for effective management.
Clearly it is very difficult to secure any guarantee that the agree-
ments will be kept permanently. It is also true that the scale of
‘debt-for-nature’ arrangements is tiny in relation both to debt and
to the extent of forest thus protected. For example, the sums
involved in the case of Bolivia, amounting to some hundreds of
thousands of dollars, are trivial in comparison with a foreign
debt of US$4 billion. There is also a more fundamental weakness.
While it is appropriate that international assistance is provided to
conserve a resource of international value (such as plant and animal
species), there is also at the same time the problem of payment or
compensation for conservation, which, arguably, should be regarded
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as a normal form of management. This problem has been en-
countered on a small scale in a different setting in Britain, where
land occupiers may be paid for not damaging the conservation
interest of certain defined sites. Whilst it is appropriate that com-
pensation or payment is offered in return for securing the manage-
ment of the land in a way preferred by society rather than the
occupier, the approach can also have its dangers. It is possible
that the controller of the resource, be it a small conservation site
or extensive forest, may threaten detrimental use or management
unless payment is forthcoming. At least in theory, the pressures
on the forest could be increased rather than alleviated by financial
measures of this kind.

The emergence of ‘debt-for-nature” swaps, alongside the Inter-
national Tropical Timber Agreement and the Tropical Forestry
Action Plan, gives some grounds for optimism. None of these
measures is likely to be a panacea for present problems, but each
represents the translation of international concern about the fate
of the tropical forest into at least some kind of action. Past
periods of forest destruction and degradation neither gave rise to
the level of concern that has been focused on the tropical forest,
nor experienced international attempts to curb the devastation. It
remains to be seen how effective such measures may be, and to
what extent they, and the international concern that they manifest,
can hasten the transition of tropical forest trends to conditions of
greater stability.



9 .
People and Policies

In this last chapter the focus falls on the social and political
background to the use of the forest resource. Initially the popular
perception of forest issues is considered as a basis for reviewing
forest policies and their formulation. A number of themes emerge,
including the general lack of involvement of the population at
large in decisions about forest management, the roles of forests in
social and economic development, and the formulation and
significance of forest policies.

People and Forest Issues

Throughout history the forest has been a resource of primary
importance to large numbers of people. Management and control
of the forest, however, have usually been in the hands of a relatively
few individuals, and the people of a country, for example, have
rarely been consulted directly on how they would wish their forest
resource to be used. As forestry has developed in technical terms,
there has been a tendency for decisions about forest management
to be seen as the prerogative of professionally trained foresters.
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This tendency has extended to decisions about what the forests
should be used for as well as how they should be managed. Forestry
issues have seldom occupied leading positions on the political
agenda, and usually have been overshadowed by concerns such
as economic policy, defence or agricultural matters. Furthermore,
national policy-making has been prone to ‘capture” by special
interest groups, such as the forest-products industry or forest
owners, and the views of members of such groups have often had a
disproportionate influence compared with those of the rest of the
population.

Popular opinion and forest management

As Chapter 1 indicates, the fate of the world forest resource is a
major popular issue of the day, at least in the developed world.
Around one-third of the population in the European Community,
for example, appear to be concerned about it. Much of this concern
is directed at the tropical rain forest, which has been promoted as
a major issue by a number of international environmental groups.
It also extends, in some countries at least, to concern over domestic
forest issues. This concern embraces, in varying proportions, en-
vironmental questions and issues such as control of the resource
and the provision of employment and other social and economic
benefits from it. Broadly-based surveys of popular attitudes to
the forest and its management are conspicuous mainly by their
absence, but one large-scale investigation in a country with huge
forest resources —Canada — has yielded interesting resuits.

One of the features emerging from the results is the apparent
strength of feeling that Canadian forests should not be exploited
at all. The forest-products industry is a major sector of the Canadian
economy, and Canadian forests have a social and economic impor-
tance far greater than in most other countries. Yet a very substantial
minority, amounting to 38 per cent of the people questioned, agreed
strongly or ‘somewhat’ with the proposition that ‘The forests
should not be exploited economically at all’. Presumably this
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section of the population viewed the forest primarily as a non-
material resource, of value for recreation, wildlife conservation
and wilderness qualities rather than as a source of timber. The
prominence of the ‘non-exploitation” view as reported in this survey
contrasts with the recent perception that ‘within the general public
(in Canada) there exists a view, undiminished by the years, that
there are plenty of forestlands to be exploited and that technology
will somehow keep on improving accessibility, growing methods
and utilisation.” Perhaps policy-makers perceive public attitudes
on such issues inaccurately, and unless specific and particular
issues emerge to provide foci for public attitudes to be expressed,
will continue to base their policies on such misperceptions. It is
encouraging, however, that A national forest sector strategy for Canada
recommends that the forest sector should encourage public parti-
cipation in developing the objectives for forest management
(Canadian Council of Forest Ministers, 1987).

Another striking feature is the strength of opinion about the
need for regulation of forest use. Of the persons questions in the
survey, 90 per cent disagreed with the view that ‘Companies
should be free to harvest our forests without regulation’. While
the resource quality of Canadian forests has not been maintained,
at least the forest area has been conserved to a far higher degree
than in most countries. It may therefore seem surprising that
there should be such an overwhelming support for government
regulation of forest harvesting.

Responses to the other two statements are perhaps less striking,
but it is noteworthy that a substantial body of opinion (39%)
disagrees with the view that the use of chemicals is necessary in
the forest, while a clear majority accurately perceive that replanting
does not match harvesting. More than one-third of the respondents
agreed strongly with the statement, and the pattern of response
suggests that the population at large had at least a general aware-
ness of the forest trends in this respect. The results do not indicate
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directly whether this awareness is matched by concern, but the
high proportion agreeing ‘strongly’ may suggest that concern is
indeed present.

Three important conclusions may be surmised, if not logically
deduced. First and on the basis of the admittedly limited evidence,
it seems that the population at large accurately perceives the nature
of basic characteristics such as the ratio of cutting to planting. If
this 8 indeed so, then the argument that the population in general
has neither an awareness of nor interest in forest issues in un-
tenable. In turn, the view that forest issues are matters to be reserved
for professional and technical persdnnel is untenable. Second,
there is strong support for public or government regulation of the
use of the forest. Third, almost two-fifths of the population con-
sider that the forests should not be exploited economically at all.
Presumably a larger proportion place value or utility on non-con-
sumptive uses of the forests. In short, popular demand for the ‘post-
industrial forest’ appears to be running ahead of any actual shiff in
the nature of use and management of the forest, and professional
forest managers and policy formulators may be lagging far behind
that demand. .

Whilst it would be wrong to place too great emphasis on the
results of one survey in one country, the indications they provide
are of considerable interest. They deserve further testing in other
countries, both in the developed world where many forests may
be in transition from the ‘industrial’ to ‘post-industrial’ stages,
and in the developing world where the transition is more likely
to be from ‘pre-industrial” to ‘industrial’, and where a completely
different set of public opinions may be encountered.

The fragmentary evidence that is available suggests that
Canadian perceptions are not atypical, at least of the developed
world. For example, the proportions of respondents indicating
concern about the use of insecticides and pesticides in American
forests in the early 1980s were respectively 37 and 36 per cent—
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figures comparable with those from Canada. Hendee concluded
that the public distrusts many of the methods used by the forestry
profession, and in particular considers that forestry managers fail
to consider properly the non-commodity, environmental and
human aspects of forestry.

Specific issues: clear-cutting and native forest

Clear-cutting, with its historical associations with destructive
exploitation, is one particular manifestation of conflict over forest
resource values. According to Hendee, it was identified by 43 per
cent of respondents as subject to widespread abuse. Clear-cutting
has been a major source of conflict in the United States, resulting
in court action between conservation interests and the US Forest
Service, which was perceived by the former as giving priority to
timber production. In Australia clear-cutting has attracted oppo-
sition even when used within ecologically based regimes for the
management of fire-climax species, and followed by even-aged
regeneration. '

In the United States, the clear-cutting issue that came to a
head in national forests in West Virgina and Montana in the late
1960s and early 1970s gave rise to the most widespread discussion
of forest management since the beginning of twentieth century.
Whereas in the early 1900s there was widespread public support for
government management of forest resources, the US Forest Service
was now seen as being excessively influenced by the timber industry,
and as neglecting its multiple-use mandate. Clear-cutting symbo-
lised a perceived overemphasis on timber production and under-
emphasis on other products and services. Eventually limits were
imposed on the areal extent of individual clear-cuts, and these
maximum sizes varied according to forest location.

