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Foreword

We operate in an increasingly interconnected and globalized society. Megaforces such
as population growth, digital connectivity, accelerated consumption, and disparate
prosperity combine with climate change, ecosystem decline, and growing resource
scarcity to create far-reaching and often unpredictable impacts on the world in
which we live and do business.

Forests play a central role in this complex interplay of global forces. They cover
approximately 30 % of the world’s land surface and provide essential resources for
the survival of humans and other species — and also for the development of business
and related operations. Forests supply the world with tangible, profitable resources
like timber, and secondary products like fruits and pharmaceuticals. But perhaps more
importantly, they provide employment and livelihoods for many communities,
especially in emerging economies, offering a means to achieve economic indepen-
dence and security.

At the same time, forests represent some of the most rich, diverse ecosystems on
Earth. We are only just beginning to understand the extraordinary value and impact
these global ecosystems have on the rest of the planet. Beyond tangible resources,
healthy, intact forests perform critical ecosystem services such as stabilizing soil
and soil nutrients, conserving and purifying water, and providing habitat for
wildlife. There is also a growing awareness of the very significant role forests play
in the global carbon cycle. The potential for mitigating climate change by increasing
carbon uptake through reforestation, afforestation, and forest management, while
decreasing carbon emissions caused by deforestation and forest degradation, is an
exciting and promising area of forest science and policy.

In spite of the critical resources and services that forests provide, deforestation
and forest degradation are occurring on a rapid scale globally, driven by a burgeoning
human population and the corresponding economic needs and consumption patterns
of both developed and developing nations. The area covered by primary forests has
fallen by more than 40 million hectares since 2000, mainly because of logging and
other human interventions including (but not limited to) commercial agriculture,
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viii Foreword

mining, and biofuels production. If deforestation continues on its current trajectory,
some scientists believe that the world’s rainforests could completely disappear in
100 years.

To reverse this trend, we must focus on developing solutions to preserve, protect,
manage, and sustainably use the planet’s forest resources — keeping in mind the
people and diverse species that directly depend on them for their livelihood and
survival. Although forest management is generally well understood, the principles
are poorly applied; most current approaches are fragmented and lack the necessary
coordination to be truly effective. Successful solutions will come from better under-
standing the scientific, political, and socioeconomic drivers in various locations and
integrating these perspectives to create workable forest management policies and
tools. In compiling and communicating the current issues, research, and thinking on
forest science and forestry, this book can help achieve a greater understanding of the
critical role forests play in a complex, interconnected world.

Amsterdam/London Yvo de Boer
KPMG’s Special Global Advisor on Climate

Change and Sustainability

Former Executive Secretary to the United Nations

Framework Convention on Climate Change
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About the Book

e This book tackles the enormously important and complex issues facing the
world’s forests today, posed by climate change, conservation objectives, sustain-
able development needs and the growing demand for affordable energy, along
with analyses of the difficulties and opportunities that these present.

* It contains contributions from numerous internationally recognised experts in
these fields.

* These articles are explicitly intended to be accessible to a wide range of users
from diverse disciplines and backgrounds, who may need to gain a rapid
understanding of the key issues and opportunities facing the world’s forests over
the coming century, as well as for the rich contribution that forests themselves
can make for dealing with these issues the world over.

This book addresses the urgent and complex threats and challenges to the world’s
forests posed by the four great problems of the age: climate change, conservation
objectives, sustainable development needs and the growing demand for affordable
energy. The intention is to outline the research and other efforts that are needed to
understand how these issues will affect the world’s forests along with the options
and difficulties for dealing with them, as well as the opportunities that the world’s
forests and production forestry can offer for tackling these very issues.

This book includes sections on (1) sustainable forestry and conservation; (2) forest
resources worldwide; (3) forests, forestry and climate change; (4) the economics of
forestry; (5) tree breeding and commercial forestry; (6) biotechnological approaches;
(7) genomic studies with forest trees; (8) bio-energy, lignin and wood; and (9) forest
science including ecological studies. It therefore provides a wide-ranging and
multidisciplinary view of the role and contribution of forests and forestry for
addressing some of the most critical problems and issues facing humanity in the
twenty-first century, as well as the interactions between them.
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Xii About the Book

Contributions are provided by prominent organisations or individuals with an
established record of achievement in these subjects, who have been asked to present
their ideas on these topics in a manner that is readily accessible to professionals
from disciplines other than their own. The aim being to provide a ready source of
information and guidance on these topics for a wide range of scientists, policy
makers and politicians for many years to come.
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Introduction

Trevor Fenning

The aim of this book is to contribute to a better understanding of the huge range of
issues that affect forests, forestry and forest science worldwide, and to clarify the
many benefits that they can offer for overcoming the environmental problems of the
age. This book is intended to be of use both for scientists and forestry professionals
who might not be familiar with all the work going on outside their immediate area
of expertise, and also for policy makers, business and political leaders and who
might be involved in making decisions about these issues.

The chapters of this book have been written by internationally renowned experts
drawn from a range of disciplines relating to forests, forestry, forest science and
climate change. The authors were given an open remit to discuss any aspect of their
work that they considered most relevant to the underlying theme of the book, which
is to identify and explain the benefits that forests can offer the world, in order to
help ensure that these benefits are maximised now and for future generations. The
authors were also asked to present their work in a way that is readily intelligible to
professionals or interested parties from disciplines other than their own, rather than
producing purely academic pieces that may be difficult for the non-specialist to
understand.

This project was organised because the world is facing an unprecedented combi-
nation of challenges which not only pose a grave threat to the future of the world’s
forests, but also to ourselves. It is not yet sufficiently appreciated by non-specialists,
however, that if properly managed, forests have the potential to reduce many of
these problems to much more manageable levels and at a modest cost. Therefore the
reasons why such policies have not been adopted need to be urgently addressed,
especially the widespread ignorance of the huge influence that forests exert over the
world’s climate.

T. Fenning (P<)
Forest Research, Northern Research Station, Edinburgh, UK
e-mail: trevor.fenning @forestry.gsi.gov.uk

T. Fenning (ed.), Challenges and Opportunities for the World’s Forests 1
in the 21st Century, Forestry Sciences 81, DOI 10.1007/978-94-007-7076-8_1,
© Crown Employees UK 2014



2 T. Fenning

Examples of the problems facing the world at this time include the increasing
demand for energy and the limited supply of fossil fuels (IEA 2012); the rapidly
growing populations in many developing countries and the natural desire of the
people living there to improve their standard of living; all of which is adding to the
pressure on the natural world (UNFPA 2012). Because of this there is an urgent
need to redress the damage that is being done to the natural environment and the
eco-system services upon which we ultimately all depend, not least by the effects
of climate change (Stern 2007; The 4th IPCC Report 2007; Read et al. 2009).

In a globalised world, environmental, economic and political problems such as
these increasingly affect everyone everywhere, regardless of their precise cause or
origin. From this it should be clear that we are all now dependant upon each others
actions far more profoundly than at any other time in human history, and that these
problems are too large and all encompassing for any one nation state to solve alone.

Large scale international cooperation is therefore essential if these problems are
to be successfully tackled. Unfortunately it is also clear from the difficult debates
about these issues at the international meetings, that there is as yet insufficient
agreement about how best to respond to these problems, demonstrated by the failure
of the Copenhagen and Doha Climate Change Conferences to reach any binding
resolutions to reduce carbon emissions. These disagreements are presumably being
driven in part by uncertainty as to what solutions there may be to these problems,
and also how to share out the burdens of dealing with them.

Any one of these issues alone would present a major challenge to our future
wellbeing, but taken together they are probably the most formidable combination of
problems that humanity has ever faced. It is probably also no exaggeration to say
that there is now more at stake with these issues than our mere wellbeing, so it is
solutions that are needed rather than wrangling over who is to blame.

Unfortunately ignorance about how forests might be used to help address these
problems is widespread, although they strongly influence all of these problems for
better or worse. For instance, if properly used and protected, forests can be (and are)
major carbon sinks, but if abused they can also be (and are) major emitters of carbon
dioxide (CO,). Forests already provide firewood for many of the world’s poorest
people, but have the potential to provide large quantities of new types of biofuels
and other materials on a sustainable basis, that can substitute for fossil fuel intensive
alternatives and in a manner that does not compromise the world’s food supplies.

And this is without allowing for the fact that the world’s forests are also major
reservoirs of biodiversity and supply free of charge many of the eco-system services
on which we all depend.

However, although there is a growing understanding of the role of forests in help-
ing to offset these problems, the prospects for using them in this way is still not as
widely appreciated as their potential merits. Ignorance of the benefits that forests
can offer probably persists partly for historical reasons, and because it is difficult for
non-specialists to grasp the sheer range of issues that affect forests, especially the
amount of time required to work with them.

For instance, when the Kyoto Protocol was negotiated in 1997, it committed the
participating countries to various reductions in fossil fuel emissions compared to
the reference year of 1990, which was seen as a major step forward in the effort to
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Fig. 1 The purpose of this diagram is to demonstrate the complexity of the biological, physical and
human issues that affect natural and managed forests as well as the individual trees within them. The
interactions between these issues being shown by solid arrows, while the underlying linkages of the
different research themes to these fundamental biological issues, are indicated by dotted arrows.

For example, the structural, physiological, biochemical and genetic functions of individual trees
or clones are worthy of study in their own right, but these factors will also be influenced by other
organisms and environmental factors in the rest of the forest, including other trees. Such issues attract
the interest of ecologists and population geneticists of course, but it should also be clear from this
diagram that these matters cannot be understood properly in isolation, and that that it is necessary to
understand these interactions in order to develop scientifically based forest management practices.

The interplay of selection pressures on trees, whether over evolutionary time scales, the life-
times of individual trees, or as pursued by humans over our rather shorter lives, are likely to be
quite subtle but still powerful nevertheless. Exceedingly little is known about what drives the
interactions between forest trees, however, because they almost certainly take place over times-
cales that fall well outside normal human lifespans.

It is essential that experimental approaches and models are developed for studying these phe-
nomena, however, because it is the interplay of various selection pressures on trees over assorted
time scales, that drives the structure of natural forests that we observe today.

tackle climate change. Unfortunately, at the time there was considerable uncertainty
about how to include forests in these plans, which led to numerous contradictions
and so called “perverse incentives” being included in the treaty, some of which are
still reflected in forest policies across the world today (Schulze et al. 2002, 2003).
Forests are far more complex than more heavily managed environments such as
farmland, and there is still much that we do not understand about them (Fig. 1),
because forests are essentially still wild, as are forest trees. Nevertheless, there is
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now a growing body of work showing that forests are key drivers of the world’s
climate (see the chapter in this book by Dave Schimel), with as much as a third
of all the historic emissions of CO, being attributed to deforestation alone, as
discussed by Canadell et al. (2007) and in the chapter of Grace et al. The role of
forests was still overlooked by many within the wider scientific community up
until the mid 2000s, however, such that it was still possible for the prestigious
scientific journal Nature to run a special issue on climate change in 2005 that
barely mentioned forests at all.

This began to change with the publication of the Stern Report in 2007, because
although it was an economic analysis rather than a scientific one, it dedicated con-
siderable space to the large role that forests play in greenhouse gas emissions, and
it’s suggestion that it would be worth paying the eight tropical countries with the
worst rates of forest loss up to $11 billion per year to prevent it, attracted much
attention.

This was followed shortly after by the 2007 Nobel Prize winning 4th Assessment
Report of the Intergovernmental Panel on Climate Change (IPCC), which thor-
oughly discussed how forests influence climate. Its analysis concluded that if the
current high levels of forest disturbance could be halted or even reversed by forest
restoration projects, especially in the tropics, this alone could offset up to 30 % of
global fossil fuel emissions over the next 50 years.

It also showed that much greater and longer term benefits could be obtained by
using sustainably produced wood products to displace much of the current depen-
dence on fossil fuels, through the production of bio-energy, fibre and bio-materials,
as well as extending the traditional uses of wood. These issues are discussed in the
chapters by John Grace et al.; Angela Karp; Ian Tubby, and Peter Hall and Michael
Jack, which address the developing use of wood as a feedstock for the production
of liquid biofuels.

Yet even these estimates are only based on what might be achieved at the current
levels of productivity if the available methodologies were fully utilised, begging the
question of how much more might forests and forestry be able to contribute, with
modern technological developments and a little more coordination, as discussed in
the chapter by Gardiner and Moore?

The adoption of modern technological methods to using forestry to meet carbon
sequestration, mitigation and production goals is essential, as it will enable the
development of novel goods and services that will offset the consumption of fossil
fuels, and also help speed up existing approaches, which is needed because large
amounts of time is a luxury that we do not have for solving today’s environmental
problems, as has been discussed previously by Fenning et al. (2008).

In order to fully appreciated the importance of forests globally, it needs to be
realised that while forests cover about 8 % of the earth’s total surface area, they
account for as much as 30 % of the earth’s atmospheric carbon cycle, which is
incredibly strong leverage as compared to the oceans, which cover 70 % of the
earth’s surface, but ‘only’ account for 50 % of the atmospheric carbon cycle, as
discussed in the chapters by Dave Schimel and Grace et al. Forests are very suscep-
tible to human interference for better or worse, however, but fortunately the
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community of foresters and forest scientist know much more about how to manage
forests for meeting multiple objectives, than ever before.

This encouraging prospect has not received as much attention as might be
expected, however, and in most countries forests and forestry is often still consigned
to the margins of the debate about how best to achieve global sustainability.
Presumably this is because many people in a position to influence the debate about
such issues simply do not understand the potential for using forests in this way.

This is not the case everywhere, however, as the excellent chapters by Nuyun Li
and Jianjun Hu et al. make clear, where they describe the intense efforts that China
is making to remedy many of it’s environmental problems with the aid of it’s forest
sector, after the potential for using forests to help put China on a path towards
sustainable development was recognised at the highest levels.

Nevertheless, although China’s efforts have started from a low base and there is
obviously still much to do, the high level of political support that these policies
enjoy there is a pre-requisite for such ambitious plans to succeed. It seems that the
failure to enact such plans elsewhere may be due at least in part to the failure to
communicate to a much wider audience the hugely valuable contribution that
forests and forestry can make for solving many of the world’s most intractable
problems. This indicates the urgent need for more effort in this area, although similar
points have been made many times previously (e.g. Sutton 1999, 2000; Fenning and
Gershenzon 2002).

However, despite any shortcomings in the delivery of forest services worldwide,
at least compared to what is possible, there is now increasing evidence that using
forest management and forest conservation strategies in this way is not only readily
achievable, but is also a ‘low risk’ option from an economic point of view, as
discussed by Valatin and Price in this book.

The urgent need to explain the huge value of forests and forestry to a much wider
audience is therefore clear, and how new technology working in concert with more
traditional approaches can be applied to solving long-standing problems in forestry
and forest research.

This book can naturally only play a small part in addressing issues as large as
these, but such an effort is still very much needed. Better coverage of the numerous
issues that affect tropical and boreal forests would have been merited and how they
might be affected by climate change, as well as the dangers posed by exotic diseases
and pathogens to forests worldwide, which is becoming such a major issue that it
would have been justified to dedicate even more space to it. Similarly, much more
could be said on the subject of forest resources, economics and industrial trends, as
well as the urgent need to conserve the germplasm of rare or endangered tree spe-
cies, by in situ or ex situ gene banks, the complexity of which is often underesti-
mated, but which affect many of the other issues addressed by this book.

Nevertheless, the subjects that are presented here do succeed in addressing a
broad and comprehensive range of subjects about how forests and forestry affect the
whole world, now and in the future. The articles in this book are written by leading
forest professionals and scientists and will be an invaluable resource for anyone
with an interest in forests, forestry or forest conservation.
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The division of the sections in this book are somewhat arbitrary, in that many of
the individual chapters contain elements that relate to more than one section.
However, each chapter was assigned to its particular section on the basis of its
principal subject matter and can be read as a stand alone piece. Where there is an
obvious overlap with other sections or chapters, this is sometimes noted to encour-
age further reading where relevant to the interests of the reader. In addition, many
chapters provide links to further reading on the subjects raised, to inform those
readers who might want to find out more about certain issues.

Part I of the book addresses the topic of Sustainable Forestry and Conserva-
tion Objectives. Paul McMahon of the Princes Rainforests Project launches the
book with a detailed analysis of the value of forests worldwide, but mainly
addresses the human and environmental problems that affect tropical forests. In
particular the failure of existing market or conservation mechanisms to generate
sufficient protection for these forests is discussed, along with possible alternatives
such as REDD and REDD+, as well as other initiatives supported by the Princes
Rainforests Project.

Bill Mason and Jiaojun Zhu of Forest Research in the UK and the Chinese
Academy of Sciences respectively, contrast and compare the histories of deforesta-
tion that affected both countries, together with recent efforts at re-afforestation.
They reveal the similar experiences of the two countries, not least the initial
tendencies to plant large, even-age blocks of a single species of trees, and the
subsequent recognition that multiple objectives are often better met by using mix-
tures of species and ages of trees, in systems such as continuous cover forestry.

Such forests are undoubtedly more demanding to manage, but fortunately this
indicates that important lessons in the development of sustainable forestry can be
shared by these two countries and that other countries might also be able to benefit
from this experience.

Mariella Marzano, Christopher P. Quine and Norman Dandy of Forest
Research in the UK further develop the theme of multi-functional forests, based on
the UK experience. In particular they make the case for developing a strong evi-
dence base to inform decision-making regarding the balance and trade-offs that
need to be made when choosing between different functions. They argue that the
interactions between recreation and conservation objectives should be assessed at
landscape scale, both in order to be sure that the benefits available from forests are
felt as widely as possible, and because the support of the public is needed if these
approaches are to be successfully maintained over the long term.

Simon Bell and Catharine Ward Thompson of Edinburgh University in the
UK explore how forest planning decisions and policies are perceived by the public,
and how people engage with them. They argue that with urban populations across
the world now outnumbering rural populations for the first time in human history,
such engagement is now a necessity.

Nuyun Li of the Department of Afforestation and Greening, state forestry
administration in China, describes the various approaches to forestry that have been
utilised in the People Republic of China since it was founded in 1949, from the
focus on production orientated forestry in the early years, to today’s efforts that are
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explicitly intended to develop fully sustainable forest and landscape management
approaches, to offset its greenhouse gas emissions in accordance with international
agreements.

This hugely ambitious programme is being developed within a framework of poli-
cies drawn up at the highest levels of the Chinese government, which were very publi-
cally promoted by the former President Hu Jintao. Nevertheless, as with much of the
rest of the world, the pressure on the land is increasing, so it remains to be seen how
far China can succeed with these efforts from its domestic forest base alone, but with
the scale of the resources that the country is dedicating to this objective, and in com-
bination with other renewable energy approaches and environmental management
efforts, much more progress will surely be made than would be the case otherwise.

Debal Deb of the Centre for Interdisciplinary Studies in India meanwhile, gives
a detailed but sometimes tragic account of how forest management schemes,
whether for commercial or conservation objectives, have sometimes adversely
affected indigenous forest peoples in India and elsewhere, past and present.
Numerous examples are presented as to how even well meaning forest management
efforts (let alone less well meaning ones) that failed to engage with the needs and
different values of these peoples have sometimes been less effective than they might
have been, or even resulted in serious damage to the affected forests, to the detri-
ment of both their wild and human inhabitants.

Adrian Whiteman of the FAO in Rome begins Part II (Forest Resources
Worldwide) with a thorough and comprehensive review of the current state of the
world’s forest resources, summarised from the FAO’s published data (FAO 2011),
along with a detailed analysis of the relevant trends and developments over the past
50 years. This data is, then extrapolated forward to determine how these same issues
and concerns might develop in future, region by region.

Amongst the many interesting facts and trends that are described, one of the most
notable is that while the world’s tropical countries still have high levels of forest
cover, they also have the highest rates of deforestation, probably because they are
still at a relatively early stage of their economic development, and so it seems likely
that their forests will continue to suffer from high rates of deforestation for some
time to come.

However, Adrian Whiteman does note that developing effective evidence based
forest policies to avert these high rates of deforestation can be successful, if rigor-
ously enacted and supported at the governmental and regional levels, and there are
signs that this is happening, as deforestation rates have fallen sharply across the trop-
ical regions in recent years. This indicates both that using forest conservation and
restoration projects to offset dangerous levels of climate change, as well as for
addressing other serious environmental problems, may yet succeed and that con-
certed policy interventions can work if well directed. In short, it appears that the
situation facing forests in the tropical regions is not as hopeless as the headlines
sometimes suggest.

Wink Sutton of Plantation Focus Limited in New Zealand, who has long been
known for his advocacy of plantation forestry (Sutton 1999, 2000), here describes
some of the constraints to increasing the use of wood as a renewable resource.
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He notes that although the current level of consumption of wood and wood
products is much less than the potential supply available from managed forests, the
ability to increase production by as much as might be desired in future will be
severely constrained in the medium term due to falls in replanting rates across
much of the world over the past 20 years. This illustrates the need for consistent
policies in forestry, and how the consequences of poor decisions may continue for
many decades after the short term political or financial considerations that caused
them have been forgotten.

From this it should also be clear that although humanity is more dependant on the
world’s forests than perhaps some people realise, conventional market mechanisms
and forestry do not always sit well together. For instance, the market for wood and
biofuels completes with other energy sources and materials on price. So, in order to
displace the use of concrete, steel, plastics or other fossil fuel dependent activities,
wood needs to consistently beat them both on availability and cost. This is hard to do
without reliable policies being in place to support the development of properly func-
tioning markets in sustainably produced forest products.

There is no time to waste, however, because as the chapters within Part III
indicate (Forests, Forestry and Climate Change), climate change is rapidly becoming
a real and active threat to many of the world’s forests, which may ultimately limit
our ability to use them to combat such problems.

David Schimel of the NASA Jet Propulsion lab in California gives an invaluable
account of how the current state of knowledge developed, both about climate change
itself and also of the huge leverage (or forcing) that forests exert over the earth’s
climate and atmospheric carbon cycle.

John Grace, James Morison and Michael Perks of the University of Edinburgh
and Forest Research in the UK, build upon this excellent introduction to the subject
with a comprehensive explanation of what is known about the effect of forests on
climate and vice versa, and discuss the possibility of adapting forest management
practices specifically for mitigating climate change.

They conclude that the prospects for using forests and forestry for mitigating
many of the worst effects of climate change are generally good, provided the politi-
cal will can be found to pursue this ambitious agenda and it can be reconciled with
other demands for land, as also observed in the chapter by Adrian Whiteman.

Perhaps the greatest concern is that as Adrian Whiteman also indicated, this is
likely to be hardest to achieve in the rapidly developing tropical belt, which is where
John Grace and colleagues observe that the biggest gains from forest conservation
and restoration need to be made, both for carbon sequestration by forests and
mitigating fossil fuel emissions by providing sustainably produced alternatives.

The implication of this is that resolving this policy dilemma must be the top
priority of international efforts if global climate change mitigation targets are to
be met, as well as for meeting conservation objectives and sustainable forest
production needs.

Patrick Tobin, Dylan Parry and Brian Aukema of the US Forest Service, the
College of Environmental Science and Forestry, at the State University of New
York, and the Dept. of Entomology at the University of Minnesota, respectively,
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discuss a possible mechanism by which climate change itself may exert devastating
effects on forests the world over. The processes they describe are especially
unpredictable, as they analyse how exotic organisms that have already been intro-
duced into forests all over the world from elsewhere, may alter their behaviour as
a regions climate begins to change. These organisms can then unexpectedly
emerge as a major threat, where previously they might have been so harmless as
to not even be noticed.

Most of the examples they cite are insects, but the same applies to other organ-
isms as well, and so as ever more such cases become apparent, the value of the
analysis presented here will become ever more pertinent.

Gregory Valatin of Forest Research in the UK and Colin Price who is a free-
lance academic living in North Wales in the UK, begin Part IV (The Economics of
Forestry) by analysing the cost-effectiveness of using forestry for climate change
mitigation, both in comparison to some of the alternatives under discussion at this
time, and also in relation to the complex issues of carbon sequestration and pricing.

They note that forest restoration projects such as those being suggested for
degraded land in the tropical belt, can only deliver their carbon benefit once, as the
additional carbon sequestered by forests will decline as they mature. This is not a
reason to object to such projects though, as the carbon benefits of any forest restora-
tion project begun today would continue strongly for at least 50—100 years before
tailing off, which is the most critical period for carbon mitigation efforts, while the
benefits of using sustainably produced wood for offsetting carbon intensive activities
would continue indefinitely.

The authors convincingly argue that the cost of using forests in this way the
world over compares very favourably with even the best of the many alternatives
that are being given attention currently.

Gregory Valatin continues with the theme of analysing the use of forests for
climate change mitigation. In this chapter, however, the issue of “additionality” is
explored, which is the accounting methodology by which the putative advantages of
different carbon mitigation activities are compared to one another, as well as to the
original activities which they may have been intended to replace.

The concept of additionality is an essential tool for the world’s carbon markets,
as it is needed for comparing the supposed benefits of different climate change miti-
gation activities, even if there is sometimes disagreement about how to apply the
principles. Sources of uncertainty and trade-offs in practical application of the con-
cept are highlighted, and the potential for perverse incentives also explored.

Much has indeed been written about the enormous influence and complexities of
forest economics, but David South of Auburn University, Alabama, USA, addresses
the often overlooked issue of how forest management objectives can be affected
by the underlying attitude of the owners or managers of a forest to money, as well
as to the forests themselves, and also the type of economic system employed by the
land-owner or their government. Examples are presented that show how this can be
a key driver of long term changes in forest management structures and outcomes, in
ways that were not necessarily anticipated or intended when the management plans
were first drawn up.
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Part V (Tree Breeding and Commercial Forestry) begins with a chapter by
Gabriel Dehon Rezende, Dr. Marcos Deon Vilela de Resende and Teoténio
Francisco de Assis of the RIAZ-Forest and Paper Research Institute, Portugal, the
Agricultural Research Corporation of the Federal University of Vicosa, Brazil, and
Assistech Ltda., Brazil, who describe how their tree breeding programme for
Eucalyptus ssp. has been organised from a scientific as well as a practical point of
view. It is these programmes that have generated the tremendous gains in productivity
in Brazil in recent years, with yields in excess of 80 m*.ha.yr! on a 5-10 year rotation,
which is helping to turn Brazil into the powerhouse of the world’s forestry sector.

Forest conservation objectives will probably be much easier to achieve, if sus-
tainably managed production orientated forests, can offer a good rate of return on
the public or private capital invested. This will drive more investment into respon-
sible forestry and away from depleting natural forests, than would be the case if the
sector remains dependent on state subsidies, as the public funds available to support
forestry will always be limited.

Yill-Sung Park of the Canadian Forest Service in Fredericton, Canada, describes
the exciting gains that have been made there in recent years there, by integrating
traditional tree breeding approaches with modern molecular and biotechnological
tools, including advanced plant tissue culture methods such as somatic embryogen-
esis and the cryo-storage of rare or valuable cell lines.

Yill-Sung Park calls this combined approach multi-varietal forestry (or MVF),
since it enables those trees with superior traits that have been produced by breeding
or other improvement programmes to be identified, conserved and then propagated
according to the needs of the forest industry at any one time. Considerable success
has been achieved with this approach in Canada with the native white spruce species
(Picea glauca), but it is also being extended to other conifer species and there is no
reason in principle why it cannot be applied to almost any tree species. A version of
this approach is indeed being used when breeding improved Eucalypts in Brazil, as
discussed in the previous chapter.

Yousry El-Kassaby, Fikret Isik and Ross Whetten of the Department of Forest
Sciences at the University of British Columbia, Canada and the Department of
Forestry and Environmental Resources at North Carolina State University, USA,
meanwhile introduce us to another aspect of modern tree breeding that has the
potential to profoundly change the way that tree breeding is organised in future:
Namely how the increasing availability of high throughput DNA sequencing will
enable the genomes of many different organisms to be contrasted and compared
quickly and cheaply, including numerous individuals within the same species. This
will have tremendous effects on how research is organised in all areas of forest
research and tree breeding, another example of which is given in the chapter by
Andrew Groover and Stefan Jansson.

In combination with the ever more powerful computers used for analysing the
vast amounts of data produced and the high density genetic maps that are being gen-
erated, many new approaches in tree breeding are becoming both possible and afford-
able. For instance, it is now becoming routine to reconstruct the pedigree of all the
trees in an area of forest without any direct knowledge of either of the parents.
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If the power of this technology seems intimidating, however, it should be
noted that it will not replace the other approaches and methodologies discussed
here, nor will it replace the knowledge or experience of foresters or other profes-
sionals, but instead will build on what they have to offer, as well as enabling new
areas of cooperation to develop, such as between forest geneticists and remote
sensing approaches.

Heidi Dungey, Alvin Yanchuk and Richard Burdon of Scion, New Zealand
and the British Columbia Ministry of Forests, Canada, give a comprehensive review
of how to organise a tree breeding programme from first principles, and how to
manage all aspects of the process, including the changing expectations of foresters
and funding agencies alike.

This chapter also reminds us that the funding bodies that oversee public research
programmes also need to restrain themselves from imposing excessive burdens and
costs on the actual business of tree breeding, such as by unnecessary or poorly thought
through bureaucratic demands, which can end up impeding progress rather than improv-
ing efficiency. The authors strongly argue that a better balance needs to be struck
between funding and administrative agencies, academic science and technical provid-
ers, if tree improvement programmes are going to continue to be successful in future.

Dag Lindgren who is an emeritus professor at the Swedish University of
Agricultural Sciences in Umed, Sweden, urges us not to forget the need to maintain
the basic infrastructure of tree improvement and forest management programmes,
noting that the huge gains in productivity and the excellent value for money they
have given us, have been delivered by using seed orchards in support of tree breeding
the world over.

Dag Lindgren notes that seed orchards will continue to make a large contribution
to the future physical and ecological realities in our countries and also form the
foundation of many more sophisticated forest based activities, as described else-
where within this book. Dag Lindgren also asserts that forest activities such as these
should therefore be seen as a moral activity, which might at first seem to be an
unusual statement for a scientist to make about their profession, but such thoughts
are probably a motivating factor for many people who work in the forest sector.

Part VI (Biotechnological Approaches) begins with a chapter by Hely
Higgman, Suvi Sutela, Christian Walter and Matthias Fladung of the University
of Oulu, Finland, Scion Research, New Zealand and the Institute of Forest Genetics,
Grosshansdorf, Germany. They thoroughly review the scientific literature about the
biosafety risks that transgenic trees might pose to the wider environment, if they
were ever planted outside of closely monitored scientific trials for commercial or
other purposes.

It is clear from this analysis that although GM trees will certainly not be suitable
for every situation, to date no valid scientific objections to the responsible use of
them outside of the controlled field trial have yet been identified or upheld. Political
or cultural objections to their use may continue for some time, however, which can-
not be ignored when drawing up forest management and conservation plans, but it
can no longer be argued that GM trees present any special risk or danger to the
environment that cannot be managed, merely on account of their transgenic status.
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Armand Séguin, Denis Lachance, Annabelle Déjardin, Jean-Charles Leplé
and Gilles Pilate of the Canadian Forest Service, Québec, Canada and the INRA
Amélioration, Génétique et Physiologie Forestieres institute at Ardon in France,
continue with the theme of GM trees by giving a valuable account of how the tech-
nology of genetically engineering came about in the first place, before ultimately
being applied to trees for the first time in 1987.

The authors make it clear that this is still far from being a routine procedure
for trees, and that even now only relatively few clones of a limited number of
species have proved amenable to genetic manipulation, and that the principle use
of GM trees has so far been for research purposes only. However, they also
discuss and advocate the adoption of this technology for environmentally
responsible applications.

They also argue that scientifically validated field trials must be developed in
tandem with work to improve the utility of GM technologies, so that the best scientific
evidence for environmental risk management of the latest GM plants is immediately
available to regulatory agencies as soon as it is needed, so that the numerous
benefits that GM trees can offer are maximized, while retaining public confidence.

Kevan and Jill Gartland of Glasgow Caledonian University in Scotland, pro-
vide an overview of the present status and likely future trends in forest biotechnol-
ogy in general, and not only as regards GM. They discusses the numerous objectives
for which forest biotechnological tools are being developed and applied, as well as
addressing the societal issues that affect our judgments about how to best use these
emerging technologies, and whether we want to use them at all indeed.

They observe that there is a widespread support within the community of
biotechnologists for utilising such methods in pursuit of environmental goals,
although this article also highlights the different approaches being adopted by
different countries to forest biotechnology, sometimes due to different ideas as to
what is meant by ‘sustainable development’ or ‘the precautionary principle’, and
how they are being implemented.

The need for biotechnological approaches for tackling some very specific but
intractable forest conservation problems is also discussed, including efforts to save
certain tree species that are threatened with extinction, either due to the introduction
of exotic diseases or due to the negative effects of climate change. Examples include
elms that are endangered by Dutch elm disease, and the American chestnut that has
been devastated by chestnut blight.

Jianjun Hu, Lijuan Wang, Donghui Yan and Meng-Zhu Lu of the
Biotechnology Lab, Research Institute of Forestry, Chinese Academy of Forestry,
Beijing, China, meanwhile describes the hugely impressive progress and investment
that is being made there, in utilising GM approaches for solving many of the most
intractable problems that affect that country’s forests. This chapter should be read in
conjunction with the chapters by Bill Mason and Jiaojun Zhu and that of Nuyun Li,
in order to understand the enormous effort that China is currently putting into its
forest sector, of which the work described here is but a part.

The genetic engineering research programmes described by Hu and colleagues
are mainly focused on conferring insect resistance traits to a limited range of clones
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of various Populus ssp. or hybrids, to help ensure their reliability for use as shelter
belt trees or for restoring forest cover in environmentally degraded areas. However,
the objectives of these programmes are being rapidly expanded to address other
environmental problems, such as resistance to microbial pathogens and drought
tolerance, and also the conservation of rare or endangered species, in anticipation
of the adverse effects of climate change.

Part VII (Genomic Studies with Forest Trees) begins with an fascinating
chapter by Wellington Muchero, Jessy Labbé, Priya Ranjan, Stephen DiFazio
& Gerald (Jerry) Tuskan of the Department of Energy Oak Ridge National
Laboratory, Tennessee, USA, the University of Tennessee at, Knoxville, USA and
West Virginia University at Morgantown, USA, who describe some recent exciting
discoveries emanating from the ongoing genomic studies with various Populus ssp.

The black cottonwood (Populus trichocarpa) became the first tree to have it’s
genome sequenced in 2006 and since then over 400 clones or hybrid genotypes have
been resequenced as part of this ongoing programme. This has generated a genetic
database of unparalleled depth for forest trees, enabling the construction of high
density genetic maps for entire populations of this species.

This has led to the discovery that large-scale insertions and deletions (also called
INDELSs) are common in populations of these trees, which were not readily appar-
ent from the individual sequencing results alone. The evolutionary relevance of
these INDELSs is discussed, including their likely role in pathogen recognition and
signal cascades, which has implications for understanding the population dynamics
of many tree species and not only Populus ssp.

Andrew Groover and Stefan Jansson of the USDA in Davis, USA and the
Umea Plant Science Centre, Sweden, address a different set of evolutionary insights
that are emerging from the large scale sequencing efforts that are underway for
many tree species. They remind us that trees are not a single phylogenetic group of
plants, but that the tree habit has been gained and lost in different plant lineages
many times in the earth’s history, which has implications for our understanding of
how certain traits that we usually associate with trees evolved, such as perennial
growth and wood formation.

They argue that comparative genomic studies between distantly related tree species
can be used to identify common mechanisms for regulating such traits more
efficiently than could be achieved by working with a single species. The relevance
of this approach for adding to our knowledge of wood formation is discussed,
emphasising the need for more such studies in order to increase the pace of discoveries
about the biology and ecology of trees.

Angela Karp of Rothamsted Research UK, begins Part VIII (Bio-energy,
Lignin and Wood), with an introduction to the numerous and diverse uses of
willows (Salix ssp.), including the potential of using it as a feedstock for biofuels
and industrial chemicals.

After a great deal of selection and breeding work, the outstanding potential
of willows has at last been recognised, such that it is now providing commercial
quantities of sustainably produced renewable biomass to the energy industry,
including for co-firing with coal in electrical power stations and for dedicated
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biomass boilers of all sizes. These applications have already resulted in an
increased acreage of willows being planted in the UK, and may soon result in
very large scale plantings world-wide.

Meanwhile Ian Tubby of Forest Research, UK, foresees that although the devel-
oping energy markets for woodfuels such as willows have the potential to transform
British forestry, many traditional broadleaved woodlands in the UK have fallen out
of use in the decades since the Second World War, and that a considerable effort will
be needed to bring them back into production.

This should not be seen as being bad for the environment, however, because this
lack of management has caused many of these woodlands to become over-mature,
which has contributed to a decline in biodiversity indicators. The emergence of
viable markets for renewable woodfuels and the funds that will consequently flow
into the forest sector, is therefore likely to stimulate a renewed interest in woodland
management and so reverse the decline in the biodiversity of the UK’s native
woodlands.

However, the UK has a high population density and high per capita energy
demand, and so it’s existing forest resource can probably only supply a fraction of
the country’s total energy needs, albeit one still worth having. This will most likely
lead to more woodlands being established, provided appropriate legal frameworks
and policies in support of using renewable energy sources are put in place. Ian
Tubby also predicts that the way wood is used to produce energy is likely to change
in the future, as progress is made into converting wood into liquid fuels, and the use
of biomass fired power generation is extended to help deliver carbon negative energy
projects, which is the ultimate aim of all renewable energy plans today.

Peter Hall and Michael Jack of Scion, New Zealand give a detailed account of
the opportunities and problems facing the forest sector there, which is similar in
some ways to the situation facing the UK, and contrasting in others. The most nota-
ble difference between the two counties being that New Zealand has a modest popu-
lation and a relatively large forested area.

Their analysis of New Zealand’s bioenergy resources demonstrates that wood
residues that are currently going to waste are the country’s largest bioenergy
resource, at least up until the 2040s. Projected falls in wood supply may constrain
matters after this, however, due to the long term effects of low planting rates over
the past 20 years (as discussed in the chapter by Sutton). But, this should be seen
as a reason to support the forest sector, rather than being used as an excuse for
further inaction.

Even without impacting the supply of wood to the rest of New Zealand’s economy
or postulating any increase in plantings over current trends, the authors note that this
surplus volume of wood residues and pulp logs alone could produce sufficient liquid
fuel to meet 5-6 % of the country’s total demand, or >15 % of the requirement for
diesel, and much more could be easily achieved with a moderate effort.

However, Peter Hall and Michael Jack also note that forestry currently suffers
from a lack of organisation globally, which is having negative effects in forest
planning, R&D in general and specifically for developing appropriate systems and
processes that are needed to achieve the desired goal of global sustainability,



Introduction 15

and lastly the training of sufficient numbers of suitably qualified people for the forest
sector to thrive. Providing these things requires the involvement of both private and
public resources as well as long term planning, not unlike the original green revolution
that succeeded in delivering food security in the aftermath of World War II.

Barry Gardiner and John Moore of INRA, France, and Scion, New Zealand,
conclude this section with a thorough analysis of current wood consumption and
supply patterns across the world, noting that the growing demand from the rapidly
expanding economies of China, India and south-east Asia, is likely to drive an
increase in the consumption of industrial roundwood globally of between 1.3—1.8 %
per year up to 2030.

The authors continue by addressing what the needs of these emerging economies
are likely to be and how they might best be met. They suggest that this growing
demand can be best supplied by developing sophisticated tools such as remote sens-
ing for fine tuning forest management and harvesting regimes, and tools for making
detailed measurements of wood properties of individual trees in real time as they are
being harvested. If systems can be put in place to track these results through the
entire supply chain, they suggest that it should be possible to direct exactly the right
type and quality of wood to each customer, and so drastically increase the efficiency
of wood usage and reduce wastage.

Such technologies will not only result in large gains in the productivity and
profitability for the world’s wood industries, which in itself would be no mean
achievement, but in so doing will improve the consistency of wood products and
increase their competitiveness, further stimulating the demand for such products.
Most impressive of all is the dramatic reduction of wastage this will make possible,
with gains of up to 50 % in net value recovery being possible, showing that making
better use of the world’s existing wood production will go a long way towards over-
coming any potential limitations in supply.

Part IX (Forest Science, Including Ecological Studies) begins with an excellent
and insightful chapter by Adam Wymore, Helen Bothwell, Zacchaeus Compson,
Louis Lamit, Faith Walker, Scott Woolbright & Thomas Whitham, that
summarises many years of research findings in the field of community genetics at
North Arizona University, USA. Community genetics being the study of the genetic
variation of ‘foundation species’ such as trees, which drive key ecological processes
and thus dominate the environment around them, including its biodiversity.

The main findings of this work are that different genotypes of an individual tree
species may support different communities of other flora and fauna, and so indi-
vidual genetic traits of a tree can influence many other ecosystem processes. These
findings also correlate well with the recent discoveries of the poplar genome
program, as described in the chapter by Wellington Muchero et al., which suggests
a genetic mechanism by which these interactions are mediated. Primary productivity
has a genetic component too and so also has effects on biodiversity as well as carbon
sequestration, suggesting that the importance of studying community genetics will
only increase with time.

Sanford Sillman of the University of Michigan, USA, discusses biogenic emis-
sions into the atmosphere other than CO,, such as the volatile organic compounds
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(VOCs) that are often associated with forests, including the terpenoids that are
primarily responsible for the characteristic smell of many trees and flowers.
Unfortunately these volatiles can interact with anthropomorphic emissions such as
nitrous oxides (NOx) produced by combustion processes, which contribute to the
formation of ground level ozone and photochemical smog.

Smog and ground level ozone adversely affect both human health and the health
of natural environments that are exposed to them, potentially including the very
forests that may have produced the VOCs that have contributed to the problem.
Unfortunately VOCs and NOx can also sometimes combine far downwind of
the original sources of these compounds and so cause problems in apparently
unpolluted areas, and so with urbanisation increasing rapidly across much of the
world, these problems are likely to increase significantly and so cannot be ignored
in forest planning.

With this in mind, in future it might even be regarded as irresponsible for forest
planners to proceed with planting large numbers of trees that are known to be high
emitters of VOCs near to urban centres known to be major sources of nitrous oxides.
Such species include many coniferous and Eucalyptus species.

Hilke Schroeder and Riziero Tiberi of the Federal Institute for Forest Genetics,
Germany and the University of Florence, Italy, discuss the complex ecological
interactions of herbivorous forest insects with their hosts and predators, through the
example of the lepidopteran oak leaf roller moth, Tortrix viridana, which is a major
pest of various oak species throughout much of Europe. The ebb and flow of this
species on its host species is an important example to study not only because it can
be very destructive even in normal circumstances, but also because the frequency
and severity of its periodic outbreaks and also its range are increasing, probably due
to a warming climate.

The chapter by Stephanos Diamandis of the Forest Research Institute near
Thessaloniki in Greece, notes that forests have survived severe changes in climate
and other calamities many times in the past, and will undoubtedly also survive
the present world crisis in some shape or form. However, they are also likely to
be substantially changed by it and probably not for the better, or at least not in any
time frame of interest to the current human population of this planet.

This chapter addresses the various mechanisms by which climate change may
damage the world’s forests over the coming decades, such as the increasing risk
of major fires, but concentrates on the threat posed by insect pests and microbial
pathogens. Numerous examples are given of alien invasive species that are causing
increasing problems around the world at this time, resulting from the globaliza-
tion of trade, which is resulting in huge costs to tax payers as governments try to
control them. This chapter should be read in conjunction with that of Patrick
Tobin et al. in Part III, which addresses how these problems might be anticipated,
as the climate changes.

This chapter concludes by noting that the damage caused by these and other
environmental problems can probably be contained, or at least limited, provided the
political will exists to do so, but that they will continue to cause major problems,
if the support for taking the necessary action is lacking.
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Sarah Green, Bridget Laue, Reuben Nowell and Heather Steele of Forest
Research and the University of Edinburgh, UK, provide a fascinating insight into
how a single exotic pathogen that has appeared in Europe in the last decade, has
devastated the European horse chestnut (Aesculus hippocastanum). Trees were
observed to be suffering from a new form of bleeding canker on their stems which
ultimately kills them, firstly in continental Europe and more recently across the
UK as well.

The causal agent of the disease was identified as a new species of pathogenic
bacterium; Pseudomonas syringae pv. aesculi. It is thought that this bacterium
originated in India on the Indian horse chestnut, and was probably introduced to
Europe via the plant trade (as highlighted by Brasier 2008). A vigorous programme
of work has been initiated to study and tackle this disease, including the develop-
ment of rapid PCR based diagnostic tests and the sequencing of the genome of this
bacterium. These results have shown that there is only one strain of this organism
across the whole of Europe, which suggests that the outbreak is probably the result
of a single introduction event.

Whether this information can be used to develop an effective control strategy
remains to be seen, but this work gives a fascinating insight into how a single act of
carelessness can kill large numbers of trees across an entire continent.

Juan Suarez of Forest Research, UK, closes this book with a discussion of the use
of airborne LiDAR and other remote sensing techniques which enable the accurate
monitoring and measuring of forest parameters down to the level of the individual
tree, as well as the modelling and mathematical approaches needed for analysing
the data generated. The potential of such methods for assessing large areas of forest
in real time and so helping set production or conservation priorities, or potentially
even for identifying and monitoring disease outbreaks, should be self evident to
anyone involved in forestry or forest science today.

Concluding Remarks

The forests of the world have much to offer for mitigating many of the most serious
environmental and other concerns of the age, although much more needs to be done
if this potential is ever to be fully realised. These benefits will also be greatly boosted
by the application of modern approaches, which have tremendous implications for
how forestry may be conducted in future.

Similar issues were encountered during the 1st green revolution, however, when
the acute global food insecurity after World War II was overcome by the combined
efforts of public and private research institutions, government action and subsidies
in support of private investment, as well as concerted international cooperation.
Although some of the lessons of that era may have been forgotten, it is at least
conceivable that if a similarly vigorous effort were made in relation to managing our
forests today, then at least some of the most serious concerns could be more readily
dealt with than currently seems possible.
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It has to be hoped that the ongoing efforts of foresters, forest scientists,
bio-engineers, conservation groups, climatologists and the relevant regulatory
authorities will be successful in dealing with these problems sooner rather than
later. In particular, concerted efforts are needed to develop and apply the best forms
of sustainable forest management worldwide, including appropriate regulatory
oversight and good governance, because poor practice can not only damage the
local environment where this occurs, but risks undermining public confidence in
the whole enterprise, as may have happened in the past. And as discussed in the
chapters of this book, some of these problems are both severe and urgent, however,
and so we cannot afford to overlook the opportunity that forests can offer for helping
to address these issues.