Another specific issue, which perhaps emerges more widely
around the world, is the fate of native forests (and their replace-
ment in some instances with plantations). This issue is epitomised
by the case of the California redwoods. Since the late nineteenth
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century, the preservation of some of these woods was vigorously
advocated, in the face of threats from logging. The preservation
movement continued through the twentieth century, culminating
in the 1970s with extensive purchases of surviving redwoods stands
for preservation. By then, however, most of the old redwoods had
disappeared, except for the few percentage protected in public
parks.

This issue is not confined to North America. In Australia, for
example, a survey of 5,000 members of the Australian Conservation
Foundation showed native forests to be seen as the top priority
for action, amongst a list of eighteen environment issues. In the
same country, intense controversy has been generated by a policy
of expanding wood production from native forest areas, with the
consequence of severely modifying the native forests or replacing
them completely with plantations. In the course of the sometimes
bitter conflict between the holders of different resource values, the
public were not consulted, and indeed it was alleged that con-
version plans were kept secret. It was alleged by the same authors
that the role of the forest service was primarily as a servant of the
wood-using industry, and that non-commodity values are generally
overlooked or discounted by the forestry ‘establishment’. In sup-
port of this view, they calculated that over 80 per cent of the articles
in the journal Australian Foresty between 1956 and 1971 had been
solely concerned with wood production or associated matters,
and that only 2 per cent were on aspects of forest ecology not
directly affecting wood production.

Whilst the native-forest issue may have generated more heat
in countries such as Australia and New Zealand than in many other
parts of the world, the basic nature of the conflict, lack of con-
sultation with the public and perceived orientation of the forestry
profession towards wood production are common to many other
parts of the developed world. It remains to be seen whether native-
forest issues develop domestically (as opposed to internationally)
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to the same extent or intensity in developing countries as they
have done in much of the developed world.
Popular opinion: the transition to the ‘post-industrial’ forest
Many native forests remain under public ownership, and there-
fore few obstacles might be expected to impede their transition
towards ‘post-industrial’ status. Indeed concrete indicators of this
transition exist, including for example the designation of areas as
national parks or designated wilderness. In the United States, the
net transfer (or ‘loss’) of timberland to non-timber purposes has
averaged around 2 million hectares per decade in recent times.

Where forests are under private ownership, the transition
might be expected to be less smooth, and the relevance of popular
opinion might be thought to be less direct. In practice, however,
increasing state influence has been brought to bear by means of a
combination of regulation and incentives such as grants (Chapter
5). The public is consulted as seldom over the nature of these
influences as on the management of forests on public land, but
environmental interest groups may have considerable effect on
the policy objectives underlying these measures. For example, en-
vironmentalist concern about the dwindling broad-leaved forests
in Britain in the early 1980s led to the emergence of a new broad-
leaved policy encompassing favourable planting grants and pre-
sumptions against the ‘coniferisation’ of existing broad-leaved wood-
lands. In this and most other comparable cases, however, the out-
come was the result of campaigning by interest groups, rather
than the product of any systematic attempt to base policy on public
opinion. It was concluded that forest services in developing countries
are highly conservative and traditional, lacking mechanisms for
meaningful reference to the broader economic and political pers-
pectives of society. Perhaps his conclusion also has some validity
in the developed world.

In the classical ‘industrial’ forest, policy objectives are solely
or primarily utilitarian. The classical view was well expressed by
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the first director of what was to become the US Forest Service:
“The main service, the principle object . . . has nothing to do with
beauty or pleasure. It is not, except incidentally, an object of
aesthetics, but an object of economies.” Such views are, of course,
deplored by environmental interest groups and perhaps by the
wider public in many countries today. Nevertheless, powerful
inertial factors have retarded their modification. One of these was
(and is) the difficulty in incorporating non-material and non-
economic values into decision-making. This difficulty was related
in turn to a cultural problem; professional foresters, reared in a
system in which priority was accorded to timber production,
tended to #'scount concern for outdoor recreation, landscape or
(non-game) wildlife as peripheral or as ‘weak’, emotionally based
and generally unprofessional. Attuned to an utilitarian tradition
and lacking clear and direct channels of contact with changing
popular attitudes and values, they tended to react defensively at
first. In the United States, for example, the Forest Service and the
Society of American Foresters either resisted or failed to support
legislation such as the Wilderness Act (1964) and the National
Environmental Policy Act (1970), despite strong support from Con-
gress. In Australia, most foresters were taken unawares by the
vehemence of the criticism levelled at the first proposals to reduce
native eucalyptus forests to wood-chips for export to Japan. For
the foresters the discovery that certain eucalypts were suitable for
chipping provided an opportunity for a long-standing dream to
convert these “unproductive’ forests into productive ones. This
opportunity was quite consistent with the traditional “production’
orientation of the profession, though it conflicted head-on with

 the changing resource values of the day.

| According to Kennedy (1985), part of the problem has been that

' foresters, like engineers and physicians, do not welcome advice
and criticism from persons not trained in their discipline. He also
considers that many students entering the forestry profession are



320 : People and Policies

attracted by the perceived simplicity and tranquility of the
produetion forest, and that they do not welcome a role as conflict
manager adjudicating between different interests and values.
Furthermore, many professional foresters have looked upon
themselves as the custodians of the community interest in forest
management, and as the appropriate judges of where that long-
term interest lies. In short, the age of the industrial forest fostered
an outlook in which objectives, as well as the techniques of manage-
ment, were assumed to be the prerogative of the professional
forester, and in which timber production was paramount. It is
understandable, therefore, that the challenge represented by the
changing values, aspirations and attitudes of the public should
encounter some resistance, and hence that obstacles should be
encountered in the transition from the ‘industrial’ to the ‘post-
industrial’ forest.

Popular opinion: the ‘pre-industrial’ and ‘industrial’ forest
Popular opinion may play a limited part in forest management in
the developed world, but it has nevertheless been successful in
affecting a partial transition from the ‘industrial’ to the ‘post-
industrial’ forest. By comparison, it has probably had less effect
in the developing world. The transition from the ‘pre-industrial’
forest, with communal control and use of the forest for a variety
of purposes such as production of fuel, food and fodder as well
as timber, to the ‘industrial’ forest with external control and an
emphasis mainly or wholly on timber production, is often abrupt.
It is more often imposed on local people than sought by them.
The opinions of local people are rarely taken into account, and in
less sophisticated societies it is more difficult for interest groups
to form and function effectively.

As Chapter 5 shows, this transition has frequently met with
opposition, and it (or aspects of it) have often had persistent, long-
term effects. One of these is resistance to conservation measures
imposed by colonial governments, often with little or no reference
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to traditional patterns of rights and use. Post-independence govern-
ments in Africa, for example, have found it difficult to overcome
these negative perceptions. Another example is the case of India
where resistance has been manifested in the form of forest satya-
graha. The Chipko movement that evolved in the early 1970s was
a reaction against the management and use of forests for wood
production to supply non-local needs. Its demand for the Himalayan
forests to be seen as protection rather than production forests was
ultimately at least partly successful. Examples of successful attempts
to halt the transition to the ‘industrial’ forest have been rare, but
the last decade has seen the emergence of social or community
forests as alternatives. Here the emphasis of production is on fuel-
wood, poles and various other ‘minor’ products, rather than on
industrial wood.

During the 1950s and 1960s, many national forest services
concentrated on industrial forestry in accordance with theories and
policies of industry-led development, with a corresponding neglect
of other aspects of forest use and management. This orientation is
unsurprising; many post-independence national forest services
were descended from former colonial services, and in addition
many of their personnel were trained and educated in Western
institutions. The forestry schools in many of these institutions were
probably strongly geared towards timber production, and indeed
many of them were probably strongly influenced by timber com-
panies through grants and other means. In short, the Western,
‘industrial’ view of the forest was widely inculcated. Furthermore,
the attempted segregation of land uses, as commonly practised in
temperate-zone forestry, has often led to detrimental effects and
confrontation in the tropics. Eventually in the 1970s widespread
interest emerged in agro-forestry in reaction to this.

By the 1970s the growing realisation of the importance of fuel-
wood and other non-industrial products led to growing interest
in social and community forestry. In the view of Kennedy (1985),
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who is himself a forester, the fact that the concept of social forestry '
had to be invented in order to emphasise broad and varied social
needs is an indictment of the narrow value focus of ‘traditional’
forestry and its close association with wood production and
market prices. In addition, there is the problem of social friction
or conflict arising from the fact that the forester has had both an
industrial orientation and an association with powerful industrial
or landed interests, rather than with the local population. A widely
held view is that “down through the ages, the forester has usually
been looked upon as the gendarme of landed property and rich
forest owners,” and that forest administrators have often been
insensitive to the needs of local communities. This view is largely
shared by Filius, “The needs of the local people have almost always
been ignored in forest planning. This has mainly been oriented
towards the prime or classical goal of forestry, which is the produc-
tion of industrial wood.” He goes on to emphasise that the socio-
economic and cultural systems of the local population must be
studied if social forestry is to be successful, and not only physical
site characteristics and the wood market.

The outstanding and oft-quoted example of successful
community forestry is the Republic of Korea (Chapter 6). Here more
than 1 million hectares of fruit, fuel and timber trees were planted in
five years in the 1970s by a network of over 20,000 village forest
co-operatives supported by the government, which provided legis-
lation to make land available, as well as free planting stock and
extension services. The resulting forests to some extent resemble
typical ‘pre-industrial’ forests, with community involvement and
multi-purpose use, but they are of course man-made rather than
natural and their creation was to a considerable extent a ‘top down'’
rather than ‘bottom up’ process. Whilst some success was subse-
quently achieved with this style of community forestry in a few
other countries such as Nepal, collective approaches of this kind
generally have enjoyed at the best only slow progress. Projects
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involving individual rather than group approaches have often
been found to enjoy greater success. Perhaps the recreation of the
‘pre-industrial’ forest in its typical, communally-controlled form,
can be achieved only rarely, irrespective of whether the driving force
is government or people. If the forest resource under communal
control has almost disappeared in a locality it is not surprising
that it is difficult to re-establish it in that original form.

The transition from the ‘industrial’ to the “post-industrial’ phase
may be driven by public opinion and that from the “pre-industrial’
to the ‘industrial’ stage is usually imposed by government or external
would be exploiters of the timber resource. The re-establishment
of ‘pre-industrial’ forests seems to require strong external stimuli
such as government or aid agency. It remains to be seen whether
direct transitions from ‘pre-industrial’ to ‘post-industrial’ stages
will occur widely. If they can and do, then perhaps far more of the
tropical forest will survive than if the transition can be affected
only through the intermediate stage of the ‘industrial’ forest. Perhaps
an encouraging, if very tentative indicator is the nationwide logging
ban imposed in Thailand in 1989, imposed in response to a combi-
nation of pressures from rural villagers, conservationists, and wide-
spread public reaction against a series of damaging mudslides
perceived to be related to deforestation.

Forest and Employment

One of the main foci of public interest in forests, and in some
national forest policies, is in the employment they offer either
directly or in wood-using industry. Forest employment is widely
seen as a significant issue both in countries with extensive forest
resources, and in those with continuing afforestation programmes.
In comparison with the attention focused on it, however, forest
employment is relatively limited in scale. It also suffers from a
number of characteristics that limit its usefulness as a means of
encouraging rural development. Nevertheless, the creation of
employment is identified as one of the main contributions that
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forest industries can make to socio-economic development. It goes
on to assert that small-scale forest industries provide the principal
employment for between 20 and 30 per cent of the rural labour
force in many developing countries.

On the national scale, the contribution of forests and forest-
based industries to total employment is usually very much less.
In many countries it amounts to only 2 per cent or less. It is under
5 per cent even in most countries with extensive forest resources
and well-developed forest industries. In the United States, for
example, the proportion of employment attributed to timber in
the 1970s was 4 per cent of all civilian employment, and of this
proportion only 10 per cent related to timber management and
harvesting. The remainder was in primary and secondary manu-
facturing (13 and 27% respectively), construction (24%) and trans-
port and marketing (26%). In Chile, where there has been a rapid
growth of a plantation-based forest industry in recent years, forest-
based activities (including transport) employ 3 per cent of the active
population. The overall proportion is similar in Malaysia, which
has one of the most highly developed forest industries in the
developing world. Here the forest sector absorbs only 3 per cent
of the total labour force, and logging accounts for less than one-
third of that proportion. Small as the overall contribution is, how-
ever, it has grown markedly in Malaysia as the forest industry
has developed, with an increase of 46 per cent occurring between
1972 and 1976. On the other hand the forest-dependent labour force
has generally declined through time as forest operations have
become increasingly mechanised. In Canada, for example, almost
half of the adult male population were involved in the timber
and lumber industry in the late nineteenth century, while now
only 7 per cent of the labour force is forest-dependent. The long-
term trend is almost invariably and inevitably downwards, because
mechanisation and improvements in labour productivity mean
loss of employment after the stage of maximum sustainable yield
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has been reached. In Sweden, for example, forest-sector employment
reached a peak at the end of the 1930s. Since then, it has decreased
at a rate of around 2 per cent per annum, although wood removals
increased by about 1 per cent per year until the early 1970s.

The mechanisation of forest operations ard decreasing labour
requirements pose serious problems in areas where the economy
is poorly diversified and opportunities for alternative employment
are few. Forest-based employment is often of greatest relative
importance in such areas. Ever-increasing areas of forest are
required to maintain or provide one job, and conflicts arise between
the wish to manage the forest on a sustained-yield basis and the
desire- to maintain stability of employment in the forest and in
wood-using industries. These problems are of long standing in
Scandinavia and parts of North America. In addition in countries
such as Canada current forest management and hai vesting prac-
tices threaten long-term sustainability of production and hence of
employment, and in audition their environmental effects may
adversely interact with employment in other resource sectors such
as fisheries. Similar problems are likely to become increasingly
prominent in the developing world. Even if the worst excesses of
destructive exploitation, and of resulting instability of communities,
are avoided, it may still be difficult to reconcile social, commercial
and sustained-yield objectives.

Inaddition to the secular trend of decreasing demand for labour,
problems are also caused by cyclical fluctuations in demand for
timber. In order to help to stabilise logging-dependent communities
during periods of downturn in demand, timber sales from national
forests have at times been maintained by the US Forest Service.
This practice may, in turn, merely destabilise logging activity on
private forests.

There is a long tradition of using mobile or transient labour in
the forest, rather than settled workers. In many parts of the developed
world today, as in North America in the past, this labour is housed
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in camps rather than in permanent communities. Such a mode of
labour is understandable in terms of cyclical exploitation of the
forest resource, but it can mean that few social and economic
benefits accrue locally. For example, one study in East Kalimantan
in Indonesia revealed that only 12 per cent of the total jobs provided
in logging camps were taken by local people, and that local foods
accounted for only 5 per cent of camp expenditures on consumable
goods. In short, few benefits from logging were retained locally.
Furthermore, the overall intensity of employment creation is very
limited; in Indonesia, for example, 53 hectares were logged for each
job created, including jobs in indastrial processing.

Secular changes in labour requirements and fluctuating demand
depending on the age or stage of development of the local forest
are world-wide problems that impair the usefulness of the contri-
bution that the forest can make to socio-economic development.
They limit that contribution in the developed and developing
worlds alike, as they do irrespective of whether the forest is a
natural one, whether it has been managed for many decades, or
whetbher it is a recently established plantation.