Although it would be incorrect to suggest that forests and forestry alone can be
used solve all of the environmental problems that currently concern us, the influence
of forests over many of these issues is so large that it is probably no exadgeration to
claim that policies that put forests, forestry and forest research at the centre of their
plans for tackling these problems will have a good chance of succeeding, while
those that overlook them, will almost certainly fail.

Governments as well as scientific and funding insitutions all over the world
need to grasp this hugely impressive potential, and respond positively to the
challenges and opportunites that are being offered by forests and forestry in the
twenty-first century.
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A Burning Issue: Tropical Forests
and the Health of Global Ecosystems

Paul McMahon

Abstract Tropical forests are in the front line of efforts to tackle climate change.
This article provides an overview of the ecosystem services that tropical forests
provide, the way in which rates of deforestation have changed over the past 20
years, and the economic drivers of tropical deforestation around the world. It
describes recent intergovernmental efforts to reduce deforestation, both through a
proposed UNFCCC REDD+ mechanism and through interim finance or ‘Fast Start’
partnerships that seek to achieve results between now and 2020. There has never
been a better opportunity to forge international cooperation on this important envi-
ronmental issue, but progress so far has been slow.

1 Introduction

Forests cover 3.7 billion hectares of the planet’s surface, or 30 % of the global land
area. Almost half of these forests are found in tropical areas (44 % of the total area),
about one-third in boreal (34 %) and smaller amounts in temperate (13 %) and sub-
tropical (9 %) domains. But whereas the amount of land under forest is growing in
the boreal, temperate and sub-tropical zones, tropical forests are shrinking. Millions
of hectares of forest in South America, Africa and Southeast Asia are cleared each
year and converted to other uses (FAO 2011). These forests — in particular the
humid tropical forests (or rainforests) which occupy approximately 1.2 billion
hectares — constitute some of the most carbon-rich and biodiverse ecosystems in the
world (Hansen et al. 2008). This puts tropical forests in the front line of the struggle
against climate change.
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This article will describe the valuable ecosystem services that tropical forests
provide to the world. It will look at the scale and distribution of tropical defor-
estation and seek to understand why the trees are being cut down. It will consider
the types of solution that have been put forward to reduce tropical deforestation,
both through the UN Framework Convention on Climate Change (UNFCCC) and
through more flexible interim measures that are not dependent on a comprehensive
climate deal. Progress has been slow but there is growing consensus on the types
of international programmes that can work; there is a greater desire than ever
among forest nations and the international community to put these solutions into
practice; and, encouragingly, there is evidence that the rate of tropical deforestation
is beginning to slow.

2  Why Rainforests Matter

Rainforests provide important ecosystem services to all of us. They store water,
regulate rainfall and contain over half the planet’s biodiversity. Most importantly,
they play a crucial role in climate change, both as cause and as part of the potential
solution. The continued destruction of these forests could have serious conse-
quences for human well-being.

2.1 The Front Line of Climate Change

Forest ecosystems draw down atmospheric carbon dioxide through photosynthesis and
store it in biomass and other carbon stocks. Rainforests are particularly carbon-rich.
Huge amounts of carbon are stored in the trunks, branches and leaves of trees: there can
be 100-300 tonnes of carbon in each hectare of above-ground biomass. The roots and
soils below often contain even more carbon: for example, the rich, black peatlands in
Indonesia can store almost 1,500 tonnes per hectare. In aggregate, there is more
carbon stored in tropical forests than in the atmosphere. Deforestation and forest
degradation — through the decomposition and burning of plant matter and the oxidation
and burning of soils, especially peatlands — release this carbon into the atmosphere.

The Intergovernmental Panel of Climate Change estimates that the global forest
sector accounts for 17 % of anthropogenic greenhouse gas emissions — approximately
7-8 Gigatonnes of CO, equivalent (CO,e) each year (IPCC 2007). This would
mean that forest emissions are greater than the entire transport sector, or larger than
the annual emissions of the USA or China. More recent research indicates that
forest emissions are even higher, accounting for more than a quarter of all emissions
stemming from human activity between 1990 and 2007 (Pan et al. 2011). It is esti-
mated that more than 95 % of these emissions are caused by tropical deforestation
(Houghton 2003).
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But that is not the full story. Healthy tropical forests keep on absorbing carbon
dioxide from the atmosphere, drawing it down through photosynthesis and storing
it in trees, plants and soils. One study estimates that tropical forests may soak up an
extra 4.8 billion tonnes of CO,e each year, close to 10 % of the emissions caused
each year by human activities (Lewis et al. 2009). Therefore, as we pump more and
more carbon into the air by burning fossil fuels, trees take some of it out of the
atmosphere and store it away. If we destroy the forests we will lose this natural
balancing mechanism, and our carbon emissions will run even further out of control.
Governments around the world are now channeling billions of dollars into develop-
ing carbon capture and storage technologies for coal-fired power stations. Tropical
forests do the same for free.

It will be extremely difficult to develop a sufficiently fast and adequate
response to climate change that does not include an effective programme to
reduce tropical deforestation. Research by McKinsey & Company indicates that
in order to keep global warming below 2 °C by the end of the century — and
therefore avoid the worst effects of climate change — the world will need to
reduce its global CO,e emissions, relative to business-as-usual, by 17 Gigatonnes
per year by 2020. Action must be taken immediately, as each year of delay
makes it more difficult to get on the right pathway. The forest sector offers one
of the largest opportunities for carbon abatement. Reducing tropical deforesta-
tion could contribute over 5 Gigatonnes of CO,e per year of avoided carbon
emissions between now and 2020. It could also do so rapidly and at a low cost
relative to other measures. Without addressing the issue of tropical deforesta-
tion, it is difficult to see how the world can achieve climate stability (McKinsey &
Company 2009).

2.2 Biodiversity

Apart from regulating the carbon cycle, tropical forests provide many other vital
ecosystem services. Rainforests are the most biologically rich ecosystems on our
planet, the product of tens of millions of years of evolution. Although they cover
only 5 % of the earth, they contain over half of the world’s animal and plant spe-
cies (The Prince’s Rainforests Project 2009). This biodiversity has great medical
and economic value. Rainforests have been the source of compounds vital to the
discovery of modern medicines. According to the US National Cancer Institute,
more than 70 % of plants with anti-cancer properties are found in the rainforests
(National Geographic 2012). Agricultural scientists have also used wild rainforest
plants to breed cultivated crops that have higher yields and more resistance to
pests and diseases. Most of the species that exist in rainforests are still inade-
quately researched, their potential value to humanity and to the maintenance of
environmental sustainability, as yet unknown. This biodiversity is being lost
because of deforestation.
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2.3 Rainforests and Water Regulation

Rainforests also help to regulate water cycles and rainfall patterns. During tropical
storms, roots hold the soil together and absorb water, while during dry periods trees
transpire vast amounts of water vapour from their leaves. They also release tiny
particles, called volatile organic compounds, around which water droplets condense
to form clouds and eventually rain. A rainforest acts like a huge sponge, absorbing
water when it is plentiful and releasing water when it is scarce.

This action prevents catastrophic flooding and soil erosion during wet seasons
and ensures a regular flow of clean water during dry seasons: this is why vast river
systems, such as the Amazon and the Congo, never run completely dry. In contrast,
deforestation can lead to flash floods and soil erosion, the drying of rivers and the
silting of irrigation channels, with devastating consequences for those who live in
these regions.

This water regulating effect can also be felt much further away. Moisture from
the forest is carried by high-altitude winds, falling as rain on centres of population
and farming thousands of miles from the forest. Some models suggest that the
removal of rainforests could result in reductions in rainfall globally, including in the
American Mid-West and parts of Central Asia (Avassar and Werth 2004, 2005). At
a regional scale, water vapour from the Amazon contributes to rainfall patterns that
are vital to the agricultural heartlands of southern Brazil and the La Plata Basin in
Argentina, as well as to Brazil’s hydro-electric power system (Morengo 2009).

2.4 Unique Human Cultures

An estimated 1.6 billion of the world’s poorest people (those surviving on less than
$2 per day) rely to some extent on forests for their welfare and livelihoods. About
300 million people depend on forests for their survival (World Bank 2008). These
people include subsistence farmers, hunters, small-scale loggers, extractivists such
as rubber-tappers, and harvesters of nuts, berries, fruits and medicinal plants. Wild
products from the forest can be an important source of nutrition and income for
local communities in developing countries, in particular during periods of food
shortage.

The fate of indigenous people is especially closely linked to tropical forests.
There are approximately 60 million indigenous people who rely on forests for
their way of life (Secretariat of the Convention on Biological Diversity 2009). The
destruction of tropical forests can have a catastrophic effect on indigenous people
who live there. The encroachment of outsiders can lead to violence, land theft,
the abuse of rights, and the destruction of the natural resources that provide suste-
nance. The introduction of ‘new’ diseases is sometimes the most devastating result.
We have a duty to respect the rights of these people and to ensure that our demands
do not lead to harm.
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3 Rates and Causes of Deforestation

Whereas the area under forest is growing in temperate, boreal and sub-tropical regions,
tropical forests are contracting. The latest figures from the UN Food and Agriculture
Organization, based on analysis of satellite imagery, indicate that just over 8 million
hectares of tropical forest were cleared each year between 1990 and 2000. The rate of
deforestation rose to 10 million hectares per year between 2000 and 2005. (About 2
million hectares per year were also converted back to forest during this period, so net
forest loss was slightly lower (FAO 2011).) Another study estimates that humid
tropical forests, or rainforests, accounted for approximately 6 million hectares of
deforestation per year between 2000 and 2005 (Hansen et al. 2008).

Tropical deforestation has slowed since then. One study estimates that the rate of
deforestation has fallen by 42 % between 2006 and 2011. The biggest decline has
taken place in Brazil, where the rate of deforestation has halved. This has a major
impact on global figures, as Brazil accounted for three-quarters of tropical defores-
tation in 2005 (Wheeler et al. 2011). Indeed, Brazil’s halving of deforestation
represents the greatest single reduction in greenhouse gas emissions by any country
over the past decade. The fall in deforestation is partly due to concerted government
action at national and international level (progress that will be explored later in this
article). But it is also a consequence of the slowdown in the global economy since
2008. This illustrates how tropical deforestation is increasingly driven by global
commodity markets and global economic activity.

3.1 From Axes to Chainsaws

The nature of tropical deforestation has changed over the past three decades.
Traditionally, deforestation was associated with the subsistence activities of local
people. Poverty and land scarcity pushed farmers to clear native forest for agricul-
ture, often using ‘slash and burn’ techniques. People chopped down trees to provide
firewood, charcoal or timber for buildings. The products generated were either
consumed by families or traded locally, but they did not reach foreign markets.

Increasingly, however, tropical deforestation is being driven by commercial
operations linked to global markets. In Indonesia and Brazil, a growing proportion
of deforestation is caused by export-led agricultural expansion. Palm oil, beef and
soybeans are the key commodities. In other areas, cocoa, coffee and rubber produc-
tion play a role, while mining and biofuels cause forest loss. The wood products
industry is also a significant driver of destruction. Valuable trees are logged for
hardwood timber and whole areas are clear-felled for pulp and paper factories.
Much of the tropical timber — perhaps over half — is harvested illegally.

Rather than having a single cause, deforestation sometimes occurs because of the
complex interplay between these activities. For instance, in South America land can
be opened up with roads by logging companies, then slashed and burned by migrating
subsistence farmers, cultivated for a few years, sold over to cattle ranchers and then
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bought by soybean farmers. Each stage can generate very different economic returns:
the small-scale farmer may earn $2 or $3 per hectare, the cattle rancher $400 and the
soybean farmer $3,000 (Grieg-Gran 2008). The potential to convert the land to more
valuable uses motivates each individual, as well as the land speculators who act as
intermediaries. Much of this activity may be illegal under national laws. Unclear own-
ership and user rights to forested land further complicates the picture.

The dynamics of deforestation are local, but the commodities go to feed global
demand. Much of the beef, soya and palm oil produced in tropical countries is
exported. It ends up on supermarket shelves, in restaurants, or — in the case of palm oil
used to produce biodiesel — in the fuel-tanks of cars. Growing demand from fast-
developing economies such as China is turbo-charging this consumptive process.
The relentless growth in the world population — expected to increase from 7 to 9
billion by 2050 — will provide further impetus. For example, the UK Government’s
Gallagher Review estimates that growing demand for food, feed and biofuels is likely
to require an additional 200-500 million hectares of agricultural land in the next
decade (The Gallagher Review of the Indirect Effects of Biofuels Production 2008).
This will place even more pressure on the tropical forests of the world.

3.2 Regional Differences

The rates and causes of deforestation differ from continent to continent. In recent
years, most rainforest destruction has taken place in South and Central America,
which has the largest area of rainforest in the world. In Brazil, cattle ranching and
associated land speculation are widely recognized as being the main drivers of
deforestation. The clearing of land for cattle by poor families bestows de facto own-
ership rights to land, albeit often illegal. Cattle ranchers’ migration into the Amazon
biome is also partly caused by the expansion of soybean cultivation in drier areas,
which has pushed ranchers north into the forest frontier.

Southeast Asia has the highest rate of deforestation relative to the size of its for-
ests. Logging for timber and pulp and paper, as well as subsistence and commercial
agriculture, are the main drivers of deforestation. In Indonesia and Malaysia,
logging, often followed by the establishment of palm oil or pulpwood plantations,
is the main cause of the disappearance of forests.

The African continent had the lowest rate of tropical deforestation between 2000
and 2005, relative to the size of its forests. The relatively low rate of deforestation
in this region can be explained by the lesser importance of commercial agriculture
and logging as drivers of deforestation; instead, most forest is still cleared for sub-
sistence agriculture or fuelwood. However, commercial logging activities are multi-
plying, facilitated by improved transport infrastructure. Large-scale agriculture is
also increasing and is likely to account for more deforestation in the future, as land
for agricultural expansion grows scarce on other continents (Data on Rates of
Deforestation is Taken from Hansen M et al. 2008; Drivers of Deforestation is from
Blaser J and Robledo C 2007).
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3.3 A Market Failure

The causes of deforestation may differ from region to region, but they have one
feature in common: the people clearing the rainforests are acting rationally, given
the economic incentives they face. Deforestation allows rural populations to
practice agriculture, landless people to acquire a patch of their own, companies to
engage in profitable commodity production, and governments to generate tax
revenue and foreign exchange. These people are responding to the market signals
of an increasingly globalised world. It should be remembered that today’s richest
countries actively pursued deforestation and land conversion to agriculture in early
phases of development for exactly these reasons.

Fundamentally, deforestation occurs because the world places more value on the
commodities produced from deforested land than on the environmental services that
tropical forests provide. The local returns from deforestation are specific and finan-
cial; the global benefits of preserving forests are diffuse and not valued in monetary
terms. In the final calculation, the trees are worth more dead than alive. Unless a
way is found to rebalance this equation, and value standing forests, the trees will
continue to disappear.

Encouragingly, there does not have to be trade-off between forest conservation
and economic development. Research by WWF shows that it will be possible to
substantially increase food, fibre and biofuel production in tropical countries with-
out touching the forests, mainly because there are opportunities to use non-forested
land much more efficiently (WWF 2011). Similarly, The Prince’s Rainforests
Project has worked with the private sector in Brazil, Indonesia and West Africa to
identify practical ways to intensify cattle, palm oil and cocoa production on
degraded and non-forested land (The Prince’s Rainforests Project 2010). This will
require upfront investment and sustained effort over many years, which is why
deforestation often remains an easier option. But appropriate finance from the
international community could tip the balance in favour of these approaches. It
could help forest nations make the investments that would be needed to pursue an
alternative low carbon development trajectory. If used in this way, forest finance
would not only achieve environmental goals but would also provide vital invest-
ment that could reduce poverty, enhance food security and accelerate ‘green
growth’ in developing countries.

4 [Initiatives to Address Deforestation

There has long been a consensus that the international community should work
with the governments of forest nations to slow or halt the destruction of tropical
forests. However, traditional donor programmes have been unable to compete
with the economic drivers of deforestation outlined above. There is great hope
that a new climate deal, agreed as part of the UNFCCC, will finally place an
appropriate value on tropical forests, but such a deal is still many years off. This has
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created a gap that numerous international initiatives are now attempting to fill,
with varying levels of success. It is still uncertain whether mechanisms of suffi-
cient scale and ambition will emerge from this fragmented policy environment to
have a significant impact on tropical deforestation in the next 10 years — but the
opportunity exists.

4.1 Historical Approaches

Over the past three decades, a number of initiatives were established by the
World Bank, UN agencies and donor countries to try to preserve forests in tropical
countries. These included the Tropical Forestry Action Plan in the 1980s, National
Environmental Action Plans from the 1990s, efforts to control international trade in
illegal logs in the 2000s, and the integration of forestry into broader bi-lateral donor
assistance programmes. In addition, dozens of international NGOs conducted
project-level activities in tropical countries. While there have been some success
stories, the overall results have been disappointing, as evidenced by the huge area
of the world’s tropical rainforests that has been cleared or heavily degraded during
this period.

A number of reasons have been put forward to explain the failure of previous
initiatives to reduce deforestation (The Prince’s Rainforests Project 2009).

* Narrow scope: Initiatives focused only on the forestry sector rather than address-
ing the broader drivers of deforestation and failed to create alternative economic
opportunities for local people.

e Lack of political buy-in: In many cases, neither governments nor local
communities within forest nations shared the goals of international donors.

* Uncommitted institutions: The importance of forests was not always shared
within development agencies, nor was there coordination between agencies.

¢ Inadequate funding: Historically, less than US$1 billion per year was available
through Official Development Assistance for tropical forestry. This was never
enough to compete with the drivers of deforestation.

In essence, political will was not been strong enough, nor sustained for long
enough, to ensure the implementation of development approaches that could tackle
the fundamental economic issues that caused deforestation in tropical countries.
Clearing forests remained more lucrative than conserving them.

4.2 REDD+ and Climate Change

In recent years, the elevation of climate change to the top of the global policy-
making agenda meant that, for the first time, there was a chance to harness enough
political commitment and international funding to forge a long-lasting solution to
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tropical deforestation. As part of the UNFCCC, countries have agreed to set up a
new mechanism for Reducing Emissions from Deforestation and Degradation
(REDD) in developing countries. This concept has been expanded to REDD+, the
‘plus’ signifying that the mechanism should also support forest conservation,
sustainable management of forests and enhancement of forest carbon stocks.

The principle behind REDD+ is that industrialized nations (Annex 1 countries in
the UNFCCC protocol) should pay forest nations for verified reductions in green-
house gas emissions that come about through reducing deforestation or preserving
or enhancing forest stocks at a national level. This could be a government-to-
government transaction, using public finance from Annex 1 countries, or it could
involve private finance from carbon markets. The details are yet to be worked out,
as are many other technical issues such as how to set appropriate reference levels
against which to measure avoided deforestation, how to conduct monitoring and
reporting, and how to ensure safeguards for vulnerable groups. But the goal is to
generate sufficient flows of finance to forest countries to incentivize and to facilitate
low-deforestation development paths.

The economic rationale for REDD+ is compelling. The Eliasch Review, a study
on the role of forests in climate change commissioned by the UK Government,
estimated that it would cost between US$17 billion and US$33 billion per year to
halve deforestation. The net present value of this halving of deforestation, based on
the global savings from reduced climate change minus the costs of forest finance,
was calculated at a massive US$3.7 trillion (The Eliasch Review 2008). REDD+ is
a good deal for Annex 1 countries looking to finance greenhouse gas reductions.
It is potentially cheaper than most other mitigation options and could be achieved
more rapidly. It should also be a good deal for forest nations, as it would provide
much-needed finance for their development.

After much debate, at the UNFCCC conference in Cancun in December 2010 it
was formally agreed that REDD+ would form part of the legally binding successor
to the Kyoto Protocol. A technical working group was set up to work out the details
of its operation. However, at the climate change conference in Durban in December
2011 it was agreed that any new protocol would be not be adopted before 2016 and
would not come into effect before 2020. Therefore, the REDD+ mechanism will not
come into operation for at least 7 years. Moreover, there is no guarantee that this
timetable will be kept. So, a UNFCCC REDD+ mechanism still remains a solution
of the future, not the present.

In the meantime, carbon markets have provided only a tiny measure of support to
REDD+ projects in developing countries. The total value of the global forest carbon
market is around US$149 million. About three-quarters of this funding has come
from voluntary carbon markets such as the Chicago Climate Exchange. The rest is
associated with forest projects approved under the Kyoto Protocol’s Clean
Development Mechanism. Combined, these projects cover an area of just 1.7 mil-
lion hectares (Simula 2010). Private carbon finance is unlikely to be a significant
factor before a REDD+ mechanism is agreed by governments as part of a global
climate deal.
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4.3 Interim REDD+ Finance

Delays in the implementation of a UNFCCC REDD+ mechanism were widely
expected. As a result, steps have been taken to create programmes that could
operate in the interim, outside of the formal UNFCCC process. In 2007 His Royal
Highness The Prince of Wales established The Prince’s Rainforests Project to help
build consensus around near-term solutions to tropical deforestation. This project
has worked with senior politicians, business leaders, non-governmental organiza-
tions and other interested stakeholders from around the world. On 1 April 2009 The
Prince of Wales invited world leaders to a meeting in London at which it was
agreed to establish an inter-governmental working group to develop proposals for
a financing mechanism that could achieve rapid reductions in deforestation. The
Informal Working Group on Interim Finance for REDD (IWG-IFR), representing
34 governments, produced its report in October 2009. Following a ministerial
meeting in Paris in March 2010, a REDD+ Partnership was launched at the Oslo
Climate and Forest Conference on 27 May 2010. The REDD+ Partnership is a
voluntary, non-legally binding framework that brings together 58 countries com-
mitted to developing and implementing collaborative REDD+ efforts in the interim
period before a UNFCCC agreement. It contains most tropical forest countries, as
well as traditional donor countries. The latter made financing pledges exceeding
US$4 billion for the 2010-2012 period (Norwegian Government 2010). These
formed part of a broader pledge of ‘Fast Start Finance’ for climate mitigation and
adaptation in developing countries, made a few months earlier by Annex 1 countries
at the UNFCCC conference in Copenhagen.

What progress has been made with this interim finance? The programmes that
have been started can be divided into two types: ‘payment for performance’ schemes
and REDD+ preparatory schemes.

‘Payment for Performance’ Schemes

A small number of REDD+ partnerships have been formed under which funding
countries agree to make payments to forest nations based on changes in actual
deforestation rates from year to year. Norway has been the most active, agreeing
partnerships with Brazil, Guyana and Indonesia that will provide US$2.25 billion in
funding (although in the last case the ‘payment for performance’ component is not
due to start until 2014). These schemes have some common features: the agreement
of a price per tonne of CO, emissions abated (usually US$5 per tonne); the use of
proxies to calculate emissions reductions (usually based on hectares of deforesta-
tion avoided); simple verification mechanisms that will build in sophistication over
the years; and considerable freedom for forest nations to decide on how payments
are used, within a framework of safeguards. There are also differences between the
partnerships, especially in terms of the channels through which payments flow. The
Norway-Guyana deal is also different in that it does not reward Guyana for reducing
its deforestation rate compared to a historical baseline (very little deforestation has
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taken place in Guyana yet) but for making sure the deforestation rate does not rise
in the future (Norad 2011).

Tropical forest nations have shown considerable initiative in driving these solutions.
Brazil announced a goal to cut deforestation by 70 % by 2020, before signing up to
a payment deal with Norway. The Indonesian government has committed to reduce
its greenhouse gas emissions by 26 % through its own efforts and by 41 % if it
receives international assistance. Guyana developed a comprehensive low carbon
development plan before entering into its partnership with Norway. However, in each
case the promise of international finance, in the form of payments for the ecosystem
services provided by the forests, has been a catalyst for domestic action. It is too
early to measure the full results of these partnerships but the recent falls in deforesta-
tion in Brazil, for example, indicate that positive steps are being taken on the ground.

Preparatory Schemes

The majority of interim finance has not gone to pay forest countries for actual reduc-
tions in deforestation but to fund programmes that are helping forest countries pre-
pare themselves for a UNFCCC REDD+ mechanism or interim ‘payment for
performance’ deals. These support activities such as strategy development, capacity
building, institutional reform and establishment of forest monitoring systems. The
argument is that forest countries need to be ‘REDD+ ready’ before they can engage
with mechanisms that pay for performance. These activities are being funded by a
wide range of donors through bi-lateral programmes, as well as by multi-lateral and
regional programmes such as the UN-REDD Programme, the World Bank’s Forest
Carbon Partnership Facility, the Forest Investment Program or, in Africa, the Congo
Basin Forest Partnership (Simula 2010).

4.4 Remaining Challenges

Through the REDD+ Partnership and Fast Start Finance, more public money has
been committed to slowing tropical deforestation than ever before. Most forest
nations are participating in at least one international REDD+ programme. However,
a number of challenges remain. First, with the exception of the financial support
pledged by Norway, most funding to date has focused on strategy development,
capacity building or small-scale pilot projects. There are few ‘payment for perfor-
mance’ schemes achieving real results. This is partly because of a ‘chicken and egg’
problem: Annex 1 countries are reluctant to commit until they see strong leadership
and clear plans in forest nations; forest nations won’t invest domestic political
capital into developing these plans until they are certain there will be international
funding available. Second, there have been many delays in REDD+ finance delivery
and only a small proportion of the funds has actually been disbursed. One reason
is that financing countries tend to view their support as Official Development
Assistance, and have channeled their funds through traditional aid channels, whereas
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forest nations prefer to see this as a partnership, and prefer more flexible
implementation mechanisms. Third, the Fast Start Finance pledges were barely
adequate for the 2010-2012 period and certainly cannot cover the period until
2020, which is the earliest that a new UNFCCC protocol will come into effect.
Further pledges will be required to fill the financing gap between now and then
(The Prince’s Charities’ International Sustainability Unit 2011).

5 Conclusions

Tropical forests provide important ecosystem services to the world. They regulate
rainfall, contain vast amounts of biodiversity and play a crucial role in the carbon
cycle. It will be difficult to attain climate stability in this century without action
to reduce deforestation. Tropical forests are cleared for many reasons but the funda-
mental cause is that there are strong economic incentives driving deforestation,
often linked to global commodity demand.

Past attempts to conserve tropical forests have mostly failed because they have
not been able to out-compete these drivers of deforestation. The prospect of a global
climate deal opens up the possibility of a REDD+ ‘grand bargain’ under which
industrialized countries would pay tropical nations for the ecosystem services that
their forests provide, which would finally make the trees worth more alive than
dead. The technical elements of this mechanism are becoming clearer but the global
policy landscape is such that it will not be in place before 2020 at the earliest. As a
result, a series of smaller bargains have emerged, as countries try out various interim
approaches. Some of these partnerships are developing novel mechanisms to reward
forest nations for actual reductions in deforestation between 2010 and 2020.
However, most are more cautious, employing traditional aid approaches and focusing
on building ‘REDD+ readiness’ rather than paying for results.

On a number of occasions since 2009 tropical forest nations have expressed their
willingness to protect their forests, so long as they receive appropriate international sup-
port. There has never been a better opportunity for the international community to forge
ambitious partnerships with forest nations to achieve substantial reductions in tropical
deforestation. On the other hand, there is a risk that forest nations will be discouraged by
the small amount of international finance available, the slowness of its disbursement,
and the prevalence of uncoordinated, piecemeal approaches. Bolder steps will need to
be taken to translate the promise of recent years into real results on the ground.
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Silviculture of Planted Forests Managed
for Multi-functional Objectives: Lessons
from Chinese and British Experiences

W.L. Mason and J.J. Zhu

Abstract Planted forests are anticipated to increase in area and to supply an
increasing proportion of the world’s timber supplies in future decades. However,
because of their increasing importance, management of these forests will need to
pay greater attention to silvicultural practices which can help to sustain and improve
the delivery of a range of other values besides timber production. Some indications
about how this might be achieved can be gained from an examination of recent
developments in the management of planted forests in Northeast China and the
British Isles. Both regions share a common history of deforestation and unsustain-
able harvesting with forest cover being restored during the twentieth century by
extensive reforestation programmes based on a few species that were robust to plan-
tation silviculture. In response to changing societal pressures, these simple forests
are now being managed to meet multifunctional objectives including biodiversity,
recreation and landscape values. The most successful silvicultural methods for
increasing the diversity of planted forests have involved the introduction of comple-
mentary species, either through planting or by natural regeneration, and the use of
thinning to create a more open and varied stand structure. However, the relative
merits of these approaches depend upon local conditions such as the light regime
found within the planted forests and the occurrence of abiotic risks such as
windthrow. An important lesson is the value of establishing long-term silvicultural
trials to demonstrate the processes involved in the diversification of planted forests.
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1 Introduction

Planted forests are generally defined as being forests composed mainly of native or
introduced tree species established either through planting or by deliberate seeding
(Carle and Holmgren 2008). This is a broader concept than the more traditional
term of ‘plantation forests’ which is normally applied to single species forests
planted for timber production and frequently composed of exotic species (Kanninen
2010). Planted forests therefore also include mixed plantings of a range of species
which are established for biodiversity, landscape or other non-commercial objec-
tives. The increasing area of planted forests, and the growing importance of the
plantation forest subset for future timber supplies (Paquette and Messier 2010),
means that an improved understanding of the issues and methods pertaining to the
management of planted forests will be of considerable importance in ensuring the
sustainable management of the world’s forest resources during the coming century.
Parts of China and of the British Isles share a common history of deforestation or
impoverishment of natural forest resources followed by their replacement by planta-
tion forests of fast growing conifers. In both countries, the environmental and social
effects of establishing single species plantations for the primary purpose of timber
production have become controversial. With increasing recognition of the multi-
functional objectives of sustainable forest management, forest policies and societal
demands have gradually shifted from an emphasis on timber production to the
provision of multi-functional ecosystem services from the planted forests (Zhu et al.
2010; Mason et al. 2011).

Planted forests in China cover 61.7 million hectares, representing 31.6 % of
China’s forest area or 23.4 % of the world’s planted forest area (FAO 2010). China’s
planted forests are classified into productive and protective forests according to their
functions. The productive forests for timber supply account for about 25 million
hectares, or over 40 % of the area of planted forests. There has been a continuing
increase in the planted forest area, benefiting from several key Chinese forestry
programmes including: the Natural Forest Resources Protection (NFRP), Conversion
of Cropland to Forest, Shelter Forest Construction in the Three-North and in the
Upper and Middle Reaches of the Yangtze River, and the Development of Fast-
growing and High-yielding Plantations (DFHP) (Xu et al. 2000; Li 2004). The
major tree species planted include Chinese fir (Cunninghamia lanceolata) in South
China and larches (Larix spp.) in North China. More than one-third of the national
forests are located in Northeast China, and more than 60 % of these are secondary
forests due to a century of excessive timber harvesting (Hu and Zhu 2008). These
secondary forests are composed of broadleaved tree species such as Fraxinus spp.,
Acer spp., Betula spp., Populus spp., Tilia spp. and Quercus mongolica, with
multi-purpose uses and high commercial values. However, in order to promote
rapid economic development and to meet the objectives of the DFHP and NFRP
programmes, since the 1950s a range of larch species (Larix olgensis, Larix kaemp-
feri or Larix gmelinii) have been planted widely in Northeast China as commercial
timber species to replace the secondary forests (Liu et al. 2005; Zhu et al. 2008).



Silviculture of Planted Forests Managed for Multi-functional Objectives... 39

Laia

Fig. 1 Sketch map of productive plantation forests in China, about 25 million ha (a), and larch
plantations in North China, about 3.78 million ha (b)

Currently, larch plantations amount to some 2 million hectares, around 55 % of the
planted forests in Northeast China (Fig. 1). Many problems have been reported from
these larch plantations in recent decades such as a decline in soil fertility, lower
productivity in the next rotation, a lack of natural regeneration, and poor provision
of ecosystem services (Liu et al. 1998; Yang et al. 2010a).

The countries of the British Isles consisting of the United Kingdom (England,
Northern Ireland, Scotland and Wales) and the Republic of Ireland, fall within the
Atlantic zone of north-western Europe with a native woodland cover composed
mainly of temperate broadleaved species (e.g. Quercus spp., Fraxinus excelsior,
Betula spp.), although there are outliers of the boreal forests in the Scots pine (Pinus
sylvestris) dominated areas of northern Scotland. All countries share a similar
history of centuries of deforestation and unsustainable forest management (e.g.
Smout 2003) so that at the beginning of the twentieth century forest cover was very
low, being less than 5 % in Great Britain (Forestry Commission 2011) and 1 % in
Ireland (Horgan et al. 2003). The early years of the last century saw the start of
concerted attempts to restore forest cover through afforestation and this has been
continued until the present time with the result that the forest area of the British Isles
is nearly three times as large (Table 1). The afforestation programme was primarily
intended to provide timber for industrial purposes and was based on the use of fast
growing and mostly non-native conifer species which could tolerate the exposed
sites and impoverished soils where planting was concentrated (Mason 2007a). The
result has been the transformation of the British forest resource from broadleaves to
conifers in around 50 years (Mason 2007b) (Table 2). Thus the non-native conifer
Sitka spruce (Picea sitchensis) is now the major tree species in Britain and in Ireland
and accounts for a substantial proportion of the domestic timber supply.

During the latter half of the last century there were growing concerns in the
British Isles about various impacts of the conifer afforestation programmes such as
negative effects of planting and felling upon visual amenity (Foot 2003), conversion
of native broadleaved woodlands to conifers, and the large-scale planting of upland
habitats of high biodiversity value (Avery and Leslie 1992). These concerns resulted
in substantial changes in policy during the last two decades of the last century.
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Table 1 Forest area of different countries in the British Isles in 1905, 2010, and policy aspirations
for the future

Forest area  Forest area

(M ha) in (M ha) Percent Aspiration Sources for
Country 1905° in 2010? land area  and target date  aspirations
England 0.7 1.3 10.0 Increase (2050) DEFRA (2007)
Republic 0.07 0.7 10.2 17 % (2030) Forest Service
of Ireland (2007); Teagasc
(2011)
Northern 0.02 0.1 6.5 13 % (2050) NIFS (2006)
Ireland
Scotland 0.4 1.4 17.8 25 % (2050 FCS (2006)
onwards)
Wales 0.09 0.3 14.7 Increase (2050 FCW (2009)
onwards)
Notes:

*Figures for 1905 and 2010 are derived from Forestry Commission (2011) and Forest Service
(2007)

Table 2 Main tree species Species Percent forest area

in GreaF Britain in 2010 by Pinus sylvestris 05

proportion of the forest area .

(after Forestry Commission Pinus contorta 3.7

2011) Picea sitchensis 29.1
Picea abies 32
Larix spp. 5.6
Other conifers* 5.8
Total conifers 58.9
Quercus spp. 9.3
Fagus sylvatica 35
Acer pseudoplatanus 2.8
Fraxinus excelsior 5.4
Betula spp. 6.7
Other broadleaves® 134
Total broadleaves 41.1
Notes:

3Other conifers includes Pinus nigra ssp.
laricio, Pseudotsuga menziesii, Abies gran-
dis, Abies procera, Tsuga heterophylla, and
other introduced species

*Other broadleaves includes Populus spp.,
Castanea sativa, Ulmus spp., and areas of
mixed broadleaves

A broadleaves policy was introduced in 1985 (Richards 2003), which essentially
ensured that no further broadleaved woodland would be converted to conifers. In
1988 changes to the tax rules that had underpinned private forestry substantially
reduced the amount of conifer afforestation (Foot 2003). The 1990s saw an increas-
ing emphasis on the principle of sustainable forest management (SFM) for multiple
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benefits (often referred to as ‘multi-purpose’ forestry) exemplified in the widespread
implementation of the certification process in British forestry (Mason 2007b). As a
result of the changes of the last 30 years and the increasing emphasis upon SFM,
there has been a move away from the industrial plantation management approach
that dominated British forestry for over half a century. Both the Scottish (FCS 2006)
and Welsh (FCW 2009) forestry strategies endorse the desirability of greater use of
continuous cover forestry (CCF), whereby more irregular stand structures com-
posed of mixed species are developed in all forests. However, a consequence of the
history of deforestation followed by restoration through afforestation is that planta-
tion forests dominate the forest resource of the British Isles to an extent that is in
uncommon elsewhere in the world with nearly 90 % of forests in the Republic of
Ireland and 68 % of forests in the United Kingdom being of plantation origin (Del
Lungo et al. 2006). This means that these forests must not only provide wood for
industry, but must also be managed to provide the range of other ecosystem services
that is characteristic of forest management for multifunctional objectives (Mason
2007a; Mason and Meredieu 2011).

Current practices in China’s larch forests and British Sitka spruce forests are
outlined in Table 3. The typical structure that results from these regimes will be
one of regular even-aged stands composed of very few species: thus 90 % of British
forests had three species or less (MCPFE 2007). Until the 1990s, the main silvicul-
tural approach employed in the conifer plantations of China and Britain was patch
clearfelling (Matthews 1989) using coupe sizes of 5-50 ha with regeneration
achieved mainly through planting. Rotation lengths have been primarily based
upon predicted ages of maximum mean annual increment, although actual felling
age in Britain was influenced by the anticipated risk of windthrow and determined
by calculation of net discounted revenue (Johnston et al. 1967). A normal rotation
would be between 35 years and 60 years, depending upon species and site produc-
tivity. Therefore, the larch and spruce forests of China and the British Isles are
dominated by stands in the stand initiation and stem exclusion phases (after Oliver
and Larson 1996) and changing them to the more complex and species rich struc-
tures envisaged by current policies represents at least as great a silvicultural
challenge as the initial effort to restore forest cover on devastated and cutover lands
(Mason and Quine 1995).

Adapting plantation forests to multifunctional management needs to consider the
present structure of a forest and the services provided, the type of structure which
might be most suitable for the provision of a range of ecosystem services to meet
future needs, plus the site and climatic factors which influence silvicultural practice.
At the stand level, there are five categories of silvicultural intervention which can be
used to influence forest structure, namely: site preparation and the management of
residues; species selection and the use of mixtures; stand density management espe-
cially the use of thinning; fostering of greater structural complexity; and adjustment
of rotation length (after Bauhus and Schmerbeck 2010). In this chapter, we consider
these different silvicultural options and their possible role in the development of
more complex structures in the planted forests of China and the British Isles, with a
focus on larches and Sitka spruce.
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Table 3 A list of the main features of conventional management for Sitka spruce forests
in Scotland and larch forests in north-east China (see note for data sources)

Feature

Sitka spruce

Larch

Use of planting stock from
genetically improved
material

Presence of other tree
species

Site preparation

Drainage

Planting density
(trees ha™")

Weeding

Chemical protection

Fertilizer inputs
Pruning
Thinning

Final stand density
(trees ha™)
Rotation age (years)
Main silvicultural
system and
coupe size
Average productivity
(m®ha™! year™)

10-30 % genetic gain
available from first
generation seed orchards
through to cuttings of full
sib families

15-20 % of planting area
includes other conifers
or broadleaves

Mounding (scarification on
some drier soils)

Yes
2,700

1-3 times in the first 3 years:
chemical or hand

Against large pine weevil
(Hylobius abietis)

Rare

No

Only on 50 % of sites of
lower wind risk; 2—4
times from years 20-25.
Higher wind risk sites are
unthinned

300-1,000
(thinned — unthinned)

35-50

15-40 % genetic gain can be
obtained by using plants from
hybrid larch seed orchards

Broadleaved species from
secondary forests surround
larch plantations. A few areas
are underplanted with other
conifers when thinning is
conducted

Hand screefing to remove shrubs
and grass (often burnt)
followed by pit planting.

The pit dimensions are 50,
50 and 30 cm (length,
width and depth)

No

2,200-2,500

5 hand weedings within the first
3 years

Against shoot blight (dieback),
needle cast and pine caterpillar
(Panthea spp.)

Rare

Yes. Carry out with thinning

3-5 times for all sites from years
12-15 without considering the
risk of wind or snow damage

390-630 (according to the thinning
intensity)
40-60

Patch clearfelling; coupe size ranging from 5 to 40 ha
depending upon aspects such as landscape impacts

and wind risk
14

6.5-8.5

Note: the main data sources used to compile this table were Mason and Meredieu (2011), Mason
(2007a), Luo et al. (2005) and Zhang et al. (2009)
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2 Silvicultural Options and Stand Structure

2.1 Site Management: Changes in Soil Fertility
and Other Nutritional Problems in Plantations

The impacts of larch plantations on soil properties and nutrient cycling have been a
particular concern in China. Although larch stands were planted on nutrient-rich
soils that originally supported mixed broadleaved forests (Fig. 2), differences in soil
properties were found during the first rotation of larch in Northeast China (Liu et al.
1998; Yang et al. 2010a, b). During a 3 year period of observation in a 25-year-old
L. gmelinii plantation, there were consistent declines in soil available P (Gao 1983).
Changing from natural secondary forests to larch plantations resulted in a signifi-
cant decline in soil C and N concentrations, and a reduction in soil microbial bio-
mass and nutrients (Yang et al. 2010b). The concentrations of microbial biomass P
and labile organic P were significantly lower under larch than in natural secondary
forest (Yang et al. 2010a). Evidence also showed that soil changes under pure larch
plantations might continue in the second rotation, and this was accompanied by a
decrease in productivity particularly where branches and other small material were
removed for firewood (Liu et al. 1998). The litter accumulation in 20-year-old pure
larch stands was higher (23-28 tonnes ha™!) than in mixed broadleaved forests (9—16
tonnes ha™'), and the thicker litter layer decomposed more slowly, inhibited thermal
conduction and decreased soil temperature, so limiting soil microbial activities. By
contrast, in Britain there has been little sign of detrimental changes in soil properties
under repeated rotations of Sitka spruce (Mason and Quine 1995) and some evidence
that growth has improved as a result of better silviculture, nitrogen deposition and
climate warming (Cannell 2002). The only instances of decline in productivity over
successive rotations have occurred following intensive residue and litter removal at
time of clearfelling as in whole-tree harvesting (Mason et al. 2012).

In both China and Britain, fertilizers have been used to try to boost growth or
to offset the effects of any changes in soil properties. An 8 year study in larch

Fig. 2 Images of the secondary forests (a) and larch plantations with broadleaved tree species (b)
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(L. kaempferi) plantations indicated that fertilization (three levels of nitrogen and
phosphorus applied in three consecutive years to a 15-year-old stand) did not sig-
nificantly affect the yield increment (Dong 2000), because the effects were limited
by site conditions, fertilization methods and the rotation length. The results of dif-
ferent types of fertilizer applications (mineral nitrogen, phosphorus, and animal
manure) to 14-year-old and 34-year-old larch (L. gmelinii) plantations, showed that
mineral fertilizers could increase soil fertility in the short term and improve the
growth of the younger plantation, and also that organic fertilizer application
improved long term soil fertility (Ji et al. 2004). Nitrogen is the most important
fertilizer applied in larch plantations in China, but has been found to decrease fine
root biomass, soil respiration and soil microbial biomass carbon and nitrogen in
1640 years old stands (Son and Hwang 2003; Yu et al. 2007; Jia et al. 2010).
The decreases in root biomass suggest that nitrogen addition can impact belowground
biological processes, such as fine root dynamics, soil microbes, soil respiration etc.,
with potential consequences for soil carbon dynamics (Hu et al. 2010). In Britain,
fertilizers were widely used in the establishment phase of the first rotation (Taylor
1991) to compensate for deficiencies due to previous agricultural practices.
However, in recent decades their use has declined (Table 3) with increasing recogni-
tion that, on most sites, effective recycling of nutrients from the litter layer is key to
sustained productivity (Miller 1995). Evans (2009) concluded that international
experience suggested that care with harvesting, fire protection, conservation of
organic matter, and careful management of weed growth were essential measures to
avoid damage to soils under plantations.

2.2 Species Choice and Growing Tree Species in Mixture:
Effects on Tree Growth and Soil Nutrients in Plantations

Larch has exhibited significantly greater growth in most mixed-species plantations
when compared with pure stands. For example, in a 10-year-old mixed plantation of
larch (L. gmelinii)-Manchurian ash (F. mandshurica) (6 larch: 4 ash), the mean
diameter at breast height (DBH) and tree height (H) of larch was greater in mixture
compared to pure stands (Zhang et al. 2001). A similar trend was found in a 13-year-
old mixed plantation of larch (L. gmelinii)-Manchurian walnut (Juglans mandsh-
urica) (6.2 larch: 3.8 walnut), where the volume of the pure larch was about 14 %
less than that of the mixed plantation (Chen and Li 2004). Older (20-23 years)
mixed plantations of larch (L. gmelinii)-Amur cork tree (Phellodendron amurense)
(8 larch: 2 amur cork tree), larch (L. kaempferi)-alder (Alnus tinctoria) (7.5 larch:
2.5 alder) and larch (L. kaempferi)-birch (Betula platyphylla) (7.5 larch: 2.5 birch),
had larch with significantly higher (P<0.05) mean DBH and H than those in pure
larch plantations (Li et al. 2011).

Besides the better growth, the soil nutrient cycling in the mixed larch plantations
was greatly improved. The comparison of leaf litter decomposition and nutrient return
between pure stands of larch (L. gmelinii) or Manchurian walnut with mixed stands of
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Fig. 3 Images of the mixed-species larch plantations. Larch + ash at Maoershan in Heilongjiang
Province, NE China (a) and larch + broadleaved species at Qingyuan in Liaoning Province, NE
China (b)

larch-Manchurian walnut ranked the decomposition rate of leaf litter as: larch
< mixture of larch and Manchurian walnut < Manchurian walnut, while the returns of
N, P and K via leaf litter were significantly higher in the mixed stand than in both pure
stands (Chen and Li 2004). These results suggest that the introduction of broadleaved
species into pure larch stands could increase the rates of litter decomposition and
nutrient return, and so sustain forest productivity. The species used in mixture include
Manchurian ash (Fig. 3), Manchurian walnut, Amur cork tree, Mongolian oak (Q.
mongolica), maple (Acer mono), alder, birch, Korean pine (Pinus koraiensis), Yezo
spruce (Picea jezoensis) and Korean spruce (Picea koraiensis). In the last two decades,
many mixed larch plantations have been established. The ratio of larch to other
species ranges between 3:2 and 4:1 while the initial stocking in the mixed-species
plantations is similar to that in pure larch plantations (3,000-4,000 trees ha™).