The initial stages in establishing plantations in countries where
the forest resource is expanding through afforestation have a relative
high labour demand for ground preparation and planting. There-
after the need for labour drops to very low levels, and remains
there until thinning begins or clear-felling occurs. Peatland affores-
tation in Ireland, for example, typically requires seven workers
per thousand hectares during years 1-5, but only one during years
6-17. Such a strongly, fluctuating requirement does not fit well
with the characteristics of typical areas of afforestation, which are
often remote and lightly populated. Nor does it make a substantial
contribution to socio-economic development in such areas in the
short-term, although in the longer term some benefits may be
provided by wood-using industry.

Fluctuating labour requirements associated with afforestation
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are frequently met by mobile squads or migrant workers rather
than local residents. In addition to providing limited or minimal
local benefits, such patterns of provision sometimes appear to
lead to social friction. A rise in petty crime, for example, is reported
from Northland, New Zealand. On the other hand, the same
author indicates that forest development programmes there have
helped to arrest and reverse trends of rural depopulation, and
have led to greater diversity of community structure and higher
proportions of young married couples in local communities. In
contrast, afforestation has apparently not helped to stem rural
depopulation in areas such as North Wales. ‘

Although labour requirements may fluctuate, they are often
at least as great as for previous or alternative land uses. In Otago
in South Island, New Zealand, for example, direct employment
in forestry and pastoral farming is similar, but when downstream
employment is included, forestry employs more than four times
as many workers per unit area as does agriculture.

Whilst forestry may have employment densities similar to or
higher than those in pastoral farming, the conversion of land to
forest plantations by no means always results in increases in
employment, In Portugal, for example, employment densities in
eucalyptus plantations are lower than in previous land uses invol-
ving olive groves and vineyards; the creation of 5,000 hectares of
plantation means a loss of 2,000 man-years of employment. Similarly,
while a typical small farm in Latin America can sustain several
labourers, a typical 100-hectare eucalyptus plantation provides
jobs for only two or three.

Regardless of whether forests or alternative land uses provide
more employment, there appears to be a widespread tendency to
overestimate the number of jobs that forestry and forest-products
industries can provide. Employment potential is frequently an
important element in forest policies or in justifying individual
forest projects, and exaggerated or over-optimistic estimates have
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often been made. For example, it was forecast in the early 1970s
that employment in forestry and the wood industry in Australia
would rise substantially; in fact it has declined. In Scotland the
chief minister in promoting a programme of forest expansion in
the 1940s looked forward to a day when forestry would employ
workers as many as agriculture and coal-mining (around 150,000).
In fact it now employs little more than 10,000.

Advocates of forestry expansion have frequently used argu-
ments of social and environmental benefits in support of their case.
Objectives incorporating these benefits have often been included
in national forestry policies and programmes. Unfortunately the
way in which the expansion has been implemented or carried out
has not always meant that the benefits have materialised in the
ways expected. This in turn has on occasion led to disappointment
and disillusionment.

Forests and Development

This disappointment and dlslllusmnment have been felt at a
variety of scales, ranging from local projects to the international
level. Nowhere are they better reflected than in the changing views
of J.C. Westoby, who was a forestry official in FAO. These changing
views are chronicled in a series of papers and books published
between the early 1960s and the 1980s, culminating in the publication
of his collected papers under the title of The purpose of forests: follies
of development. Initially, both he and FAO believed that forest
industries in the developing countries could look forward to very
bright prospects. In terms of resource endowment and environ-
mental potential they were well placed to meet the growing timber
needs of the developed world. Linkages between the forest sector
and other industries and other branches of the economy would
mean that the sector could make a special contribution to the over-
all development process. In short, the forest sector deserved special
consideration in development strategy; ‘industrialisation based
on the forest can both contribute to and promote the general
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economic development process.’

By 1973, doubts were creeping in: “progress has not been as
rapid as we thought we had a right to expect,” and with them the
realisation that the world’s industrial wood needs could be met
from plantations which would amount to only a tiny percentage
of the world forest cover. By 1978 the gloom was deepening: “as
yet, forest industries have made little or no contribution to socio-
economic development in the under-developed world —certainly
not the significant contribution that was envisaged from them a
couple of decades ago.” By this time he had concluded that forest
development projects, like parallel developments in food and
agriculture, were geared primarily to the needs of the developed
world, and that they thus served to promote socio-economic under
development. According to Westoby, the forests in developing coun-
tries and in tropical latitudes were exploited primarily for the
benefit of the developed world, and the ‘development establish-
ment’ (including international agencies) had assisted in this process
or colluded with it. In his view, international aid in forestry has
helped to identify, for the benefit of foreign capital, forest resources
suitable for exploitation, and it has helped some irresponsible
governments to alienate and eliminate substantial parts of their
forest-resource endowment. In particular, almost every country
now had a forest service, but many forest services in developing
countries were woefully understaffed and underpaid: “because they
exist, exploitation is facilitated; because they are weak, exploitation
is not controlled”. He went on to conclude: “the basic forest pro-
ducts needs of the peoples of the underdeveloped world are further

1 from being satisfied than ever. . . . The famous multiplier effects
are missing. Few new poles of development have been created”.

Linkages between the forestry sector and other parts of the
economy proved harder to forge than had been expected. Policy-
makers have usually overestimated employment benefits from forest-
based industries, as they have from afforestation programmes,
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and benefits in terms of regional development have also been
overestimated. In short, the bright hopes of the 1950s and 1960s
that the forest resources of developing countries could offer a
spring-board to socio-economic development have not been ful-
filled. The same phases of destructive exploitation that characterised
the use of the forest resource in eighteenth-century Russia and
nineteenth-century North America have all too often been repeated,
and perhaps even facilitated or promoted under the guise of deve-
lopment aid. Local resource values have been sub-merged under
those of the developed world: the ‘pre-industrial’ forest has given
way to the ‘industrial’ forest in many areas, and to one that has
been rapidly degraded.

In a few developing countries the forestry sector has made
a significant contribution to socio-economic development. One
example is Malaysia, where the forestry sector has made signi-
ficant contributions in both overall development and in terms of
distributing the benefits of this development. In peninsular Malaysia,
forest utilisation has been relatively well integrated with rural
development and the growth of a export-oriented processing sector.
Value is added through sawmilling and ply-wood manufacture,
and government has attempted to control rates of harvesting, to
improve management and utilisation, and to expand plantations.
The scene there does not quite conform to the gloomy picture or
model sketched by Westoby, nor does it wholly do so in the case
of Sabah and Sarawak. Whilst the emphasis in these areas is still
on logs (rather than on processed products), control of forest
clearing and of land allocation for agriculture has been retained
by the Malaysian governument, although this has not prevented
conflict with indigenous peoples (Chapter 5). The rate of growth of
forest-products exports during the 1960s surprised even government
economic planners, and by the mid-1980s the forestry sector con-
tributed around 5 per cent of Gross Domestic Product compared
with under 3 per cent in 1960. Douglas (1983) concludes that the
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overall performance of the forestry sector can be interpreted in a
favourable light because control over forest exploitation has been
maintained, rural development has to some extent been achieved,
and forestry-industry activities have been specialised in areas of
comparative advantage.

Such examples, however, are rare, and do not invalidate the
Westoby view. Until the mid to late 1970s, most of the development
effort was focused on large-scale industrial forestry. With wide-
spread disenchantment about the results of such effort, attention
then began to swing towards a recognition of the importance of
forestry in rural (as opposed to industrial) development. With this
shift came a re-evaluation of the financial characteristics of forest
projects geared to objectives of rural development rather than to
wood-using industry, and with it new problems of funding and
of coordinating the various institutions that provide the infra-
structure within which the projects can be carried out. This shift
is reflected in the dramatic change in the nature of funding of
forestry projects by the World Bank. Prior to 1977, around 85 per
cent of funding from this source went to industrial aspects of wood
production and utilisation: only four out of seventeen projects
funded between 1953 and 1976 were specifically intended to benefit
rural people. Since then the share of a greatly increased volume
of funding has fallen to 35 per cent. The other 65 per cent is now
allocated to projects concerned with fuelwood and timber for
domestic (as opposed to industrial) use, environmental functions,
rural development, and the management of natural forest eco-
systems. Over half of the forty projects in the Bank’s forward len-
ding programme at the end of the 1970s were regarded by it as
‘people-oriented” as opposed to ‘industry-oriented.’