By contrast, in the British Isles the use of mixtures in Sitka spruce stands has
been limited, being largely confined to the planting of ‘nursing’ mixtures with pines
(Pinus contorta or P. sylvestris) or larch (L. kaempferi) on soils of very poor nutrient
status, where the spruce benefit from increased soil nutrient availability from mycor-
rhiza colonizing the roots of the nurse species (Taylor 1991). However, provided
that the nursing effect is successful, these stands eventually self-thin to become pure
stands of Sitka spruce. The greater leaf area of British spruce stands mean that, after
canopy closure, the light levels in the understorey are insufficient for effective colo-
nisation by other species until at least 40-50 years at the end of the ‘stem exclusion’
phase and the beginning of ‘understorey reinitiation’ (Hale 2001). This trend of
Sitka spruce dominating other admixed species has been found in other experimen-
tal trials (Mason 2006) and has resulted in the recommendation that any long-term
mixtures between Sitka spruce and other species require the latter to be planted in
groups at least 0.05 ha in size. A consequence of this is that any attempt to increase
species diversity in Sitka spruce forests, possibly as part of a strategy of adapting
forests to projected climate change, would require other species to be planted in
separate blocks of sufficient size to be self-sustaining.
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2.3 The Use of Thinning to Increase Structural
and Species Diversity in Conifer Plantations

Thinning is critical to the implementation of silvicultural approaches that foster
greater structural diversity, such as CCF (Mason et al. 1999). This is because
thinning will increase canopy openness and light availability, will modify soil
temperature and moisture regimes, will affect the quantity and quality of litter,
and by modifying the spatial distribution of trees can facilitate natural regeneration
through gap formation (Malcolm et al. 2001; Puettmann et al. 2009; Mizunaga
et al. 2010).

Trials of different thinning intensities were conducted in larch (L. olgensis) plan-
tations in China to favour the regeneration of larch, but natural regeneration was
poor even in the intensely thinned plantations (40 % thinned, 25.0 m? ha™') and the
clearcut site (Zhu et al. 2008). The reason for this regeneration failure is that larch
seedling emergence and survival were significantly reduced by the presence of litter
and understory vegetation. For instance, all larch seedlings in both thinned stands
and the clearcut disappeared within the first growing season when understory
vegetation cover and litter cover were not removed; but they survived and grew in
sites where ground cover was removed. Mason et al. (2011) also found that
the presence of ground vegetation reduced the occurrence of European larch
(L. decidua) regeneration in stands being transformed to CCF. Successful larch
natural regeneration has occurred only after intense disturbances such as flood,
windblow, and fire (Tsuyuzaki 1994). Thinning of larch forests can also be used to
increase species diversity as shown by Chinese studies. For example, L. olgensis
plantations between 30 and 40 years old were thinned to residual basal areas
ranging from 25.9 to 38.8 m? ha!' to examine the effects of thinning on natural
regeneration (Zhu et al. 2010). Regardless of thinning intensity, there were sufficient
naturally regenerated seedlings (height=5-50 cm) and saplings (height=50-500 cm)
of tree species such as Acer spp., Fraxinus spp., Cornus controversa, Quercus mon-
golica, and Pinus koraiensis in the thinned stands. The mean density of regenerated
seedlings ranged from 45,000 to 67,000 seedlings ha™!, while the regenerated
saplings reached 4,595 saplings ha™! forming a regeneration layer with an average
height of 2.0 m and basal diameter of 2.1 cm. If the Korean pine seedlings in the
thinned stands could be conserved and promoted into the canopy layer, there would
be a chance to transform the current larch-broadleaved stands into mixed broad-
leaved-Korean pine forests which is one of the regional climax forests in Northeast
China. Generally, the canopy openness of larch stands should be maintained between
25 % and 35 % after canopy closure for the overstorey development and microclimate
amelioration (Liu et al. 1998; Zhu et al. 2010). Although selective thinning is
normally used to promote regeneration, an alternative method is to open up strips
within the larch stands through removing several rows of larch trees.

The role of thinning in Sitka spruce stands is more problematic because of
considerable experience that opening up of the canopy may increase the incidence
of windthrow, particularly if the operation is delayed or the stand is a zone of high
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wind risk (Quine et al. 1995). From the late 1970s, a non-thinning regime was
adopted on British sites with a higher probability of wind damage which in some
regions exceeded 50 % of the forest area (Quine et al. 1995). By contrast with the
relatively light shade provided by larch plantations, the amount of light recorded in
the understorey of Sitka spruce plantations managed under standard regimes is low
and rarely favourable to colonization by woody species (Ni Dubhain 2010). Studies
by Hale (2001, 2003) indicated that stocking densities in Sitka spruce stands needed
to be reduced to 65 % or less of recommendations for plantation management to
provide a favourable light environment for regeneration of a range of species
(Mason et al. 2004). Investigation of regeneration in windblown gaps in an 80 years
old Sitka spruce stand in northern England found that while spruce regeneration
was present in all gaps, it only established in the larger ones (Quine and Malcolm
2007). In the same forest, Bertin et al. (2011) found poorer growth of natural
regeneration in more densely stocked and higher basal area stands, where mean
transmittance was about 17 % compared with better growth in more open stands
when transmittance reached 23 %. Malcolm et al. (2001) analysed the light require-
ments of different conifer species and proposed that gaps with a diameter:tree height
ratio of at least 1.5-2.0 (equivalent to a gap area of 0.1-0.2 ha) were necessary to
achieve satisfactory regeneration of Sitka spruce and other species of intermediate
shade tolerance. Therefore, it appears that the key to the successful development of
an irregular structure in Sitka spruce forests is a strategy of thinning, which opens
the canopy to provide sufficient light to allow advance regeneration of under-
planted trees to develop without compromising stand stability (Ni Dubhain 2010).
The recent recognition that wind loading on individual trees is a function of tree
size mediated by the density of the surrounding stand, i.e. local competition (Hale
et al. 2012), offers the possibility of developing thinning strategies which favour
the most stable trees within a stand. Similar approaches have been reported in
stands of Norway spruce (Picea abies) in central Europe (Slodicak and Novak 2006),
but they remain to be tested operationally under British and Irish conditions.

2.4 Adjustment of Rotation Length and Structural Diversity

There are three approaches used to increase species and structural diversity in
planted forests. The first approach, and still the most widely used, is known as
‘restructuring’ (Hibberd 1985). In Britain, this was developed in the extensive for-
ests on the Scottish-English border where the rolling topography and a high
windthrow risk on the gley soils meant that traditional management often resulted
in large unsightly felled areas with a loss of the forest microclimate. Restructuring
involved zoning the forest into areas of greater or lesser visual sensitivity and adjust-
ing coupe size accordingly with smaller coupes in more sensitive areas and in more
sheltered zones. Felling schedules were then adjusted to ensure that adjacent coupes
were not felled within 5 years or more of one another so that visual impact was
further reduced. In addition, the range of species used in replanting was increased



48 W.L. Mason and J.J. Zhu

particularly in more sheltered zones with broadleaves introduced in riparian strips
and other areas that proved difficult to harvest. This approach has been shown to
reduce the visual and other impacts of clearfelling with limited effect on operational
costs (Hibberd 1985; McIntosh 1995). In Northeast China, management practice in
recently logged larch plantations is based on replanting using nursery plants of
larches (L. olgensis, L. kaempferi, and L. gmelinii) or other local conifer tree species
such as Pinus koraiensis, Picea jezoensis, and Picea koraiensis (Liu et al. 2005).
While restructuring provides increased variation between adjacent coupes, the for-
est still tends to be composed of stands in the stand initiation and stem exclusion
phases so that there is little change to the average rotation length over the whole
forest. Structural features such as large veteran trees, gaps, irregular structures, and
standing and falling deadwood, which are beneficial to biodiversity and attractive to
visitors, tend to be rare in such forests (Peterken et al. 1992; Humphrey et al. 2003).
Therefore, the certification standard for British forests (UKWAS 2012) requires a
small proportion of a certified forest to be managed on longer rotations either as
‘long-term retentions’ or as ‘natural reserves’.

The second approach is termed ‘conversion’ and describes the processes where
management has decided to replace the dominant conifer species by a mixture of
species. Conversion has been widely used where native broadleaved woodlands
are being restored on sites that were planted with conifers during the last century
(Thompson et al. 2004). In silvicultural terms the main differences from ‘restruc-
turing’ are the wider range of species that are planted and the greater use of natu-
ral regeneration due to successional processes (Brockerhoff et al. 2008) than is
usual in the management of plantation forests. In Northeast China, when light
conditions are adequate to allow the establishment of broadleaved species, there
is potential for L. olgensis plantations to be converted into mixed broadleaved-
larch forests (Zhu et al. 2010). This is for three reasons: firstly there are enough
seeds of broadleaved species coming from the secondary forests surrounding the
larch plantations; secondly, the increased canopy openness in the thinned stands
can provide the necessary light conditions for seedling survival and sapling
growth; and thirdly, most of the regenerated broadleaved tree species have some
degree of shade tolerance during early establishment. In general, conversion does
not involve a substantial adjustment of rotation length, although individual trees
may be retained beyond rotation age while the mixed stand desired for the future
forest is formed.

The last approach is known as ‘transformation’ and differs from ‘conversion’ in
that greater attention is paid to structural rather than species diversity. This
approach is implemented through a range of silvicultural systems such as irregu-
lar shelterwood and group and single stem selection which are often collectively
known as CCF or Close-to-Nature forestry (Mason 2003; Pommerening and
Murphy 2004). A feature of CCF tends to be the prolonging of rotations beyond
those normally practiced in plantation forests and the use of thinning to foster the
development of advanced natural regeneration which is then promoted from the
understorey to form part of the successor stand. This process results in forests
which contain a higher proportion of stands in the later phases of stand
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development and thus provides a range of habitats for forest specialist species. In
addition, CCF management does not cause the visual disruption associated with
clearfelling and therefore this approach is increasingly favoured in areas of visual
sensitivity or high recreational pressure (Mason et al. 2011). However, the imple-
mentation of CCF is dependant upon the feasibility of thinning stands and there-
fore is limited to sites at lower risk of windthrow. In addition, CCF does not
necessarily result in the development of ‘old-growth’ type stand structures which
are particularly valuable for biodiversity. Humphrey (2005) suggested that these
conditions would not develop in British Sitka spruce stands until these were over
80 years of age.

3 Discussion

The two case studies described in this chapter provide an interesting contrast in the
realities of manipulating planted forests to meet multifunctional purposes. When com-
paring Chinese and British experience of plantation forestry, it becomes clear that the
canopy density of the favoured species, the resulting light regimes and local site condi-
tions, have a major influence in determining which silvicultural practices are best
suited to increasing species and structural diversity. Thus, in Northeast China, the com-
paratively light shade found under larch stands, plus the availability of seed sources of
a range of native species, can facilitate the development of mixed species forests once
the larch stands have received adequate thinning. Thus, the larch can be seen as a
‘nurse’ species enabling the restoration of a more natural community. Zerbe (2002)
described a similar process whereby native broadleaved species colonise the understo-
rey of Scots pine plantations in eastern Germany. By contrast, in the British Isles, the
low light levels found under Sitka spruce, plus the risks of windthrow associated with
thinning in more exposed areas, can make diversification of species or structure more
difficult to achieve. An appropriate thinning strategy is therefore a critical silvicultural
tool for promoting diversity in planted forests, particularly if a conversion or transfor-
mation approach is being adopted. Traditional thinning regimes that foster uniform
spacing may no longer be the most appropriate, and regimes that develop more variable
structures and spacing may need to be implemented (Puettmann et al. 2009).

A feature of experience with the larch forests of China has been the concern over
changes in soil properties mainly due to the poor quality and slow decomposition of
larch litter. Such effects can be exacerbated by other site management practices that
impoverish the nutrient capital, as reported by Evans (2009) in plantations of
Chinese fir in southern China. However, soil degradation can be overcome by intro-
ducing appropriate understory vegetation (Liu et al. 1998; Kim et al. 2010) while
thinning can significantly increase the soil organic carbon concentrations by regu-
lating soil chemical properties (Hwang et al. 2007). Furthermore, the available
nutrients can be improved by thinning, thus helping to transform the pure larch
plantations to uneven-aged forests with more complex stand structures through nat-
ural regeneration. These measures are also beneficial in alleviating the
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fragmentation of natural habitats and in maintaining the ecological functions of the
forests. In Britain, such problems have occurred only on the most nutrient poor sites
and only where experiments have sought to explore possible effects of intensive
harvesting. The implications of these contrasting experiences are to highlight the
importance of adjusting silvicultural practices to take account of site properties. The
process of adjusting silvicultural practices to reflect site quality will become more
important during the coming century in view of the need to adapt forests to pro-
jected climate change. Although neither larch nor Sitka spruce forests are consid-
ered to be immediately vulnerable to projected changes, there will be effects on
productivity and some sites may become marginal for these species. For example,
Sitka spruce may be at risk under the warmer and possibly drier climate recently
suggested for eastern Scotland (Green et al. 2008).

One of the problems confronting foresters in both regions is a lack of reference
forests to give an indication of desired stand structures for multifunctional manage-
ment, their spatial pattern and species composition. Therefore an important require-
ment is the establishment of long-term silvicultural trials where the transformation
of planted forests from simple to complex structures can be monitored over time.
While several trials of this type exist in the British Isles and have been monitored
over several decades (e.g. Cameron and Hands 2010; Kerr et al. 2010), there are no
equivalent areas in China. Such trial areas can be of particular value both in training
new generations of foresters and in educating other stakeholders how to adapt the
management of planted forests to changing priorities, as shown by the AFI network
of plots demonstrating irregular forest management in north western Europe (Susse
et al. 2011). These trial areas can be used to demonstrate silvicultural options that
will increase species and structural diversity and which will also enhance the resil-
ience of forests against climate change, which will be essential to sustain the deliv-
ery of a range of ecosystem services from planted forests in the future.
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Forests for All? Considering the Conservation
Implications of Human-Species Interactions
in the Context of Multifunctional Forestry

Mariella Marzano, Christopher P. Quine, and Norman Dandy

Abstract People and wildlife interact in many ways and recently there has been
increased recognition that forests have multiple uses and management objectives
providing opportunities for recreation, education, conservation and enhancement of
biodiversity, carbon sequestration, and the production of timber and fuel. Whilst
many benefits can perhaps be delivered simultaneously, there is potential for con-
flict between these objectives. In this chapter we focus on the possibly contradictory
objectives of recreation and conservation. Forests are increasingly places where
human-wildlife interactions occur through recreational activities such as walking,
cycling, nature-watching, and general visits to relax, play and/or picnic. The pursuit
of outdoor recreational activities can have substantial human benefits including
improved mental and physical health; and there is evidence to suggest that positive
recreational experiences are associated with natural [forest] settings where there is
an opportunity to see or hear wildlife.

Public forest managers are charged with concurrently delivering broad ecological,
social and economic benefits, which requires that they must, amongst other things,
balance the impacts of public access for recreation with the requirement to conserve
biological diversity. In the UK, the relatively recent focus on the ‘multifunctional-
ity of the forest resource suggests that a strong evidence base is needed to inform
decision-making regarding the balance and trade-offs between different functions.
This chapter explores the key issues around human-species interactions in forests
providing evidence on ecological impacts, but also highlighting major knowledge
gaps on the social practices and attitudes tied to recreational activities and how
these may be linked to greater awareness of wildlife, habitats and their needs. While
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the majority of evidence is based at the site level, we argue that assessment of the
interactions between recreation and conservation should also take place at landscape
scale to facilitate the wider provision of public benefits.

1 Introduction

The Millennium Ecosystem Assessment highlighted the dependence of human well-
being upon the services that ecosystems provide (MEA 2005). In the case of forests,
more than 100 goods or services were identified as benefitting some societies.
However, in many cultures the relationship between humans and forests has become
distant, and the lack of ‘woodland culture’ has been noted (Independent Panel on
Forestry 2012). Whilst trees are present in many urban and rural environments, the
services provided may be less apparent or indirectly obtained; for example, street
trees provide urban cooling benefits for many people but are commonly taken for
granted, and timber and paper are sourced from suppliers with little reference to the
distant forests from which they originate. Some suggest that, in parallel with societal
changes, the practice of forestry has evolved through several phases (for example a
focus on exploitative, custodial, sustained yield, production or ecological forestry
(Seymour and Hunter 1999; Mather 2001)), but that the current trend is for a greater
focus on the multiple values of forests — stimulated by global initiatives such as the
Convention on Biological Diversity, interests in sustainability, and concern for the
environment. As a result, in the past two decades there has been a shift in consider-
ation of forests and their management to reflect (and seek to represent) the multiple
values to societies. The concept of sustainable forest management reflects this.

A single forest can provide opportunities for recreation, education, conservation
and enhancement of biodiversity, carbon sequestration and the production of timber
and fuel. Consequently myriad individuals and social groups have ‘stakes’ in forests
and their management. In this sense it might be said that forests are ‘for all’.
Management decisions influence the degree to which the forests are capable of
delivering a number of these services and functions simultaneously, and appropriate
management can often encourage this ‘multifunctionality’ (Otte et al. 2007). However,
given that some of the forests’ many functions can conflict, revised expectations and
trade-offs are often needed. Owners vary in the extent to which their forests are
managed in pursuit of multi-functionality, or whether those with a market price,
such as timber, predominate and shape management decisions. Publicly owned for-
ests (e.g. state forests) may be managed with a particular eye on multifunctionality
and the delivery of public goods, but may nevertheless have to be financially self
sustaining. Government agencies may seek to intervene through regulation or incen-
tives to balance the objectives and encourage owners (private or public) to manage
for those with public (and non market) as well as private (market) benefits. These
interventions place strong demands upon evidence for the interactions between
management, forest type and mix of services.

This chapter considers the balance and trade-offs between two major, potentially
opposing, functions with high public benefit — the pursuit of outdoor recreation
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and the conservation of biodiversity. Using evidence primarily derived from a literature
review on recreational disturbance in forests (Marzano and Dandy 2012b), we focus
on the interaction between these functions, how this interaction is structured
and influenced socially, and on the scale at which this interaction occurs and is
conceptualised/studied. We argue that, whilst site level analyses of the interactions
between recreation and conservation are common, understanding and assessing
these at a landscape scale is also vital, and would aid the co-production of these
public benefits. In addition, the need to understand human attitudes and behaviours
broadly (i.e. beyond what individuals do at particular locations) is necessary to
underpin policy and management decisions. Here we focus on forest use in the UK,
but consider that the issues raised are relevant elsewhere.

2 Forests in the UK

Woodlands and forests currently make up 13 % of Britain’s land cover representing
nearly 3 million hectares (http://www.forestry.gov.uk/forestry/CMON-4UUMG6R/).
The extent of forests had reached an all time low of less than 5 % of the UK’s land
area in the early twentieth century (Forestry Commission 201 1a) due to widespread
felling and the demands of the World Wars (Rackham 2001). The UK Forestry
Commission was established in 1919 to take forward re-afforestation that would
meet the country’s timber needs (http://www.forestry.gov.uk/forestry/CMON-
4UUMBG6R/) through state planting and encouragement of private owners. The initial
focus on restoration of a strategic reserve of timber has been adapted throughout the
twentieth century to embrace a wider set of objectives. For example, the 1968
Countryside Act and the 1985 Wildlife and Countryside Act (Amdt) required public
bodies to improve the amenity and conservation value of the countryside. For the
Forestry Commission this meant a move towards multi-functional sustainable for-
estry balancing timber production with biodiversity conservation and improved
public accessibility for recreation (Quine et al. 2004).

In recent decades forests across the UK and Europe have become popular venues
for recreation (Martin 2007, 2008). This reflects and is a part of the broader trans-
formation of rural landscapes from being primarily sites of agricultural and forestry
production to also being ‘leisure landscapes’: places of amenity and recreational
consumption (Aitchison et al. 2000; Mather 2001; Buijs et al. 2006). Numerous
recreational activities take place in forests, but visitor surveys in the UK' show that
four types of activity dominate — walking, cycling, nature watching and general
visits (e.g. to relax or play). Amongst the many other activities are horse riding,
camping, hunting, off-road vehicle driving, fishing, non-timber forest product collec-
tion and outdoor sports such as paintballing, rope trailing and orienteering (Edwards
et al. 2008).

Lwww.forestry.gov.uk/website/forestry.nsf/byunique/infd-5pgazz
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As with the provision of recreation, environmental protection and nature
conservation is an important characteristic of sustainable forest management.
Responsibility for biodiversity conservation in the UK is devolved to the con-
stituent countries (England, Scotland, Wales and Northern Ireland), but the com-
mon goal is to tackle the loss of biodiversity across terrestrial and wetland areas
(Defra 2007). The UK’s approach to conservation is nested within international
and European legislative frameworks and includes conservation agreements and
directives such as the Wild Birds (1979) and Habitats Directives (1992) (Defra
2007; O’Connell and Yallop 2002). Around 10 % of land in the UK has been
designated as Sites of Special Scientific Interest (SSSI) or Areas of Special
Scientific Interest (ASSI): the primary protected area designation (DEFRA
2007). Within this, approximately 128,700 ha of woodland has SSSI designation,
which is about 4 % of just more than 3 million hectares of woodland in the UK
(Pryor and Peterken 2001; Forestry Commission 2011a). Beyond this type of
designation, other woodlands in the UK (e.g. more than 550,000 ha of ancient
woodland) are protected by additional forms of regulation and their conservation
encouraged by a variety of incentives. For example, the England Woodland Grant
Scheme EWGS has provided financial support to private owners for measures
that enhance restoration of ancient woodland, and contribute to the conservation
of particular species (such as red squirrel) or groups (e.g. woodland birds).
Importantly, there is also a greater focus on landscape-scale action and manage-
ment to better integrate forestry with other land uses and reduce fragmentation of
ecosystems to improve the long-term viability of habitats and species (Defra
2007; Quine et al. 2010).

3 Why Do Recreationists Recreate in Forests?

Studies over the years have demonstrated that there are a variety of reasons for why
people value forests for recreation. Forests are places where visitors can seek peace
and quiet, relax, take pleasure in the natural and cultural heritage, enjoy the com-
pany of friends and family, walk their dog or engage in physical activity (Martin
2006; O’Brien and Morris 2013). Encounters with wildlife may or may not be a
necessary element of the recreational experience (see also Carter et al. 2009,
Newsome et al. 2002a). In the UK Public Opinion of Forestry survey (Forestry
Commission 2011b), exercising (including walking, running and mountain biking)
was the most popular activity to be undertaken in a forest followed by dog walking,
relaxing and watching nature.

The benefits of spending time in forests and natural spaces have been widely
documented (for examples, see Health Council of the Netherlands 2004; Pretty
et al. 2005; O’Brien 2005; O’Brien and Morris 2009). Forests can contribute to
improvements in mental, emotional and physical health through stress relief, stimu-
lation of the senses and cognitive functioning, reduced blood pressure and help
weight loss from exercising outdoors (O’Brien 2005). There is growing interest in
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the extent to which forests can contribute to health improvements with initiatives in
the UK such as Branching Out (www.forestry.gov.uk/branchingout) and NHS Forest
(nhsforest.org) receiving policy and institutional support.