While the significance of involvement of bodies such as the
World Bank in relation to forest destruction and forest conservation
is debatable (Chapter 8), there is little doubt that some reorientation
away from industrial forestry projects has occurred.
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The Role of Forest Policy

The form and content of forest policy are enormously variable.
Forest laws and institutional arrangements have a bewildering
complexity and diversity. In some countries, specific laws and codes
date back for centuries, relating for example to matters such as
ownership and control (Chapter 5). Many of them relate, literally,
to the trees rather than to the forests, and in many countries they
have been added sporadically and incrementally. They are often
fragmentary and piecemeal, lacking integration into coherent
policies. Few countries have coherent, consistent and compre-
hensive policies, and where such policies do exist they are almost
invariably the product of the twentieth century. The nature and
content of forest policies may reflect something of the character
of the state. This character and role are of fundamental importance.
Whilst ideally the state may function as the trustee of its peoples,
and manage the forest and other resources on their behalf, in
practice it has often functioned in a way favourable to sectional
interests. In varying degrees it still does so. A popular (sensu stricto)
basis to forest policy has generally been lacking.

Forest policy seems at first sight to be the key to effective
management of the resource. It seems to be self-evident that the
objectives of the management of the forest resource need to be
clearly defined, and effective means of achieving them require to
be identified. Yet many countries, including large countries such
as Canada and Australia, have found great difficulty in formula-
ting and implementing forest policies. During the 1970s, the Seventh
and Eighth World Forestry Congresses urged that all countries
devise and declare national forest policies, and that existing policies
be updated. By no means all countries yet have forest policies,
and “ . .. there is scarcely a country which has a formal, thought-
out and declared forest policy.”

If they exist at all, national forest policies are often charac-
terised by vagueness, confusion, or uncertainty. They may attract
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much attention, but less agreement and even less commitment. In
a paper entitled “National forest policy-myth, manifesto, mandate
or mandala?, chronicles the sorry saga of national forest policy in
Australia, which has extended over a period of more than seventy
years. Carron concludes:

Anyone reading the mass of material on and around the subject might

well he pardoned for not being sure whether we have one: whether

we had one but don’t have it any longer; whether we think it would

be nice to have one but it isn’t practicable.
It is true that particular problems are encountered in federal
countries such as Australia (and many others including Malaysia,
Canada and the United States). Different provinces or states pur-
sue different policies: for example, in Australia, New South Wales
allows woodchipping for export, while Victoria does not, and
Tasmania places tight controls on the management of private forests
while the other states do not. And the Commonwealth govern-
ment is keen to protect the Queensland rain forest, while the state
government proposes to have it logged on a sustained-yield bass.
Under such conditions, broad forest strategies, rather than precise
national policies, may be the most that can be expected.

This Australian example reflects the peculiar problems faced
by federal countries, as well as the common and basic problems of
will, commitment and agreement. It illustrates something of the
general problem that arises from the distribution of power between
different levels of government. This problem is experienced in
unitary as well as federal countries, and difficulties in formulating
national policy are encountered under both types of political
structure. These difficulties include, amongst many others, the
position of forestry issues on the political agenda, and the simul-
taneous requirement for long-term consistency in defining policy
objectives and for flexibility in the face of changing pressures and
concerns. Policy statements are sometimes regarded as stereotyped
and irrelevant, because of their rigidity and failure to keep pace
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with changing conditions. It is sometimes argued that policy
making should become a continual process in order to keep pace
with changing conditions. If too flexible, on the other hand, they
may be overwhelmed or overshadowed by emphemeral or tran-
sient issues, and may fail to convey the impression of long-term
commitment that forest management requires.

Part of the problem is that forestry issues have rarely had a
sufficient degree of immediacy or urgency to ensure them a high
priority on the political agenda. Even today, when interest and
concern are widespread, it does not necessarily follow that forestry
issues are the leading concerns; matters such as defence or social
policy are likely to occupy more prominent positions in the agenda.
Forestry issues rarely emerge prominently at general elections,
and when they do attract much attention it may be at local or
regional rather than national levels, or from relatively small interest
groups rather than the population at large. Major influences, dis-
proportionate to the numerical strength of the membership in-
volved, may be exerted by groups representing forest-industry
and environmental interests in particular.

The evolution of policy

It seems that forest policy rarely evolves gradually in response to
popular views. Instead, it is sometimes devised rapidly by govern-
ment in the face of a particular problem or crisis. The classic
example is the case of British forest policy, which was largely
non-existent until the crisis years of the First World War brought
home the disadvantages of dependence on timber imports. Policies
devised in this way are Jikely to have simple, single, well-defined
objectives, and they are the direct product of government rather
than the reflection of popular interest or concern. The urgency and
immediacy of such a crisis may very effectively focus the attention
of government on an otherwise neglected issue, and may lead to
the general acceptance of the idea of a national policy.

Its origins will obviously determine the initial nature of a
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policy, but inertia may ensure that the original policy objectives
and instruments persist while conditions and circumstances
change. It has been suggested, for example, that the “objectives of
official forest management in post-Independence India have not
(yet) been liberated from colonial legacies.’

Subsequent crises —whether financial, military or political —
may lend to radical revision of the oﬁginal policy, but unless such
crises arise any change is likely to be minor and incremental. Pressure
from interest groups or other branches of government may result
in adjustments, and new objectives may be added or the priorities
of existing ones revised. In some instances new objectives are simply
added to the existing ones without any clear indication of prio-
rities, and without the addition of new instruments. As a result,
the policies become increasingly complex, and even those charged
with implementing them may lack clear direction of priorities. The
principle of providing at least one policy instrument for each policy
objective is probably ignored more often than it is honoured.

The origin and content of forest policies depend on a variety
of factors including political will and the extent of the forest
resource. In countries where the forest resource has largely dis-
appeared, the stimulus of war or economic crisis may give rise to
a policy geared to expanding the forest estate. In well-wooded
countries, on the other hand, the gradual shrinking of the forest

- resource may lack the immediacy or urgency of such a crisis. When
a policy is eventually devised, it is likely to be concerned initially
with the protection of the resource, especially against threats such

' as fire. The combination of different degrees of resource endowment,
different political systems and different levels of development
mean that the search for common characteristics of forest policies,
on the global scale, is at best likely to be only partly successful.
Nevertheless, a number of common features can be identified.

Most forest policies refer to goals of timber production, as well
as to environmental and social objectives. In many instances concern
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about the availability of timber led to the initial formulation or
reformulation of forest policy, and in some cases to the setting-up
of a state forestry service. During the seventeenth century reign
of Louis XIV, for example, it was reported that ‘la foret de France
est en mauvais etat,’ despite attempts dating back to at least the
fourteenth century to protect it by means of a forest code and
ordinances. Fears about the availability of timber for naval pur-
poses led to the famous ordinance of Colbert in 1669, and the laying
of the foundation of modern French forest legislation. Another
classic example is the case of the Britain, which embarked on a
programme of forest expansion after the First World War: other
countries have followed similar courses on the basis of fears that
imports will become difficult to obtain in the future, and wil] be-
come increasingly expensive as timber shortages develop. Increasing
self-sufficiency, for reasons of physical or economic security, has
been a primary objective in many national policies, and has in
particular been the basis on which forest expansion programmes
have been advocated.