4 Ecological Impacts of Recreation on Forest
Habitats and Wildlife

Public interest in forests and their wildlife/biodiversity has been behind a number of
the drivers to regulate for and protect special species and habitats. However, there
are more direct (and negative) impacts and a substantial body of evidence has devel-
oped in recent decades regarding the impact of outdoor recreation on the conserva-
tion of wildlife. Impacts can be diverse, wide-ranging and in some cases strongly
detrimental (e.g. Marzano and Dandy 2012a, b; Anderson and Radford 1992; Cole
2004). They can include direct impacts such as ‘flight’ and changing foraging and
reproductive behaviour as well as indirect impacts such as habitat modification and
potential introduction of pests, pathogens and weeds. In a recent review of the inter-
national literature on recreational disturbance Marzano and Dandy (2012b, p. 29)
reported that:

habitats can suffer from reduced plant and vegetation cover, plant damage and abrasion
reducing growth and increasing premature leaf loss, reduced plant genetic and species
diversity, modification of soil properties, soil removal and compaction, surface litter reduc-
tion, and damage to lichens and mosses. Wildlife can be crushed, hit and killed or disturbed
through human or mechanical noise and/or close encounters. Recreational activities that
interfere with feeding, breeding, travelling or resting behaviour can induce an alert or flight
response affecting energy balances, social behaviour, increased vulnerability of the young
or nest predation.

However, the review also highlights the somewhat patchy nature of both ecologi-
cal and social evidence, particularly in UK forests; for example, whether the vertical
vegetation structure in forests increases or reduces the disturbance of wildlife and
whether the success or failure of species is related to the ecological conditions cre-
ated by recreational use of forests. There have also been little or no systematic
comparisons of forest types.

Much attention has focused on the impact of recreation on birdlife, vegeta-
tion and soils (e.g. Fernandez-Juricic et al. 2002; Banks and Bryant 2007;
Kissling et al. 2009). A great deal of evidence available suggests that walkers
can impact on habitats causing compacted soil, damaged or reduced vegetation
cover, reduced plant species density, a decrease in leaf litter biomass and
increased trail width and depth (e.g. Weaver and Dale 1978; Roovers et al. 2004;
Wimpey and Marion 2010). Trampling of soils and vegetation and erosion of
trails have also been documented in the literature on horse riding (Weaver and
Dale 1978; Landsberg et al. 2001; Littlemore and Barlow 2005), mountain bik-
ing (Jacoby 1990; Geraghty 2000; White et al. 2006), camping (Leung and
Marion 2004; Littlemore and Barlow 2005) and off road vehicle use (Buckley
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2004). Off Road Vehicle use was found to negatively disturb vegetation (Buckley
2004) and wildlife in some instances (Naylor et al. 2009), although Bayfield
(1986 in Newsome et al. 2002b) showed that in the Cairngorms, Scotland per-
ceptions relating to the negative impact of Off Road Vehicles were greater than
actual impacts measured.

Recreational activities can induce a ‘flight’ response in wildlife causing animals
to flee from cover, impacting on their energy balances, feeding and reproductive
behaviour as well as increasing the vulnerability of eggs or young. Walking (includ-
ing with dogs) makes up a large proportion of the disturbance literature although
much of this evidence is related to ground nesting birds or waterbirds in non-forest
habitats (Langston et al. 2007; Showler et al. 2010; Rasmussen and Simpson 2010).
The literature on camping, mountain biking and Off Road Vehicles provide evidence
that these activities impact on wildlife behaviour. In addition to a ‘flight” response,
recreational use of forests can lead to food conditioning and habituation to people
as well as avoidance or displacement into less favourable habitat (Liddle 1997,
Blanc et al. 2006; Valentine and Birtles 2004; Marion et al. 2008).

There are potential harmful impacts resulting from the spread of non-native
invasive weeds and pathogens through walker’s boots, vehicle and bicycle tyres or
horses’ hooves, coats hair and dung (Jules et al. 2002; Cushman and Meentemeyer
2008; Landsberg et al. 2001). However, some suggest that in practice horses are
not a significant vector as germination via dung, for example, is relatively low
(Campbell and Gibson 2001), although soil disturbance can lead to creation of
more suitable environments for invasive species (Newsome et al. 2002a). The
available evidence linking biosecurity threats with recreational use is mixed. Some
studies maintain that recreational use along hiking trails and forest paths by walk-
ers and Off Road Vehicle users can have a detrimental impact if potentially infected
mud and soil is not removed from tyres and hikers’ boots (Turton 2005; Cushman
and Meentemeyer 2008).

A number of studies have attempted to compare the disturbance impacts of
different recreational uses. Much of this evidence is context specific, focussed on
particular case studies, species or habitats and is therefore difficult to synthesise.
Few studies have found any direct evidence suggesting that mountain biking can
cause more disturbance to habitats than hiking or horse riding. However, it has been
noted that mountain bikers are faster and can cover more ground thereby potentially
disturbing more wildlife (Taylor and Knight 2003). Moreover, fast moving but quiet
activities (i.e. no talking) are less predictable and can cause more stress to wildlife
(Lathrop 2003; Sterl et al. 2008), while the popularity of mountain biking can sig-
nificantly contribute to overuse of the countryside generally (Ruff and Mellors
1993). In their study of wildlife watching in Australia, Wolf and Croft (2010) found
that wild Kangaroos were less disturbed by vehicles than tourists approaching on
foot. However, Off Road Vehicle disturbance is very dependent on driving practices,
the habitat in question and species type (Buckley 2004).

Many studies identified negative impact on forest wildlife and habitats from
recreational use in the short-term (e.g. Banks and Bryant 2007; Smith-Castro and
Rodewald 2010), but there are few longer term studies. Cole (2004) has noted that
impacts are unavoidable following repeated recreational use and that recovery is
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generally slower than the pace at which impacts from disturbance can occur
although this is dependent on physical (soil type, climate, structure and composi-
tion of vegetation, condition of trails) and social factors (type of use, frequency of
use, season or time of day).

5 Management of Impacts

It is common for ecological studies of recreational disturbance to recommend
some form of management. These include physical measures relating to site
itself or management of people. Site management can involve visual vegetation
screens, informational and/warning signs, trail maintenance and containment or
dispersal of visitors to reduce impacts on wildlife and habitats at specific sites
depending on the activity. Access restrictions can include buffer zones or mini-
mum approach distances, which are calculated according to the area of influence;
that is the area where human activity is most likely to disturb wildlife. Temporal
restrictions can be seasonal or occur more regularly such as on a daily basis.
Various codes of conduct such the UK Countryside Code as well as the universal
‘leave no trace’ policy (Littlemore and Barlow 2005) promote informed self-
regulation. However, there are concerns that self-regulating systems will not
work for vulnerable habitats and species and that restricting recreational use is
more appropriate, especially where vulnerable species and habitats are concerned
(Newsome et al. 2002b).

Attempts to influence the decisions and behaviour of visitors through educa-
tion and interpretation are also a popular option — although the difficulties in
being able to determine the effectiveness of such approaches has been noted
(Higginbottom 2004). There is a concern that even low impact educational pro-
grammes are based on the assumption that individuals suffer from ‘information
deficit’ such that negative behaviour is perceived to be the result of a lack of
knowledge (Barr 2007). Marzano and Dandy (2012a) looked to the behaviour
change literature, particularly cognitive theories and social practice theories in an
attempt to understand key factors influencing recreationists’ attitudes and behav-
iour. One central question is whether recreationists would change their behaviour
in forests if they were aware that recreational activities could potentially nega-
tively impact habitats and wildlife.

6 How Do Recreationists Perceive Their Impacts?

In many of the studies reviewed recreational disturbance is treated as an almost
exclusively physical phenomenon such as the act of trampling or conversational
noise. However, there is a significant gap concerning the social dimensions of
human-wildlife interactions such as the social and cultural norms affecting recre-
ationists’ behaviour, how information is understood and acted upon, and attitudes
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towards impacts. Studies by Sterl et al. (2008), Taylor and Knight (2003) and
Geraghty (2000) show that recreational users often have little awareness of the
impacts their activities can have on habitats and wildlife. Sterl et al. (2008) surveyed
271 visitors consisting of dog walkers, on-trail walkers and off-trail walkers. Out of
a list of 14 activities presented off-trail biking and dog walking were considered to
have the highest impact on wildlife although 60 % of those surveyed did not believe
that recreational activities created any disturbance. Similar findings were reported
by Taylor and Knight (2003) where 50 % of the 640 trail users did not believe that
recreation negatively impacted on wildlife. Factors influencing recreationists’ belief
that their activities do not disturb wildlife include engaging in unobtrusive behav-
iour, sticking to trails, staying quiet and obeying prescribed rules and regulations
(Thompson et al. 1987 and Cooper et al. 1981 in Klein 1993). However, Taylor and
Knight (2003) found that visitors were underestimating the impact of their activi-
ties, especially in terms of how close they felt they could approach wildlife without
negative consequences.

There is some evidence that recreational users are aware that their activities
can have some impact on habitats and wildlife, but generally they tend to hold
others responsible for the majority of negative impacts. Geraghty’s (2000) study
in a UK country park with 73 mountain bikers, hikers and horse riders found that
most participants believed other recreational groups were more responsible for
damage caused to trails. Hikers, for example, felt that horse riders and mountain
bikers equally had a negative impact on habitat with walking being the least
damaging. Horse riders agreed with this view although it was felt that as moun-
tain bikers are often concentrated in particular areas, the potential for signifi-
cantly impacting on vegetation is greater. Mountain bikers believed that horse
riding had the most negative impact. Similarly Heer et al. (2003) cite several
studies where hikers believed that mountain bikers negatively impacted on habi-
tats through the creation of new trails.

Overall, the range of evidence on the social dimensions of recreational use and
its impact on wildlife and habitats is limited. We know very little about the cultural
differences between recreationists related to their activities (King 2010), what social
factors govern when and where impacts occur (e.g. decisions to recreate in particu-
lar forests at particular times) and how recreationists perceive their impacts and
those of others. Research on the key social drivers influencing recreational users’
values, attitudes and behaviour in natural settings is also sparse.

7 Pro-Environmental Behaviours: Would the ‘Realisation’
of Impacts Change Behaviour in Forests?

There is a body of work that has examined the link between pro-environmental
attitudes and actual behaviour although none of these studies examine recreational
disturbance. Findings are mixed (Bright and Porter 2001), with some authors find-
ing non-existent or only weak associations between environmental values and
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pro-environmental behaviour (Lemelin and Wiersma 2007, see also Nord et al.
1998). In the sustainable consumption literature, Barr (2007) found that recycling
behaviour was highly influenced by the fact that such behaviour is now a social
norm while waste reduction and a re-use ethos were more influenced by environ-
mental and citizenship values, concern about the impact of waste on society and
personal welfare and knowledge of sustainability policy.

In early outdoor recreation literature, some studies explored the link between
participation in outdoor recreation and environmental attitudes, values and behav-
iour. These attempted to classify different types of activity according to their
expected impact on the environment such as ‘consumptive’ (activities that take
something from the environment such as hunting and fishing), ‘appreciative’ (activ-
ities that involve appreciation of the environment without altering it such as walk-
ing, nature watching and camping), or ‘abusive’ (activities that can involve
disturbance of habitat and wildlife such as mountain biking and Off Road Vehicle
use) (Dunlap and Heffernan 1975; Geisler et al. 1977).

A more recent study argues against such broad classification, suggesting that
each activity should be assessed individually (Teisl and O’Brien 2003), and there
is now some evidence that participation in forest-based recreation is likely to
increase pro-environmental behaviour — such as belonging to an environmental
organisation, campaigning for environmental issues or participating in an envi-
ronmentally friendly activity such as green consumerism (Nord et al. 1998; Teisl
and O’Brien 2003; Hung Lee 2011). That is, there is a positive relationship
between having the opportunity to experience, enjoy and learn about the natural
world and pro-environmental behaviour (Larson et al. 2011). Moreover, enjoy-
ment of forest-based recreational activities could potentially increase wider
engagement with and support for conservation of forests. Hung Lee (2011) found
that place attachment highly influenced a commitment to conservation and the
likelihood of environmentally responsible behaviour amongst recreationists.
However, such attitudes may not always prevail. In their survey of visitors to a
nature reserve, Taylor and Knight (2003) asked participants to signal whether
they would be supportive of certain management measures such as fewer trails,
seasonal closure of trails, minimum approach distances, allowing only one type
of recreation, requiring visitors to watch an educational video before embarking
on their recreational activities and greater regulation. There was more support for
the use of penalties against visitors who intentionally disturbed wildlife, but little
backing for other measures.

Just as we have noted the distant relationship between humans and forests,
Kareiva (2008) highlights concerns about a general decline in nature-based recre-
ation in the US, but also other countries worldwide. As humans are becoming
increasingly “disconnected from nature” there may be a negative impact on pro-
environmental attitudes and behaviour. He argues that, “Just as we track trends in
species loss and forest cover as key environmental indicators, we need to pay atten-
tion to trends in human behaviours and attitudes as the ultimate drivers of global
change” (2008, p. 2757). The notion that experiencing and engaging with nature
impacts upon outcome behaviour also lies behind popular well-being concepts such
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as ‘nature-deficit disorder’ (Louv 2005) and ‘restorative environments’ (Kaplan
1995). Nevertheless, while evidence suggests that exposure to nature does seem to
have some impact on environmental values and behaviour, it is unclear whether
recreationists’ would change their behaviour even if they were aware of the impacts
of their activities.

8 Conclusions

The shift towards ‘multifunctionality’ or sustainable forest management in recent
decades reflects the many social, economic and environmental benefits that for-
ests and other ecosystems provide. The conservation of biological diversity and
outdoor recreation are the two important benefits explored in this chapter. There
is evidence to suggest that people derive considerable benefits from observing or
knowing that wildlife is present in forests. However, there are complex trade-offs
involved with the potential that recreation can negatively impact upon the natural
environment and its components — soil, vegetation, wildlife and water but recre-
ation can also lead to pro-environmental behaviour that positively impacts on for-
est habitats and wildlife. With substantial legal conservation requirements and
strong policy support for increasing outdoor recreation to improve the mental and
physical health and well-being of society, managers are expected to makes
informed choices regarding the mix of these functions (and associated benefits) in
addition to others in their forests, not all of which have a market value or are
quantifiable. The co-production of conservation and recreation benefits necessar-
ily requires an understanding of the inter-relationship between humans and wild-
life/habitats, but as we have highlighted, the availability of this information is
currently sparse. While human-wildlife interactions take place across a range of
habitats and spatial and temporal scales, much of the published evidence is short-
term and small-scale, focussing on localised species/habitats and the physical
impacts of recreational groups. Moreover, the interaction between humans and
wildlife is a dynamic process that is rarely captured with wildlife additionally
responding to the environmental changes (e.g. forest ageing, climate change) and
human behaviour evolving in the light of socio-economic trends. We also cur-
rently have little evidence to suggest that recreationists’ are aware of the impact
that their activities may have on wildlife and habitats or that they are able or willing
to change their behaviour.

The co-production of multiple benefits remains a challenge for forest managers
with common management responses involving access restrictions such as buffer
zones, time and site restrictions and visual screens. However, a debate around the
potential for spatial segregation of different functions is under-developed. A com-
mon view perhaps is that co-production or multi-functionality is an aspiration for
all forests while others highlight the benefits of separating these functions
(Seymour and Hunter 1999). Greater scrutiny of the case for seeking multiple
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Fig. 1 Dog walkers enjoying
a stroll in the forest (Photos
are reproduced courtesy

of the Forestry Commission.
© Crown Copyright 2012)

functions from every single hectare of forests would involve an exploration of
whether spatial planning could produce more effective solutions at larger spatial
scales. This may present opportunities for novel management approaches, such as
sustainable intensification (Royal Society 2009), which would see the intensive or
‘precise’ (Lowe 2008) delivery of multiple forest functions, like recreation and
conservation, at discrete points within a landscape. Some have suggested these
decisions can be applied at the landscape scale; for example, Seymour and Hunter
(1999) proposed a landscape triad — forests reserves, intense production areas, and
broad-brush ‘ecological forestry’ — but how this can be achieved across multiple
ownerships, multiple existing woodland types, and in the face of environmental
change has yet to be established. It is also important to include the social dimension
when considering the challenges of managing for multiple benefits for multiple
stakeholders (e.g. Defra 2011). Our review has shown that there is a dearth of
understanding/evidence on these dimensions, but management decisions involve
more than just technical or economic considerations. ‘Forests for all’ is a worthy
aspiration but there is some way to go before this has a sound evidence base
(Figs. 1 and 2).
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Fig. 2 Forests are important
places for mountain bikers
(Photos are reproduced
courtesy of the Forestry
Commission. © Crown
Copyright 2012)
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Human Engagement with Forest
Environments: Implications for Physical
and Mental Health and Wellbeing

Simon Bell and Catharine Ward Thompson

Abstract Humans have always had close relationships with forest but since 2005
most people live in cities or urbanised areas. This has profoundly shifted the kind of
relationship people have with forests. Instead of being sources of utilitarian prod-
ucts, forests are increasingly valued for their benefits for physical and mental health
and wellbeing. Different forest types, such as wilderness areas, managed production
forests or urban forests offer different possibilities. Effects on the physical environ-
ment of urban areas, such as pollution reduction or temperature mitigation help to
provide healthier places to live while the ability to see or to visit green areas close
to home helps to reduce stress, to provide settings for relaxation, socialising and
physical exercise and provides aesthetic pleasure. Much recent research has
strengthened the evidence base for these benefits and public health policy in many
Western countries is beginning to take the results seriously. However the research is
focussed at present in Western countries, while the mega-cities with poorest envi-
ronments are in developing countries. It is here that the gaps in research and the
challenges for the future are to be found.

1 Introduction

1.1 The Social Context: An Urbanised and Aging Population

Sometime around 2008 the proportion of the world’s population living in urban
areas reached and passed 50 % for the first time in human history and this propor-
tion continues to grow (UN Population Fund 2007). While most developed coun-
tries became urbanised some time ago, starting in the late nineteenth century,
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through processes such as industrialisation, and accelerating after the Second World
War, for developing countries this trend is relatively recent. The major cities in
developing countries also tend to be much larger in scale (mega-cities such as Sao
Paolo, Dacca, Mumbai), less-well planned (with many people living in slums) and
lacking in many amenities such as clean water, satisfactory drainage and green
areas. Even when people do not live in strictly urban areas, many nevertheless have
urban values and lifestyles. Thus, the twenty-first century marks the beginning of an
era when we can speak of “urbanised societies” across the globe.

Life in a city has many advantages — more employment opportunities, better
access to educational, cultural and leisure resources, better transport and (at least
potentially) a life with more leisure time to enjoy these amenities. It can also have
many negative aspects ranging from overcrowding, the easy spread of communica-
ble diseases, pollution from gases and particulate matter, large amounts of refuse to
dispose of, higher levels of crime and a greater feeling of a lack of security as well
as a lower sense of community. The city also provides a constant stream of often
unwelcome stimulation — visual, auditory and olfactory — which can be stressful.

The move from a rural area, where life probably consisted of often strenuous
manual work and a diet of simple, unprocessed foods, to an urban area, often also
leads to a much more sedentary urban lifestyle and a diet of plentiful and cheap food
but which may also be high in fat, sugar and salt and low in fibre. The resulting lack
of exercise relative to calorie intake has caused a so-called “epidemic of obesity”
together with other associated lifestyle diseases or health conditions, such as Type
2 diabetes (Stein and Colditz 2004). These are factors which place major burdens on
health services, more so in the most developed urban societies in Europe and North
America, for example, than elsewhere, but this is now increasingly common
throughout the world.

The lack of green spaces in early industrial cities in the UK, Europe and the USA
was recognised as far back as the 1830s, when public health concerns and a recogni-
tion that fresh air and exercise was good for everyone, led to the development of
public parks (Ward Thompson 1998, 2011). This concern has been with us ever
since but urban expansion, uncontrolled sprawl and recent policy shifts towards
denser and more compact cities means that green areas are not easily accessible to
everyone living in an urban area. In deprived urban areas, even in affluent countries,
factors such as poor housing, low-paid work, low levels of educational achievement,
high rates of unemployment and poor availability of green areas, frequently go
together, leading to a poor quality of life (Department for Communities and Local
Government 2007).

We can make a distinction between purely urban societies — that is the people
who live in urban areas and for whom access to green space within the urban fabric
might vary according to social and economic as well as spatial factors — and urban-
ised people in general who may live in more rural or small-town areas, yet at the
same time lead an urban lifestyle, whether by choice or necessity (mill towns and
mining communities, often now in a post-industrial decline in the western world,
are typical of the latter) (Ward Thompson et al. 2004). For both groups, whether
they live in so-called ‘developed’ countries or, as is increasingly the case, in
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urbanising, developing countries such as China, Brazil or India, a common feature
of the urban lifestyle is a loss or diminution of connection with “nature” — that sense
of familiarity and frequent engagement (physically and emotionally) with non-
urban rural or forest landscapes. Green areas in the urban environment increasingly
mean managed parks, gardens and tree-lined streets and perhaps less-managed
transport corridors, derelict land or other “unofficial” green spaces. Wildlife may
live in these places but they may also be heavily used by people for all sorts of rec-
reation and be dominated by urban sights and sounds, making it difficult to achieve
any sense of escape from the urban environment.

The phenomenon of urbanisation also involves large-scale movement of people
from the countryside to the cities within countries and from rural areas in one
country or continent to urban areas in another (Bell et al. 2010). This is an age of
mass-migration, with frequent dislocation of people from their home culture and
community into a new and stressful environment. People newly arrived in cities in
a strange country may feel they have progressed socially and economically by mov-
ing away from rural poverty and they may associate rural areas and forests with the
environment they are grateful to have left behind. Others may find that the child-
hood memories of the countryside or forest lead them to seek out similar places in
their new neighbourhood, in order to feel a connection with the home and countries
they have left (Silveirinha de Oliveira 2012). Yet second and third generations of
people from rural backgrounds, whether immigrant into a new country or not, may
be fully assimilated into their new city and have become thoroughly urbanised, feel-
ing no such association with nature.

One of the great social and medical advances of the last century has been the
progressively rising life expectancy of people in developed countries, which has
been accompanied by reduced birth rates. This has led to the phenomenon of the
“ageing society” where increasing proportions of the population are over 65 years
of age (UK Department for Work and Pensions 2012). This longevity, as people
progress into their 80s or 90s, is accompanied by increasing physical and mental
health incapacities which need to be addressed by health services and social support
systems. Remaining physically and mentally active into old age is one way to defer
such problems and there is increasing interest in environments which offer opportu-
nities for a wide range of activities in which older people can participate.

1.2 The Forest and the City

The forest, in one sense, represents the antithesis of the city. Writing in the eigh-
teenth century, in his Scienza Nuova (New Science), Giambattista Vico claimed
“This is the order of human institutions: first, the forests, after that the huts, then the
villages, next the cities, and finally the academies” (Vico 1725, p. 239). This pro-
vides a metaphor for the human relationship with forests which were, and continue
to be, cleared to make way for agriculture which has enabled civilisations to arise
and so to develop into the urban-dominated environment of today. However, it also
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suggests that we have a historic relationship with forests which, apart from supplying
timber, fuel and forage, also provide us with other values — spiritual, aesthetic or
recreational, for example. Patrick Geddes, the Scot widely credited as the ‘father of
town planning’, developed the valley section in 1909 as a similar, abstracted expres-
sion of what a city in its region represented, with hills or mountains and forested
landscape in the uplands, giving way to pastoral and cultivated landscapes before
the development of the city, close to the sea. This diagrammatic section represented
changes in time as well as in space, but linked the city to the ‘natural’ or basic occu-
pations of forester, hunter or shepherd, for example, as an illustration of what the
ideal city still might be (Ward Thompson 2006). This link with the natural world has
been recognised as important for urban dwellers for as long as cities have existed, it
would seem, reflected in Martial’s concept of rus in urbe in ancient Roman times
and in mediaeval discussions of the virtues of access to green and wooded land-
scapes for good health (Ward Thompson 2011).