Timber is one of the very few natural resource commodities
to have increased in real price over prolonged periods of several
decades, and thus arguments of increasing scarcity cannot be
discounted. Furthermore, real wood shortages have already been
encountered in many countries, especially in the more arid parts
of the world. Nevertheless, the shortages predicted at various
times in countries as diverse as the United States, Britain, Australia
and New Zealand have not materialised. In the case of Britain,
arguments of increasing scarcity, and hence rising prices, were
used by the state forest service as recently as the 1970s in support
of continued forest expansion. In the case of Australia, Carron (1980)
notes that the “scarcity’ argument has been used for seventy years
without the prediction coming to pass. Most ‘scarcity’ arguments
have been directed at industrial wood: few (at least until recently)
have been directed at fuel-wood, where paradoxically real and
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acute shortages have been experienced in various parts of the
world, including much of Britain by the seventeenth century and
many parts of the tropics today. Perhaps the emphasis on industrial
wood and the relative neglect of fuelwood simply reflects an
‘industrial’ bias in the forestry profession and in forestry policies.

Self-sufficiency or adequacy of timber reserves for emergency
use are impermanent goals. In the case of Australia, for example,
forest expansion during the 1960s and early 1970s was geared to
self-sufficiency, but with a lowering of population estimates for
the end of the century and beyond, demand estimates were revised
downwards. The question then arose of whether planting rates
should be reduced, or whether planting should be aimed at the
export market. It has been suggested that the level of uncertainty
about future demand for timber has increased in recent years. If
so, the translation of policy objectives into areal requirements may
become increasingly difficult. In Britain, the advent of nuclear
warfare meant that the original objective of building up a strategic
reserve of timber for use during war was becoming irrelevant. This
change did not, however, lead to a radical revision of the planting
programme. Expansion continued, on the basis of economic strategy.
In short, planting programmes can achieve a momentum that
outlives the conditions in which they were established, and forest
expansion may become a goal in its own right.

While increasing timber production through expansion of the
forest area is a major theme in countries such as Britain, Ireland
and New Zealand, it may also be an important issue in countries
which are well endowed with forest resources. In some developed
countries, private forest owners have little interest in/maximising
wood production. The needs of forest-products industries have
meant that sub-maximal production from private forests has
emerged as a particular issue to which policy is directed. In many
developing countries, stated or unstated policy has been focused on
increasing timber production from natural forests in the hope that
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socio-economic development would be fostered.

Timber production is therefore usually a central or primary
objective in national forestry policies. In addition, social objectives
are frequently included, and these may be given special emphasis
at certain times and in certain areas. Afforestation has often been
viewed as a means of providing employment. A strong regional
dimension is sometimes apparent, and forest expansion or deve-
lopment may be justified for social reasons even when the economic
case for it is doubtful. It has been suggested that the forest service
in New Zealand has suffered from being used as a social agency
in providing employment. Similar sentiments are widely held, if
less directly expressed, elsewhere, and reflect something of the
tension that arises when multiple objectives are pursued. The
same authors refer to the repeated calls to the forest service in
New Zealand to repair the environmental damage caused by bur-
ning and overgrazing. This is but one aspect of the environmental
objectives that are incorporated in many national policies, especially
since the 1970s. Similarly, recreation has been increasingly acknow-
ledged as a policy objective. As indicated in Chapter 6, various
objectives were added incrementally to the management of state
forests in New Zealand between the 1950s and the 1980s, in-
cluding recreation, nature conservation and landscape conser-
vation. Similarly, recreation was added to the management objectives
of state forests in the Netherlands in the 1960s, and nature con-
servation in the 1970s. In some countries the emergence of new
issues such as the environment has resulted in new management
agencies and changing relationships between agencies and
divisions. Under such circumstances the integrity and coherence
of policies becomes increasingly difficult to maintain.

The typical national forest policy has become more complex
through time, and simultaneously has often become less precise
and specific. Policy formulation has increasingly become a matter
of compromise and of reconciling the views of different interest



People and Policies : 339

groups, rather than one of devising blueprints or guidelines for
the management and use of the forest resource. Policy statements
in the developed world frequently refer to multiple use, for
example in the cases of the national forest strategy for Australia,
as announced in 1986 and in the United States. In the later, the
Multiple Use-Sustained Yield Act of 1960 was as much a compromise
as a milestone; whilst it and subsequent legislation such as the
National Forest Management Act of 1976 established multiple
use as a general principle, many practical problems remained in
translating this principle into practice. Multiple use was defined
as the management of all the various resources of the national
forests, in the combination that would best meet the needs of the
American people. Such a definition seems unexceptionable, but it
is also vague and lacking in specific criteria. The US Forest Service
was left to interpret these definitional terms, and as a guide to
decision-making or a standard for measuring performance the
act had limited meaning. The bill leading to the act was attacked
by the Sierra Club, a major and powerful environmental group.
One of the fundamental points of criticism was that foresters were
competent to identify resource problems and to propose possible
solutions, but not to choose between uses. The bill contained a
list of multiple uses, arranged in alphabetical order. Despite the
fact that the order was held to be insignificant, some judicious
manipulation is reported to have been undertaken: ‘fish and wild-
life’ became ‘wildlife and fish’, for example, and ‘forage’ was
translated into ‘range’. Whatever the accuracy of the allegations
and the significance of the reordering may have been, there is in
this issue a reminder that the apparent policy as enshrined in law
is but the tip of an iceberg: much lies below the surface.
Nevertheless, such legislation is of at least symbolic signi-
ficance, indicating that the days of the ‘industrial forest, in which
timber production was the sole or overwhelmingly dominant
function, were over. The broadening of policies to incorporate
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environmental and recreational elements is perhaps epitomised
by the Multiple Use-Sustained Yield Act in the United States, but
many other countries demonstrate similar trends, whether or not
they are manifested in major legislation.

When policies do evolve through time, they tend to become
more complex and more vague, if they fail to evolve, they become
increasingly irrelevant. Inertia may be a powerful factor even when
evolution appears to occur; the typical pattern of incremental
change may be basically too slow to respond to emerging forest
issues. Senior officials in forest services may have spent their
formative years during periods of different or simpler policies,
and unconsciously or otherwise may be strongly influenced by
these earlier phases. Furthermore, the addition of new policy
objectives (such as environmental and recreational goals), is not
always matched by the provision of new instruments. Therefore
the effective policy may differ from the stated policy.

In some instances major differences can exist between policy
as stated and as practised. Sometimes there is a simple inability
or unwillingness to implement or enforce policy provisions. In
Colombia, for example, a permit is required before forest is cleared
and there may be a requirement for reforestation, but in practice
few landowners observe these regulations and staff and resources
are inadequate for enforcement. Some plans or apparent policies have
been dismissed as ‘window dressing’. His comments are directed
especially towards certain developing countries where forest des-
truction continues despite the announcement of grandiose plans
apparently directed at conserving the forest resource. In his view,
such plans and policies are merely designed to mollify international
conservationists. Elements of window dressing, however, are not
confined to such situations, but extend to developed countries where
environmental or recreational objectives are apparently incorporated
into policy in order to satisfy interest groups. Whether their incor-
poration is always followed by changed practice is another matter.
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j Policy limitations

The gap between rhetoric and reality means that although national
forest policies may be necessary for effective management of the
forest resource, their existence is unlikely to be a sufficient condition
for that management. In addition to the points just discussed, three
other factors are significant.

First, the recent and continuing ‘internationalisation’ of the
forest industry may mean that national policies become increasingly
inadequate in scale and scope, in the same way in which national
governments may not always be a match for transnational cor-
porations. Direct foreign involvement in some developing countries
may be decreasing, but the international dimension in forestry in
some developed countries is increasing. For example, in the United
States, Canadian and Scandinavian forest-industry companies have
been investing in forests, as have British financial institutions. In
response to such trends, some countries may feel a need to devise
foreign forest policies, as well as domestic ones. For example,
some importing countries such as France may be prompted to
devise foreign forest policies as well as domestic ones, as supplies
become scarcer and market conditions increasingly favour the
seller. Such policies could include elements aimed at encouraging
investment in joint ventures in tropical countries. Whether such
foreign policies can be effectively harmonised with national domestic
policies in the host countries is debatable. A growing international
or transnational dimension is also reflected by the attempts of the
European Community to formulate a common policy. Such attempts
encounter great difficulty, because the problems to which policy
objectives need to be directed become more numerous as geo-
graphical scale increases. In Mediterranean Europe, for example,
the problems are related more to fire and environmental protec-
tion, whereas production goals and the afforestation of ‘surplus’
land released from agriculture are relatively more important
further north. On the still wider scale, it remains to be seen how
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successful international policies such as those enshrined in the
Tropical Forestry Action Plan are in practice. None of the major
international conventions deals directly with forest resources: of
the 113 concluded between 1921 and 1983, fewer than ten are
related to forest management, and then usually merely tangentially.
For example, one tree species (of mahogany) is included in the
convention on International Trade in Endangered Species (CITES)
concluded in Washington in 1973.

Second, national forest policies do not exist in isolation.
Various other agricultural, economic and social policies are likely
to be in operation at the same time. And if it has proved difficult
to harmonise the various internal elements of forest policy, it is
almost impossible to do so on the broader front. Adequate integra-
tion is often lacking at both the intra-sectoral and inter-sectoral
levels. In Canada, for example, the need to co-ordinate the host of
government departments and agencies is seen as even greater
than that of establishing a national policy. In practice, non-forest
policies may nave a far greater effect on the use and management
of the forest resource than have forest policies. In relation to forest
problems in the developing world, Romm (1986) goes so far as to
argue that *. . . the primary objectives of forest management
policy must be outside the forest.” If indeed the main threats to
the forest are from factors such as population growth and agri-
cultural expansion, the validity of his argument is apparent. And
the significance of non-forest policies for the forest resource are
not confined to the developing world. Conflicts between sectors
are numerous in the developed world also. In Britain, for example,
policies of expansion of both agriculture and forestry were pur-
sued after the Second World War. These policies were to a large
extent worked out separately: de facto, however, agricultural ex-
pansion had priority, not least because it was administered by a
larger and more powerful government department. Similarly,
government positions on forestry and deforestation in developing
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countries in Africa and elsewhere are often confusing: defores-
tation may officially be decried, but at the same time land
clearance for agriculture encouraged. Numerous calls have been
made for integrated land-use policies, but these are likely to
remain pipedreams. If agreed and meaningful policies cannot be
devised for the forest sector, what hope is there for more general
land-use policies?

If serious conflicts sometimes arise between forest and agri-
cultural policies, much greater problems exist in the relationship
between forest resource use and economic, fiscal and tenurial
policies. Such policies may have a far greater impact on the extent
and condition of the forest than forestry policies. This is as true of
policies pursued at the supranational and non-governmental
levels as well as of those pursued by national governments. The
classic example is Brazilian Amazonia, where fiscal incentives, tax
holidays, and the nature of land tenure have contributed greatly
to pasture-driven deforestation, a scathing indictment of govern-
ment development policies, sponsored by the World Bank, is
presented by Mahar (1988). He proposes five immediate changes
in policy —the discontinuation of fiscal incentives for livestock
projects, a moratorium on disbursement of fiscal incentive funds
for projects in the Carajas area, the modification of policies that
recognise deforestation as a form of land improvement, and thus
as a means of establishing tenurial rights. The character of land
tenure, and hence of the pattern of forest ownership and of mana-
gement objectives, is largely dependent, for better or worse, on
government policy. Laws that assign property rights over public
forests to private parties on condition that such lands are ‘developed’
or ‘improved’ favour expansion of agriculture at the expense of the
forest. The significance of tenurial policies and enactments is not new:
legislation on forest property and use rights in many European
countries in the past facilitated the transition of the forest from
the “pre-industrial’ to the ‘industrial’ stage in the same way as it
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has done so much more recently in much of the developing world.
For example, an act of 1805 abolished all common rights in private
forests in Denmark. Whether intentionally or otherwise, this pre-
pared the way for a fundamental change in the pattern of forest
use and management.

Similarly, the framing of tax regulations can wittingly or
unwittingly have major effects on how the resource is managed.
Tax ‘holidays’ to foreign corporations, in the hope that industrial
development will he fostered, may mean that forest destruction
is accelerated. Adjustments to tax regulations can have an almost
overnight effect on afforestation rates in countries such as Britain,
irrespective of whether they were intended to have any effect on
forestry.

Third, planning, or the local implementation of policy, can
pose major problems. By their very nature, national forest
policies are formulated at the centre. To have effect, they have to
flow ‘outward” and ‘downward’; to reach local inhabitants and
forest owners. This problem is reviewed for the case of Japan, but
is by no means restricted to that country. In addition, there is the
fundamental problem that policies are formulated nationally, but
the implications vary regionally. Problems emerge especially in
relation to planting targets. In the case of New Zealand, for exam-
ple, these have been established without significant consultation
with regional and local authorities. This is also true in other
countries such as Britain, and highlights the tensions that exist
between sectoral and land-use planning. Different degrees of
support or enthusiasm for central government or sectoral policies
exist at different levels. In New Zealand, for example, regional
planning authorities have been more supportive of central govern-
ment targets for afforestation than have the local planners. Local
planning authorities have to cope with the local outworkings of
these national policies, and often feel frustrated because of their
limited or inappropriate powers and instruments. Furthermore,
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one of the traditional tools of land-use planning is zoning, but
this practice of allocating zones of land to specific uses fits un-
comfortably with the shift towards multiple use that is character-
istic of the ‘post-industrial forest.’
There are, therefore, several serious and basic limitations to
forestry policy. Numerous prescriptions for more effective policies
have been offered.
It is easy to identify defects and weaknesses in existing policies
and to point to areas where improvement could and should be
achieved. It is easy to urge, for example, that forest policy should
be treated as a whole, and that forest policies need to be streng-
thened. It is much more difficult to convert the prescription into
reality in the face of competing issues, changing political agendas
and conflicting interests. It is doubtful whether a completely com-
prehensive and consistent forest policy can ever be formulated. ‘
To this extent, the fervent advocacy of national policies, as expressed
by World Forestry Congresses and commentators such as Westoby
(1985) is futile. To accept that all national forest policies are flawed
and incomplete, however, is not to suggest that they are pointless
and meaningless. Partial though they may be, they can still help
to instil principles of management and to establish the broadest of
guidelines for the use of the forest resource. In the final analysis, how-
ever, they can be but one of the preconditions for forest conservation.
Prescriptions for forest policies
o Forest policies need to be strengthened and implemented
more rigorously.

¢ Forest policies should give more emphasis to the needs and
wishes of people.

e There must be a close co-ordination between forest policy
and other policies.

e Forest policy must be treated as a coherent whole.

¢ National policies should recognise the growing importance of
forestry’s international dimension.
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* Those responsible for forest policy should do what they can
to protect forests against avoidable damage and destruction.

e Forest administration and individual forest officers should
become more outward looking, and become more concerned
with people.



10
Review

Human use of forest resources resembles human use of the earth
as a whole. It is characterised by destructive exploitation and
damage both to the resource and to the wider environment. It is
also characterised by friction and conflict over the control of the
resource base and the type of use to which it should be put.
Problems of forest resource use have been experienced in various
parts of the world for thousands of years, and by the late twentieth
century the condition and fate of major world forests have emerged
as a major world issue. The most obvious conclusion to be drawn
from a review of the global forest resource is that the lessons
from the history of forest resources in one part of the world are
not heeded in other parts.

The tropical forest is at present in the midst of a phase of use
similar to that in the United States in the nineteenth century and
parts of the Old World in earlier times. It is rapidly shrinking in
the face of clearing for agriculture, lumbering and the gathering
of fuelwood. As the forest area contracts, at least some of it changes
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in ecological character and often in usefulness as a resource.
Resource shortages occur, especially of fuelwood, in the same way
that they were suffered in parts of Europe, for example, in previous
centuries. And environmental problems, such as soil erosion and
increased flooding, are attributed to the pattern of forest resource
use in the same way as they were in nineteenth century North
America.