The development of the urban parks movement in the nineteenth century was in
large part a response to the cramped and polluted living conditions of factory workers
crowding from the countryside into rapidly industrialising cities. Access to parks was
not only seen as contributing to physical health and prevention of disease, but also to
the psychological and spiritual renewal of the urban working classes (Ward Thompson
1998). In the mid-nineteenth century, the term “lungs of the city” was cited repeat-
edly in the service of arguments to develop public parks, whether in Berlin, Paris or
New York City. The original use of the term “forest” (in English at least) was as a
hunting ground and not as the generally extensively wooded areas as we understand
the term today. It is no surprise, then, that for many urban dwellers the forests or
wooded areas which were most easily accessible to them for recreation were former
royal hunting forests such as the Tiergarten in Berlin, the Vienna Woods or the Bois
de Boulogne outside Paris (Bell et al. 2005; Ward Thompson 2011) (Fig. 1).

Today we recognise that urban dwellers have certain spiritual, recreational and
health and wellbeing needs that can at least in part be fulfilled by natural areas in
general, including forests. An increasing amount of research has been undertaken to
try to understand how these benefits arise, how important they are and how best to
ensure that as many people as possible can obtain them (Ward Thompson 2011).
What stands out is that most research has been carried out in developed countries
and that there are great gaps in evidence and understanding, especially in the con-
text of the swiftly urbanising mega-city regions, where little is known of local or
regional preferences, needs, demands or supply of social benefits from forests.

2 Different Forest Types for Human Engagement
and Social Use

In recent decades a wide range of types of forest have been recognised, which pres-
ent a varying set of opportunities and constraints to maximising the social and
health benefits they are capable of supplying. Equally, there are different cultural
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Fig. 1 People of Turkish background having a picnic in the Tiergarten in Berlin, Germany, a good
example of a former hunting forest now accessible to everyone. People of ethnic minorities
frequently use forests differently from the original population (Source: Simon Bell)

regions where the bonds with forests vary considerably. Adding to the complexity
of these inter-relationships, increasing migration means that people may live in
countries or regions where their links with the kind of nature they grew up with can-
not be maintained. Nonetheless, a useful starting point is to recognise the nature of
the forest resource that is potentially available for social use.

Firstly, there are protected “natural” forests, variously categorised as reserves,
wilderness areas or parks. These are landscapes where it is possible for those who
have the time and resources, as well as interest, to make the effort to travel there to
immerse themselves in as wild or natural an environment as it is possible to find.
People using such forests for recreation can also get away from crowds and (whether
by choice or necessity) communication technology, find a solitary experience if they
wish and practice self-reliance. These kinds of places are epitomised by the desig-
nated “Wilderness Areas” in the USA, which are generally managed by the US
Forest Service (United States Forest Service 2012). Since it usually requires a con-
siderable effort to get there, relatively small numbers of people generally benefit but
those that do gain considerably from the experience.

Secondly, there are vast areas of managed natural forests, which may be old
primary growth or mainly second growth, and which may be managed under
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industrial conditions primarily for timber or under multiple-objective regimes.
These are usually some distance away from urban areas, although some may be
within a relatively short drive. Their natural or aesthetic qualities may have
been compromised by decades of management, including logging, but if they
are managed as certified sustainable forests then they are often accessible (perhaps
through their legal status as public land or through a general recognition of the
right to public access even to private land for recreation and exercise — “every-
man’s rights”). They may be equipped with extensive networks of trails for
hiking, skiing or cycling and with parking areas, picnic sites and so on. These
kinds of forests are epitomised by those of Finland or Sweden, where outdoor
recreation is highly popular and where forests may be within reach of urban
centres by public transport, for example the Central Park in Helsinki, Finland,
which is a wedge of forest penetrating into the very centre of the city. These
countries are also characterised by large amounts of forests relative to small
populations. The culture is also strongly associated with forests in all sorts of
ways, e.g. through traditions of berry and mushroom picking at different times
of year (Vistad et al. 2010).

Thirdly, there are countries and regions where historical clearances of forests for
agriculture and urban expansion have led to more recent reforestation programmes,
initially for timber production but increasingly to provide multi-purpose forests for
a wide range of social and ecological purposes. Some of these forests may be domi-
nated by exotic species of trees while recent trends are to use native ones. Countries
with small amounts of forest but large urban populations, such as the UK, the
Netherlands or Denmark, are typical of this type. The cultural associations with
forests are typically weak in these countries as a result of the long period without
substantive woodland cover since clearances took place, as well as the long history
of urbanisation (Elands et al. 2010) (Fig. 2).

Fourthly, there are forests close to or within urban areas. These may be tracts
of forest which were protected in some way, such as former hunting parks or for-
ests that have become incorporated into the urban fabric, or they may be areas
specially planted to benefit the urban population, such as the Black Country Urban
Forest in the former industrial heartland of the English Midlands. The concept of
the “urban forest” includes not only these kind of wooded areas but also park,
street and garden trees — in fact any trees found within the urban envelope
(Konijnendijk et al. 2005). This approach has been a significant focus of develop-
ment in research and urban green space management practice over the last 20 or
so years, in both America and Europe, and has also found a role in Asia and else-
where. With the advance of urbanisation it seems clear that the concept of urban
forestry has much to offer and it is unsurprising that such forests are a focus of
recent research efforts. Clearly, these are the areas that are likely to be under most
pressure from the forces of urbanisation and also from over-use by urban popula-
tions. They also offer possibilities for providing both direct and indirect benefits
of many kinds, ranging from benign effects on the urban environment’s atmo-
sphere, hydrology and ecology to aesthetic, recreational and health benefits, as
will be demonstrated further below.
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Fig. 2 The Vestskogen — or West Forest — in Copenhagen, Denmark, is an example of a relatively
new urban forest, planted to provide recreational access as part of the famous Copenhagen
“Fingerplan” for the development of the city (Source: Simon Bell)

3 The Evidence on Health and Wellbeing Benefits
from Human Engagement with Forests

Human engagement with forests clearly goes back many millennia, as Vico
succinctly pointed out (Vico, ibid), but in the context of urbanised societies we are
less concerned with the contribution that forests may make to basic requirements
of survival and more with what Maslow and others have termed ‘higher level’
needs (Maslow 1954) associated with wellbeing, fulfilment and pleasure.
Engagement with forests for health and wellbeing can be direct or indirect, active
or passive, external (viewing the forest as part of the landscape) or internal (being
within it) or a combination of these. There have been several recent, wide-ranging
initiatives to try to grasp the multiple facets of these different modes of engagement.
The initiatives include three European Union funded COST Actions' covering
“Urban Forests and Trees”, “Forest Recreation and Nature Tourism” and “Forests,

'COST stands for Cooperation in Science and Technology and the system facilitates networking
primarily among researchers but also includes practitioners and policy makers.
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Trees and Human Health and Wellbeing”. Each of these produced a range of pub-
lications and reports which brought together research and practice, often from
widely diverse fields, thereby emphasising the multi-disciplinary character of the
subjects (Konijnendijk et al. 2005; Bell et al. 2007b, 2009; Probstl et al. 2010;
Nilsson et al. 2011). IUFRO? has also focused on this area recently, establishing a
Task Force on ‘Forests and Health’ and also the new thematic research agenda of
‘Forests for People” which held its first conference in Austria in May 2012°.
A Nordic-Baltic network called CARE-FOR-US (Centre for Advanced Research
in Forestry Serving Urbanised Societies)* is also into its second period of funding
and is focussing on various aspects of environmental, social and health benefits in
the Nordic-Baltic region.

There is thus a considerable, and growing, literature on themes related to wellbe-
ing and human engagement with forest environments, and an ongoing programme
of research to develop better understandings on this theme. This chapter can only
touch briefly on each of the different aspects of engagement and wellbeing benefit.
Expertise on specific fields is associated with particular research networks linking
universities and forest institutes and is often clustered in specific locations or regions
around the world.

3.1 Effects on the Human Physical Environment

It is well-known that urban areas develop their own micro-environment. This
results in phenomena such as: the so-called “heat island” effect, where tempera-
tures in an urban area can be several degrees higher than in the surrounding rural
landscape; increased run-off and localised flooding due to an increase in sealed
surfaces; increased air turbulence and windiness, due to the effect of air flows
around tall buildings being more extreme; and gaseous and particulate air pollu-
tion from vehicle exhaust gases, industrial emissions and domestic heating and
cooking sources (particularly in developing countries) (Tyrvéinen et al. 2005).
These effects can be detrimental to human health and safety and all can be miti-
gated to a certain extent by the presence of greater proportions of green areas in
general and trees in particular, although with some limitations (de Vries 2010).
Shade and evapotranspiration help to cool the urban micro-climate; trees inter-
cept rain and green areas help sub-surface infiltration of water; trees create shel-
ter from or reduce the variability and turbulence of wind gusts, depending on the
species and location; and, finally, trees and vegetation trap dust and reduce
many aspects of air pollution. However, these positive effects are not universal

2JUFRO is the International Union of Forest Research Organisations with its secretariat in Vienna.
Division 6 is concerned with social aspects of forestry.

3http://ffp2012.boku.ac.at/
“http://www.nordicforestresearch.org/care-for-us2/
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Fig. 3 Street trees in Bordeaux, France, are part of the “urban forest” and help to provide
much needed shade and to trap dust, among other benefits to the urban microclimate (Source:
Simon Bell)

and in some circumstances there can be negative effects, such as when poorly
sited trees trap pollutants at street level and prevent them from dissipating
(Sieghardt et al. 2005) or where trees produce aromatic hydrocarbons or pollen
or harbour insects which may provoke allergic reactions in some people. Trees
planted in order to provide benefit in one way may cause a problem in another
due to poor positioning or poor choice of species, so there remains a need for
research to improve the efficiency and minimise unwanted side-effects of the
urban forest in this regard (Fig. 3).

Despite certain limitations of the sort just described, the many benefits of
trees in cities are clear, and may seem self-evident to forestry and tree profes-
sionals. Yet their overriding benefits may not be so evident to engineers, planners
or architects who may yet need to be convinced of the case. With the current,
widely-applied policy focus on urban densification (Rogers et al. 1999), green
areas may be squeezed out of cities. Yet if urban areas become more compact, with
a higher density of residents, then the need for a better urban micro-environment
becomes greater, not less, and the case for a strong green infrastructure which is
not just mown grass, i.e. that includes trees and their many benefits, needs to be
made more strongly. Further work on establishing the economic justification of
urban green and urban forest areas in this area of benefits is also needed.
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3.2 Aesthetic Aspects of Forests and Trees

Forests and trees are major elements of the landscape. In this context, the term
‘landscape’ is taken from that of the European Landscape Convention — “An area
of land as perceived by people which has arisen as the result of natural and/or
human processes...” (Council of Europe 2000). This emphasis on perception is an
important aspect and should be understood as differentiating the term landscape as
used here from that commonly used in landscape ecology. Aesthetic preferences
for both external views — the forest as scenery — and internal views — as experienced
from paths or tracks within the forest — have been researched for many years and
a significant body of practice has also been built up that draws on understandings
of preference, especially in those countries where forest management activities
which cause major changes to the landscape have been, or continue to be, common
(Bell and Apostol 2008). This principally means practice that pays attention to
the landscape implications of logging and associated activities such as road con-
struction in managed natural forests and planting, logging and road construction
in plantation forests.

The main foci of research into, and implementation of, aesthetic or visual design
principles have been the USA, the UK, Canada, Australia and Scandinavia. The
main concerns have been about the perceived reduction in “naturalness” by the
introduction of plantation elements with geometric shapes into the landscape as
well as the impact in closer views of logging activities (such as debris). Aesthetics
as a subject lies at the interface of philosophy, environmental psychology and land-
scape design and involves many factors. Primarily it is concerned with the pleasure
obtained from looking at or experiencing the landscape (Bell 2012). Forests,
because of the way that trees enclose the observer, screen or focus views and
contribute to a multi-sensory “engagement” with the environment, create specific
aesthetic conditions. Much empirical research has involved carefully controlled
studies of preferences for different scenes or management interventions, mainly
using photographs or visualisations of different landscape types or forest manage-
ment activities (Daniel and Boster 1976; Karjalainen and Tyrvainen 2002). Most
studies reveal similar results across a range of cultures, although there are differ-
ences (Kohsaka and Flitner 2004; Han 2007). However, the focus of work in
Western countries leaves many gaps in understanding the role of forest aesthetics
in other cultures and also how such concerns emerge as countries become more
developed, as tourism values associated with scenery take on more importance and
as middle classes emerge who have time and inclination to be concerned about
aesthetic qualities. Thus there is considerable research needed to extend the under-
standing of these issues in different cultural contexts across the globe (Ward
Thompson 2012) (Fig. 4).

The urban forest can play a different aesthetic role, above and beyond those
considered above. Here the presence of trees in streets, parks and gardens can serve
to introduce natural and green elements into an environment otherwise dominated
by built forms and artificial elements (Bell et al. 2005). The wealthier residential
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4

Fig. 4 The aesthetic enjoyment of being in a forest — in this case a managed one in Estonia —
enables us to relax and provides a valuable setting for other forms of engagement, both physical
and psychological (source: Simon Bell)

areas in almost all cities are also leafy or have views from houses and apartments
which include substantial amounts of green vegetation, with trees having a domi-
nant role due to their height and longevity. Studies have shown that houses with
views of trees and green spaces tend to sell for higher prices so, in this respect,
trees as aesthetic objects can also have a market value which can be calculated
(Tyrviinen and Miettinen 2000). However, these studies are limited in number and
geographic coverage and more research is needed in order to be able to obtain a
better idea of the degree to which these relationships can be generalised across
countries and cultures.

3.3 Restorative Environments and the Psychological Benefits
of Nature Experiences

A comparatively recent field of research focuses on the “restorative” effects of the
natural environment (Hartig 2007; Hartig et al. 2011). The attention restoration
theory of Rachel and Stephen Kaplan (Kaplan and Kaplan 1989; Kaplan 1995) is
one approach to explaining why certain types of environments, particularly natural
ones, appear to be effective in stress reduction and restoration from fatigue. The
theory suggests that directed attention used in coping with complex patterns of daily
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life, including work, is a highly limited resource, easily exhausted if there are not
opportunities for recovery. People recover best in environments where this system
can rest and where they can use another type of attention — involuntary attention or
‘soft fascination’ — which the natural environment is particularly well-suited to sup-
porting. There is evidence to show that, for people suffering from mental fatigue,
looking out of a window at a scene which includes natural elements such as trees, or
perhaps sitting for a while in a garden surrounded by plants and trees, speeds up the
restoration compared with a break where only built elements are visible. This dem-
onstrates the potential for urban trees to contribute to improved wellbeing, to say
nothing of employees’ productivity, when more people work in jobs which require
sustained periods of concentration. As the number of people working in such
jobs — often involving IT — increases globally, the potential benefits are significant
yet the research has only begun to scratch the surface.

It is not only work which can be stressful; merely living in an urban environment
can include exposure to many psychological stressors, as noted in the introduction.
“The struggle to pay attention in cluttered and confusing environments (such as
crowded urban ones) turns out to be central to what is experienced as mental fatigue”
(Kaplan and Kaplan 1989, p. 182). Research is beginning to show how viewing a
forest scene compared with an urban scene can have positive effects on physiologi-
cal indicators of stress such as blood pressure and hormone levels.

Such evidence builds on theories such as the biophilia hypothesis (Kellert and
Wilson 1993) and theories and models suggesting that the human response to the
environment is strongly rooted in our evolutionary origins (Orians and Heerwagen
1992; Ulrich 1999). A psycho-evolutionary basis for the benefits of engagement
with natural environments is supported by the strong evidence for physiological
and psychological responses to perceiving nature which are thought to take place
via psychoneuroendochrine mechanisms, independent of conscious activity
choice. Being in or viewing wooded or natural environments has been shown to
reduce physiological measures of stress including blood pressure, heart rate, skin
conductance and muscle tension (Ulrich et al. 1991; Hartig et al. 2003; Ottosson
and Grahn 2005). In Japan, a study exploring the effect of a walk in the forest
(‘Shinrin-yoku’ — taking in the forest atmosphere) has shown that such environ-
ments can promote lower concentrations of cortisol, lower pulse rate, lower
blood pressure, greater parasympathetic nerve activity and lower sympathetic
nerve activity when compared to city environments (Park et al. 2007, 2010; Lee
et al. 2011).

Recent, innovative work in the UK has shown how higher levels of green and
natural space in deprived urban communities are linked with lower stress, mea-
sured both subjectively and objectively, using diurnal patterns of cortisol secre-
tion (Ward Thompson et al. 2012). Diurnal cortisol patterns indicate everyday
circadian rhythms of health and are sensitive to the longer term effects of stressors
in the social and physical environment; the patterns will reflect any hormone dys-
regulation that is associated with conditions such as clinical depression or chronic
stress. Thus, an association between access to natural environments and healthy
cortisol cycles is particularly compelling in suggesting that spending time in
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Fig. 5 Pre-school children in Austria attending a forest kindergarten. They are able to become
familiar with the forest and nature and studies have shown that there are benefits from such engage-
ment from an early age (Source: Simon Bell)

natural environments such as forests may help to reduce mental and psychological
ill-health. An epidemiological study of a large, general population sample from
across Scotland has shown that physical activity in natural environments is associ-
ated with a reduction in the risk of poor mental health to a greater extent than
physical activity in other environments, and that regular users of woodlands or
forests for physical activity were at about half the risk of poor mental health of
non-users (Mitchell 2012).

Forest settings have also been shown to benefit children and adolescents, espe-
cially those with behavioural problems and mental disorders who can be highly
disruptive in conventional school settings. A recent, comparative study with chil-
dren aged from 10 to 13 years showed that the forest setting was advantageous to
mood in all behaviour groups but particularly in those children suffering from ‘men-
tal disorder’ (Roe and Aspinall 2011a). Detailed analysis of a small group of chil-
dren with severe behavioural problems illustrated how the forest setting offered
opportunities for curiosity, creativity, exploration and challenge, opportunities
largely missing in these young people’s lives to date, and how the setting allowed
therapeutic processes to occur naturally, without professional intervention (Roe and
Aspinall 2011b). These are important findings for today’s urbanized society, where
a childhood without access to woodlands and natural places may contribute to the
difficulties young people and adults experience later in life (Ward Thompson et al.
2008) (Fig. 5).
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3.4 Forests, Physical Activity and Health

The sedentary lifestyle of modern Western societies is contributing to the epidemic
of obesity and poor cardio-vascular health, such that a major focus of public health
organisations is to increase physical activity (Pate et al. 1995; Department of Health
2004; U.S. Department of Health and Human Services 2008; Department of Health,
Physical Activity, Health Improvement and Protection 2011). Motivating people to
take more exercise is proving difficult in many circumstances and it seems that part
of this has to do with the environment in which the exercise takes place as well as
barriers such as cost or the accessibility of places in which to exercise. Findings from
a cross-European study showed that the quality of the landscape appears to influence
physical activity (Ellaway et al. 2005). In urban areas, people may go to parks or
other open spaces for exercise and these may be very busy in some cities. The attrac-
tiveness of a forest is that it provides a much more pleasant ambience for physical
activity and, if it is large enough, it can accommodate a range of different forms of
recreation which promote physical health, mental restoration and aesthetic pleasure
all at once. Research on local woodland use by communities in Scotland showed that
the predominant use is for walking and cycling, suggesting that forests can play a key
role in maintaining healthy and active lifestyles for all ages and both sexes (Ward
Thompson et al. 2004, 2005). Compared with streets or small open spaces, forests
provide a much more pleasant environment with less pollution, cleaner air to breathe
while exercising and potentially the beneficial effects of aromatic hydrocarbons.

In countries with a strong cultural association with forests, such as Finland, forests
may be the location of choice for outdoor recreation and exercise and children are
brought up able to ski cross-country and be comfortable with the forest environment.
This familiarity means that they frequently develop the habit of visiting forests and
gaining multiple benefits from this. In other countries where there is less forest and less
of a cultural connection, forests may be less attractive, so that people may miss out on
the benefits. Fear of crime, of being attacked or getting lost may be a major barrier,
especially to women in some urban environments, while children may be discouraged
or prevented from playing in woods owing to safety concerns (Ward Thompson et al.
2004). However, a North American study of women’s experience of exercise such as
running or cycling showed that it was more enjoyable and meaningful in a large park
with many woodland trees, compared to in the street, because of the beautiful scenery
and the therapeutic or spiritual experience associated with the park’s aesthetic qualities.
The park afforded a traffic-free environment where women felt freer to dress comfort-
ably and generally less susceptible to unwelcome remarks (Krenichyn 2006).

4 Broader Aspects of Forest Recreation

Forests, because of public ownership or everyman’s right of access, often provide
extremely valuable opportunities for general recreation across the spectrum of potential
activities, from relaxing, sitting or walking the dog to jogging, cycling or skiing, etc.,
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which may include obtaining aesthetic pleasure, restoration, reduction of stress and
obtaining physical exercise. Forests also provide a good setting for family or friends’
groups and social activities such as children’s play, picnicking or having a barbecue.
Indeed, the woodland environment seems to offer particularly rich opportunities
for inter-generational activities, such as grandparents and their grandchildren sharing
knowledge about the natural environment, and for children’s play that has different,
multisensory qualities that distinguish it from play in conventional urban environments
or playgrounds (Ward Thompson et al. 2004, 2008). As mentioned earlier, forests can
provide opportunities for activities and freedom of movement for teenagers and
young adults that may be important for their development and difficult to provide for
in the conventional urban environment (Bell et al. 2003).

The kind of activity taking place in forests varies according to social and cultural
contexts. In countries with large numbers of people of immigrant origin from different
cultural backgrounds, there may be rather different demands for recreation than
those commonly undertaken by the majority population. In some cases, as noted in
the introduction, some ethnic groups may not use forests or other outdoor space at
all. This may be for a variety of reasons and attempts to understand this phenome-
non and to increase the use of green spaces including forests and woods among
minority ethnic groups have met with mixed success (CABE 2010). In some cultures,
such as Muslim communities, young girls and women generally stay at home or
indoors and, if they go to parks or green areas, they need to be there in the company
either of male relatives or only of other women. This clearly limits the possibilities
of these groups participating in outdoor recreation, unless special areas are set aside
for them or the environment offers opportunities for separate use of different spaces,
a demand highlighted in some cities in the UK (CABE 2010). Forests and wooded
parks have the benefit of providing visual screening that can offer such spatial
differentiation and may therefore be particularly valuable in providing opportunities
for different cultural groups to enjoy outdoor recreation within comparatively private
family groupings.