Comparison of the tropical forest with that of temperate lands
can lead to both optimism and pessimism. On the one hand,
there is hope that a forest transition will occur in the tropics as it
has done in higher latitudes, that the presently shrinking forest
area will stabilise and begin to expand once more. There are grounds
for hope that the transition will occur more abruptly and more
rapidly in the tropics than it has done elsewhere, especially because
of the growing and spreading concern about forest resource issues
on the world scale. There is pessimism, however, because even if a
rapid transition does occur, much of value will have been lost from
the original resource, much human suffering will have been caused
and much environmental damage done. Destructive exploitation
is sometimes viewed as a step towards conservation and efficient
resource use (Chapter 1); in the United States, for example, the
destructive exploitation of the forests in the nineteenth century
was certainly followed by the rise of a conservation movement
and by a forest transition. In other countries such as Britain and
Ireland, for example, as well as in parts of the Mediterranean lands,
destructive exploitation continued to a stage where the forest re-
source was almost completely exhausted, and a transition was
long delayed and initially hesitant. Even if destructive exploitation
were invariably followed by more conservative use, however, the
tragedy of the damage and wastefulness remains; why has a
resource such as the forest to be depleted before it can be con-
served? Why can the clearing of the forest for agriculture not be
carried out in a orderly, planned and controlled manner? Why
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can avoidable environmental effects not be avoided when the
resource is utilised?

On the other hand, the scale of destruction should not be
exaggerated. While much damage has been done, most of the
pre-agricultural forest area still remains. It is true that some forest
types and areas have been almost completely eliminated, but
huge areas survive, and large areas survive almost intact. Much
of the world forest has proved to be resilient in the face of human
use, and much of it lies in areas so inaccessible that exploitation is
unlikely to occur in the foreseeable future. Furthermore, while
the current rate of deforestation is probably unprecedented in
history, so also is the rate of reforestation and afforestation. The
net trend is still one of contraction, but eventually it may give
way to one of expansion, as afforestation continues in the developed
world (perhaps at an accelerating rate, as land is transferred out
of agriculture) and becomes more rapid and more widespread in
the developing world.

The world forest resource is probably changing more rapidly
at present than at any time in human history. It is changing in
extent through direct human agency, and it may also change in
extent and distribution as a result of climatic change arising from
indirect human effects. There is some evidence that its health is
being impaired in some parts of the world, again through indirect
human agency. The perception of the forest resource is also altering.
Throughout much of human history, it has been viewed as a
source of a wide range of useful products including food, fodder
and fibre. For what will perhaps prove to be a brief interlude, this
‘pre-industrial’ stage has been succeeded by an ‘industrial’ phase
in many parts of the world. During this phase, the forest is seen
solely or primarily as a source of wood for constructional and
industrial purposes. Around much of the world, however, there
has been progress to a ‘post-industrial’ stage, in which the forest
is perceived as much more than a source of timber. It is viewed
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also as having intrinsic value in terms of landscape and wildlife,
as well as offering opportunity for recreation. It is increasingly
seen as containing a wealth of actually or potentially valuable
products and organisms. This trend applies alike to publicly and
privately owned forests in much of the developed world. The
distribution of the material or non-material benefits accruing from
this “post-industrial’ forest resource is usually wider than that from
the ‘industrial’ forest. Society (as opposed to individual owners)
begins to value the resource, and it is probably no mere coincidence
that the forest transition seems to take place as this change in per-
ception or re-evaluation begins to occur. Perhaps the re-evaluation
of the forest resource, like the forest transition, will happen more
rapidly and more abruptly in the developing world than it did in
Europe and North America in the past.

The fate of the world forest is also related to the other forest
transition, from the ‘hunting/ gathering’ form of use to that more
closely resembling farming. This transition has been affected in
many parts of the world, and an increasing area of forest plantation
increasingly resembles farm crops such as wheat in terms of
management. As the area of accessible and exploitable ‘old growth’
forest shrinks, the pressure to switch to ‘farmed’ forests; at least
for timber supplies, will grow. While extensive areas of ‘old growth’
forests were available for use on the ‘hunting/ gathering’ mode,
there was little incentive to incur the higher costs arising from
managed or man-made forests. As accessible and exploitable natural
forests become fewer, however, the possible alternative of plan-
tations (or other forms of intensive management) will be perceived
ever more favourably. Perhaps this is one reason why forest resources
have to be depleted before they are conserved.

Plantations are not a panacea to the problems of the world
forest resource. They offer good prospects for timber supply, but
are less attractive from the viewpoint of other goods and services
such as wildlife conservation. They may suffer from serious problems
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of sustainability in terms of plant nutrients, pests and diseases.

On the other hand, they can help to relieve the remaining natural

forest from the role of timber production, and thus allow a fuller

appreciation of other resource functions such as conservation and

recreation. As plantations (and other intensively managed forest
areas) expand, there may well be a relative shift towards lower

latitudes as the main areas of timber production. These latitudes

may have an advantage in terms of growth rates and ultimately of
costs. Furthermore, much of the forest area in the developed world

is in (or is approaching) the ‘post-industrial’ stage, where timber

production is increasingly constrained by the preferences of forest
owners and society alike for non-consumptive uses. While it is true

that rapid afforestation may occur in parts of the developed world

as land is transferred out of agriculture, there are signs that oppo-

sition towards extensive ‘industrial’ afforestation is growing in
some developed countries. Perhaps these disparate factors will, in
combination, be expressed in a tendency for the wood-production
industry to move gradually towards lower latitudes. If so, the forest-

area transition in tropical latitudes may be further hastened.

The publicity afforded to tropical forest issues in recent years
has tended to give the impression that current forest problems
are concentrated in the developing world, and has perhaps tended
to divert attention from some of the problems of developed world
forestry. The fact that the forest area is stable or increasing in the
developed world perhaps strengthens this effect. Nevertheless,
serious problems remain in the use of boreal forest resource in
particular. In both Canada and the Soviet Union, much of the
boreal forest has been extensively modified and degraded as a
result of human use, and it is very doubtful whether the forms of
exploitation and management practised even in recent decades
are in accordance with sustainable use. Perhaps the boreal forest
issue will become more prominent in the years ahead, especially
if rising temperatures lead to a mismatch between climate and
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vegetation and hence to apparent malaise in health and vigour or
shrinkage in area.

The latent issue of the boreal forest is a reminder that forest
problems are not confined to the tropics. It is also a salutary re-
minder that complacency on the part of the developed countries
about their forest resources is unwarranted. It is readily under-
standable that developing countries should be resentful of what
they see as interference from the ‘North’ over the stewardship of
their tropical forest resources. Perhaps both local and global dimen-
sions are required in the management of the global forest resource.
If, as suggested in Chapter 3, incorporation into the world economy
is one factor that can trigger destructive exploitation of the forest
resource, then it follows that a global dimension is significant.
Furthermore, some forest resource values, such as gene pools and
possible sources of pharmaceuticals, are global rather than local.
It is appropriate that the conservation of these resource values is
supported, financially and in other ways, on a world-wide basis.
Whether ‘debt-for-nature” swaps and other recent initiatives offer
promise that this can be done effectively and successfully remains
to be seen (Chapter 8). It is apparent, however, that the creation
of a global management framework for what amounts to a global
resource, whilst respecting local use, values and control, is probably
the biggest single challenge facing forest resource management at
the end of the twentieth century. Problems of a technical nature
still persist, not least in the sustained-yield management of the
tropical rain forest. The basic problems, however, are economic,
social and political. The example of the environmental effects of
logging, as reviewed in Chapter 7, is a reminder that technical
knowledge is available on how adverse effects of soil erosion and
compaction, for example, can readily be mitigated through appro-
priate management, if the will is present. Perhaps this small example
typifies the use of the forest resource as a whole. To regard the
current problems of forest resource use as primarily technical in
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nature may conveniently deflect attention from fundamental human,
social and political issues, but it is ultimately self-deluding. Tech-
nical knowledge for some forms of sustained-yield management

(such as coppicing) was available in parts of the Ancient World.
It did not safeguard the forest.
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