The ageing demographic of the global population means there is increasing
interest in environments that support healthy activity into old age. Maintaining
physical activity is an important way for older people to remain fit and healthy and
for preventing or reducing the impact of a range of problems such as osteoporosis in
women (Simonsick et al. 2005; Sugiyama and Ward Thompson 2008). Studies have
shown that the presence of attractive trees and vegetation in a local park may be a
significant attraction for walking in an older population, as for younger age groups.
However, the physical conditions of accessibility to natural areas such as forests
must be considered. The surfaces and gradients of paths, the provision of benches at
regular intervals, hand rails along paths with steeper gradients and provision of suf-
ficient information explaining the lengths and conditions of paths have been found
to be important aspects to be considered when planning to make areas accessible for
older people (Aspinall et al. 2010) (Fig. 6).

There are also people with a wide range of disabilities whose needs must be
considered. This includes people with mobility impairment, making walking diffi-
cult or impossible, people who are blind or visually impaired, those who are deaf or
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Fig. 6 Older people benefit a lot from physical exercise — here older Dutch people are taking it
seriously in a state forest (Source: Jan Blok)

hard of hearing, and people with a range of cognitive impairments or mental
disabilities. People with some form of disability are often poorly provided for so
that they are either unable to visit or to fully enjoy the outdoors. Enough is now
known about how to provide support for many aspects of impairment so that people
with a disability can benefit from the rich experience of a forest visit; the main prob-
lems are probably lack of awareness among planners and managers and lack of
funds to implement special facilities (Fig. 7).

5 Social and Community Engagement with Forests

In many countries so-called “community forests” are an important element of the
forest estate. In developing countries these may be substantial areas managed for
the benefit of local communities and be important sources of food, fodder, grazing
and fuel and also providers of non-timber forest products with an economic value.
In developed, Western countries, such areas tend to be smaller and to fulfil different
objectives. A community forest generally means one managed by, as well as for,
the benefit of the local community and the focus may be on recreation, nature con-
servation and social engagement. When woodlands in and around towns are
planned and managed by local people they offer many benefits over and above the
recreation and health ones already discussed above. These may include the possi-
bilities to work together in a socially valuable endeavour, to make a personal or
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Fig.7 Disabled people may need special equipment or better surfaces to access the forest but they
gain a lot from being able to visit (Source: Simon Bell)

communal investment into something with long-lasting and growing benefits for
future generations, for communities from different backgrounds to mix and work
together, to introduce children to nature and generally to obtain altruistic feelings
of caring for nature and the environment. Such projects include the Forestry
Commission Scotland’s programme for ‘Woods In and Around Towns’ (WIAT),
focused on the more deprived urban communities in Scotland, where social capital
and cohesion may arise from investment in physical and social infrastructure and
community engagement with forest maintenance and woodcraft skills, above and
beyond any benefits from mental or physical health (Roe and Ward Thompson
2010; Ward Thompson et al. under review) (Fig. 8).

6 Challenges for the Future

The ranges of benefits to health and wellbeing discussed in this short overview
reveal a developing field of knowledge which has not been ignored by policy mak-
ers or practitioners in some countries but which still needs much more research and
promotion. The challenges can be considered under two aspects: breadth and depth.
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Fig. 8 People engaging with the forest — Lochend Woods, in Dunbar in Scotland — as part of a
community group, helping to manage a forest and to take part in activities celebrating it (Source:
Simon Bell)

The breadth of the understanding of and research into human engagement with
forests, as has been noted above, has tended to be focussed in major developed
countries such as Europe, North America, Australasia and Japan. The influence of
organisations such as IUFRO has made sure that forest research agencies and institu-
tions in a wide range of countries can network and focus on all fields of forest
research but, understandably, given the different priorities in developing countries,
the area of human engagement as discussed in this chapter has been lower on the list
of priorities. However, with rapid rates of development in countries such as India and
China, the rapid urbanisation as noted in the introduction and the increasing numbers
of middle-class people employed in jobs which produce the same sedentary condi-
tions and same mental stresses as those experienced in developed post-industrial
regions, it seems clear that the research and policy focus described in this chapter
should be expanded more widely. The research findings from the regions where this
has been carried out may be generally transferable but there may be important envi-
ronmental and cultural differences which mean that repeating studies in different
conditions would add to the evidence base in valuable and distinctive ways.

The issue of depth of research arises from the increasing need to establish evi-
dence of a quality that is recognised as valid in the world of public health and medi-
cal research, where standards and expectations of research methods, sample sizes,
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experimental design and statistical validity are frequently much more demanding
than those of forestry, for the simple reason that human lives may be at risk from
poor research conduct. This issue has already been recognised and some innovative,
trans-disciplinary research is being undertaken, but it is still an important issue for
the future (Ward Thompson 2011; Ward Thompson et al. 2010). Identifying research
priorities for green and public space, including urban forests, has been carried out
already, e.g. by Bell et al. (2007a), and recently the European Forestry Institute
conducted a research foresight exercise about urban forestry, the results of which
will be published at some point.

A further challenge is that of translating research into aspects such as the health
benefits of forest environments into practice, and in using practice to inform
research. The obstacles arise as a result of the different traditions, expectations,
languages and limited experience of these disciplines working together (Van Herzele
et al. 2011). There are some examples from Europe but these are sporadic and not
necessarily sustainable (Bell et al. 2011). More work, especially using action
research approaches would help to strengthen the evidence base.

7 Conclusions

The subject field of human engagement with forest environments for physical and
mental health and wellbeing is, in some senses, surprisingly well-developed and has
seen an upsurge in research and application in the last decade or so. The issue is also
rising up the research and policy agenda because the world is becoming much more
urbanised and the results of urban lifestyles are causing concern in terms of health,
wellbeing and quality of life. Forests have been demonstrated to play a key role,
along with other forms of green space, in many aspects of environmental support for
healthier lifestyles. However, the focus of research in developed countries and the
still weak connections with the health-related professions are issues that need to be
addressed and which cause complexities and difficulties for achieving the best pos-
sible outcomes. Awareness that the natural environment, and forests in particular,
might play a role in enhancing health, and perhaps prevent illness at a fraction of the
cost of post hoc medical intervention suggests that research into the salutogenic
aspects of forest environments for human society is an urgent need in an urban world.
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in China: Achievements in the Past
and Challenges Ahead
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Abstract China has made great strides in increasing its forested area and standing
volume over the past two decades, largely attributed to sustainable forest manage-
ment. Forest management in China has gone through two stages, i.e. timber-oriented
forest management that once caused several problems such as depletion of forest
resources, soil erosion and desertification before 1990s, and sustainable forest
management after the 1990s. The practice of sustainable forest management in
China mainly includes continuous efforts through government initiatives to restore
degraded landscapes and encourage production orientated plantations through its
six key forestry programs, providing policies, encouraging community-based forest
management, and individualizing forest management in collective forest regions.
In spite of the achievements made in sustainable forest management, China is still
faced with challenges, including limited suitable areas for afforestation/reforestation,
balancing the demands between economic requirements and ecological needs from
forests, improving the quality of forests to improve its protective functions and
ecosystem services. Therefore, innovations need to be explored for the country’s
sustainable forest management in the future.

On November 17, 2009, State Forestry Administration of China (SFA) officially
released the 7th (2004-2008) National Forest Inventory (NFI) data to the public in
Beijing (SFA 2009a). The outcomes of NFI show that China’s forest area and forest
stock volume (or the standing inventory of trees) has been increasing steadily since
the forest area and stock volume increase of the 4th NFI (1989-1993). China’s
sustainable forest management system has therefore made great contributions to the
“dual increase” of both the forest area and forest stock volume.
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1 Introduction

China has paid great importance to forest sustainable management in its national
development strategies. Nowadays, sustainable development is a general concern
of the international community to which the Chinese government has always
attached great importance. As a large developing country, China is fully aware of
its obligations and potential roles in protection of global ecosystems and envi-
ronment, and the Chinese government gives top priority to the global issue of
the twin goals of environmental protection and sustainable development. China is
striving to use natural resources more efficiently, is speeding up ecological con-
struction and environmental protection in its national strategies, according to the
principles of Agenda 21 of the Rio Declaration on Environment and Development,
Statement of Forest Principles, of the United Nations Conference on Environment
and Development (UNCED), Rio Janeiro, Brazil in 1992. Since the beginning of the
twenty-first century, China has established a scientific outlook for the implementing
its economic and social development, with its guiding principle and basic require-
ment being to adhere to the people-oriented, comprehensive coordinated and
sustainable development. Forestry has naturally become one of the most important
national sustainable development strategies. The Chinese government, based on
the deep understanding of the role of forests to ecology, economics and society,
has realized that forests can contribute to four major objectives in the national
development and overall strategy planning, i.e. they have a considerable role in
supporting the sustainable development strategy, play a primary role in ecological
system building, are fundamental to Western Expansion and are critical to tackling
climate change (Wen 2009).

1.1 China’s Basic Information and Its Forest Distribution

Basic Information of China

China is situated in eastern Asia and bounded by the Pacific Ocean to the east. It is
the third largest country in the world, it has an area of 9.6 million square kilometers,
which is one-fifteenth of the world’s landmass. The Chinese border stretches over
22,000 km on land and its coastline extends well over 18,000 km, washed by the
waters of the Bohai Sea, the Huanghai, the East China and the South China Seas.
The Bohai Sea is China’s only inland sea. There are 6,536 islands larger than
500 m?, the largest being Taiwan, with a total area of about 36,000 km?, and the
second, Hainan. The South China Sea Islands are the southernmost island group of
China (more details see map of China). At the end of 2011, China’s total population
in the mainland amounted to 1347.35 million with a population density per sq km
of 141 people (Statistics China 2012).



Sustainable Forest Management in China... 95

XIZANG
S iEET)|

China

Intemational boundary
== Province-level boundary
% National capital
L] Province-level capital
Railroad
———— Road
f|  Actoromous reions and municiaadties in facs
500 Kilometers
]
(] 500 Mies
Eambart Contuomal Corve Fropcion, 57 T 454
50

Base BO2714A1 (ROO152) 3-01

Map of China (http://www.chinapage.com/map/china_pol01.jpg)

Forest Resources Distribution in China

China’s forest resources distribute into five major regions due to its diversity of
climate styles and landscapes across the whole nation.

Northeast Inner Mongolia Forest Region

This forest region is located in the provinces (autonomous region) of Heilongjiang,
Jilin and Inner Mongonia, covers the mountains of Daxing’anling, Xiaoxing’anling,
Wandashan, Zhangguangcailing and Changbaishan. With humid climate and
mild mountainous topography, the forest region is an ecological barrier for the
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Songnen Plain, Sanjiang Plain and Hulun Buir Grassland in the northeast China
and an important timber production base as well. The forest coverage is high at
67.10 % and the forest area is 35.90 million ha and forest stock volume is 3,213
million cubic meters in the forest region (SFA 2009a).

Southwest Mountainous Forest Region

This forest region covers some parts of the provinces of Yunnan and Sichuan and
the Tibet autonomous region. Characterized by low latitudes, high elevation,
topographic variation, favorable conditions of water and heat, and high levels of
biodiversity. This region is known as “the kingdom of animals and plants” and
China’s treasure house for it’s riches of unique wild fauna and flora. Forest coverage
is 23.00 % and the forest area is 43.48 million ha and forest stock volume is 5,090
million cubic meters in the forest region (SFA 2009a).

Southeast Low Mountain and Hilly Forest Region

This forest region covers all or some parts of the provinces or autonomous regions of
Jiangxi, Fujian, Zhejiang, Anhui, Hubei, Hunan, Guangdong, Guangxi, Guizhou,
Sichuan, Chongqing and Shanxi. It lies in the subtropical zone with a mild climate
and plentiful rainfall, which provide favorable natural conditions suitable for grow-
ing trees including of Chinese Fir, Masson Pine, and Gum Tree. This region is known
as an important region for growing timber and the economic value of its forests. The
forest coverage is again high at 51.97 %, the forest area is 57.81 million hectares and
forest stock volume is 2,565 million cubic meters in the forest region (SFA 2009a).

Northwest Mountainous Forest Region

This forest region consists of forests growing in the mountainous areas such as
Tianshan and Altai in Xinjiang Uygur Autonomous Region, Qilianshan, Bailongjiang
and Ziwuling in Gansu Province, Qinling and Bashan in Shangxi Province. Most
forests of the region are natural and distributed in high mountains with good water
conditions. This region plays a decisive role in ecological environmental protection
and socio-economic development in northwest China. In this forest region, the forest
coverage is 39.14 %, the forest area is 5.09 million ha and forest stock volume is
5,310 million cubic meters (SFA 2009a).

Tropical Forest Region

The forest region, featuring parts of Yunnan, Guangdong and Hainan Provinces and
the Guangxi and Tibet Autonomous Regions, is blessed with warm climate, plenti-
ful rainfall and long growing period for diverse types of tropic forest and monsoon
rain forest with an evergreen-crown and large-diameter trees in a complex structure.
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Table 1 Forest resource distribution of five major forest areas. Unit: 10,000 ha, 10,000 m?, %

Percentage of the Percentage of the
Forest Forest forest area of in Forest stock forest stock volume of

Forest regions coverage area the whole country volume in the whole country
Northeast Inner  67.10 3,590.09 16.68 321,269.48 24.04

Mongolia
Southwest 23.00 4,348.02 20.20 509,024.38 38.09

Mountainous
Southeast Low  51.97 5,780.65 26.86 256,458.50 19.19

Mountain

and Hilly
Northwest 39.14 508.86 2.36 53,093.23 397

Mountainous
Tropical 44.57 1,180.37 5.48 86,260.91 6.46

Source: SFA 2009a

In this forest region, the forest coverage is 44.57 %, the forest area is 11.80 million
hectares and forest stock volume is 863 million cubic meters (SFA 2009a).

The forest categories feature a layered transition from north to south: frigid-
temperate zone coniferous forest, coniferous and broad-leaved forests, deciduous
broad-leaved forest and coniferous forest in warm temperate zone, subtropical ever-
green broad-leaved forest and coniferous forest, tropical monsoon forest and rain
forest (Table 1) (SFA 2009a).

1.2 Definition of Sustainable Forest Management

There is currently no agreed definition as to what constitutes sustainable forest man-
agement (SFM) in the global community. The FAO states that several international
meetings have suggested that the extent of forest resources, biological diversity,
forest health and vitality, productive functions of forest resources, protective func-
tions of forest resources, socio-economic functions, legal, policy and institutional
framework thematic elements are key components of SFM.

According to the statement of FAO above, we know that SFM aims to ensure
that the goods and services derived from the forest meet present-day needs, while
at the same time securing their continued availability and contribution to long-
term development. In its broadest sense, forest management encompasses the
administrative, legal, technical, economic, social and environmental aspects of the
conservation and use of forests. It implies various degrees of deliberate human
intervention, ranging from actions aimed at safeguarding and maintaining the for-
est ecosystem and its functions, to favoring specific socially or economically
valuable species or groups of species for the improved production of goods and
services (FAO 2012)
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1.3  Goals of China’s Sustainable Forest Management

With the biggest population of the world, both ecological benefits and commercial
functions from forestry are essential to Chinese society. A well developed forestry
sector can also benefit the global community.

Based on the multiple ecological functions of forests for water and soil conserva-
tion, carbon fixation and oxygen release, as wind breaks and for stopping drifting
sand, purify air and protecting biodiversity, as well as its important economical func-
tions such as providing constructions materials, forest products, non-forest products
and leisure facilities etc. China has always tried its best to keep the balance between
ecological welfare and the economic benefits it derives from its forestry sector. The
ideal goals of SFM for China are to facilitate sustainable, rapid and healthy develop-
ment of forestry, for the purpose of setting up a relatively complete forestry eco-
system and a relatively well developed forestry-related industry system with the
protection and improvement of the eco-environment as the priority by classifying
management forests, plantation and rehabilitation as the main measures (Zhou 2000).

2 China’s Practice of Sustainable Forest Management
with Its Achievements

The People Republic of China was founded in 1949. In order to give readers a clear
picture of China’s Sustainable Forest Management practice, we here divided the
practice into two periods of from 1949 to 1997 and 1998 to the present.

2.1 The First Stage of SFM Practice

At the foundation of the new China, the national leaders already understood the
importance of forestry, since forests provide ecological shelters that stimulate high
and stable yields in agriculture and animal husbandry, and secure the conservation
of water resources and guarantee the long-term functions of natural water sheds.
Xi Liang, a forestry expert, was appointed as the first minister of Ministry of
Forestry, which was unusual at that special point as most ministers were generals
back from the battle fields.

A Brief Review of China’s Forest Management from 1948 to 1997
The Period from the People’s Public of China Was Founded to 1978
During this special period, China’s forest management practice was characterized

more by taking than giving and ignoring the ecological functions of forest. When the
People’s Public of China was established in 1949, China was one of the countries
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most deficient in forest resources in the world. In November 1950, ministry of
forestry of China announced its policy of forest management to regulate China’s
forest practice was “regarding the administration of forests as basis” and the idea of
“afforestation is the key task” and “rational harvesting and comprehensively use
forest resource”. However, from 1950s to late 1970s, the national construction
mainly demanded timber and forest products. As the fundamental industry of
national economy, the main task of forestry was to produce timber. Providing timber
was the core task of forest management practice for a long time during this period.
Timber yield had reached 28,000,000 m? in 1957, up from 5,500,000 m* in 1950
(Cao 2000). Before the reform and the policy of opening-up was adopted in 1979 in
China, forest was experiencing the real principle of “taking more than giving”
instead the theoretical one mentioned above, the forestry construction was in effect
on the road of sacrificing the forest’s ecological interests to supporting national
economy construction by centering on wood production, with neither the Chinese
governments nor its public considering the ecological functions of forests.

After China’s Reform and Opening-Up Policy in 1979-1998

Between 1979 and 1998, China’s forest sector made good changes in its ecological
management, as well as its industrial development.

Forestry Ecological System Framework Initially Established and Forests
Diversified Management Was Introduced

The launch of the “Three North Shelterbelt Development Program” in November
1978 marks that start of key ecological programs in China, including such programs
as the “Shelterbelt Development Program” the “Upper and Middle Reaches of the
Yangtze River”, the “Coastal Shelterbelt Development Program”, the “National
Desertification Prevention Program”, the “Taihang Mountain Greening Program”,
the “Plain Greening Program” and the “Shelterbelt Development Program for the
Integrated Management In the Basin of Liaohe River”. These ten programs cover
the major environmentally fragile regions of soil erosion, windy and sandy, and
sanitized areas in China, with a total project area of 7.056 million square kilometers,
taking up 73 % of the total land territory. The planned total establishment area of the
above programs, except the Plain Greening Program, reaches 63.048 million
hectares. A total of 35.934 ha of plantation had been established under these ten
programs by the end of 1998 (SFA 2000).

The Ministry of Forestry delivered the Notification on the Experiments of
Diversified Forestry Management Reform in 1996, to start the trials on diversified
forestry management. Forests are classified into forests of commercial purpose and
forests of public benefits according to different functions and uses, and managed
according to their own specialties and rules. As a public cause, forests of public
benefits, which have environmental development as their main purpose, will rely on
government input and will be financed through various levels of the government as
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appropriate, while ecosystem services value of a forest will be actively explored in
order to pursue the principle of “the one who benefits should foot the bill”.
Commercial forests, which focus on economic use, will be supported according to
market economy rules of the best economic return through intensified management.
Diversified management reform is a long-term reform of importance to all forestry
development, the basis for fundamental change in economic regime and economic
growth of forestry, as well as the objective of developing forest management
practices in accordance with the associated industrial systems (SFA 2000).

Expanding Forestry Industrial System

Ever since the reform and opening-up, constant readjustment in forestry industrial
structure has taken place along with the change in market demand and the condition
of the forest resources. The forest management policy of “forest focused integrated
utilization, diversified management, stereo-typed development and advancement in
full scale” was put forward in 1986. After these principles were put forward, focal
points and targets for forestry industrial restructuring were put forward in the mea-
sures by the Ministry of Forestry, in order to carry out the Decision on Key Issues
regarding Current Industrial Policy of the State Council. The structural readjust-
ment of traditional forestry industries such as timber production and processing,
forestry chemistry industry and forestry machinery manufacturing was further
accelerated and the support to developing new industries such as trees as cash crops,
bamboo forest, flower, medicinal herb, forest food and forest tourism was strength-
ened. Efforts have been made to develop forest reserves, and to develop forestry
processing industry and establish new industries while keeping a steady increase in
timber production. A distinct improvement has been achieved in forestry industrial
structure, and the industrial timber supply capacity is expanding. Progress has also
been made in expanding plantation resources, forestry industries, diversifying the
utilization of forest resources in forested regions, as well as tertiary industries, such
as forest tourism. The gross product value of the forestry sector by 1998 had
increased by 20.7 times over that of 1978 (SFA 2000).

Forest Resourced Protection and Management System Is Gradually Perfected

Improved systems of forest fire control, forest pest and disease control and forestry
policy administration have been established. Upon the initiation of the National
Headquarters for Forest Fire Control in 1987, a relatively complete forest fire control
system was set up consisting of fire control centers in various local authorities, a
professional firefighter team, a fire prevention network integrating communication,
fire-watching, monitoring and fire breaks, and set of firefighting machines. Since
this time, the level of fire damage in China has been maintained at less than 0.5 %
except in one specific year, and is well below the world average of 1 %. Following
the principle of prevention first and integrated management, an integrated forest
pest and disease control system based on the idea of ecological control incorporated
with biological control, bionic control and chemical control has been set up.
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The success rate in forest pest and disease control rose from 48.9 % in 1978 to
71.2 % in 1998 (SFA 2000).

A wildlife conservation framework has also been initiated. Starting from ten in
the early 1970s, the number of nature reserves had reached 926 in 1998. A series of
programs were started by the State since the 1980s, including the Giant Panda
Rescue Program, the Crested Ibis Rescue Program, the Chinese Alligator Protection
and Development Program, the Breeding Program for Eld’s Deer, the David’s Deer
Breeding and Naturalization Program, the Wild horse Breeding and Naturalization
Program and Saiga Breeding Program. As part of these, there are now over 60
successful programs for breeding endangered wildlife species (SFA 2000).

A forest resource quota system was also introduced. The state began the implementa-
tion of the forest resources quota system in 1987, and started to transfer the quota system
for commercial timber to a complete control on forest resources consumption in 1991.

Forest resources supervision agencies in the major forested provinces or auton-
omous regions and key forestry industrial enterprises were introduced. A forest
resource supervision office was established and forest resources supervision
commissioners were sent to Inner Mongolia, Jilin, Heilongjiang, Fujian, Yunnan
province (autonomous regions) and Daxinganling Forestry Corporation (Group)
since 1989. By the end of 1998, 110 commissioners and their subordinates were
dispatched and the total number of staff involved hit 3,000 (SFA 2000).

Legislation and Enforcement to Strength Forestry Support
and Safeguard System

Legislative capacity building and law enforcement have made remarkable progress.
In total four pieces of law and legislative document concerning forestry, 11 forestry
administrative regulations, over 60 directives and some 200 local legislations and
regulations have been issued during the period from the promulgation of the Forest
Law of China (Trial Edition) in 1979 to the end of 1998. So far the forestry legal
system was initiated with the Forest Law and the Wildlife Protection Law as the
core, and incorporated a series of relevant laws, administrative regulations, sector
rules and local laws and regulations. Legislative systems for forest resource protec-
tion and development, regarding forest land and forest tenure arrangements, affor-
estation and silviculture, regeneration of logged sites, logging quotas, timber
transportation and inspection, wildlife import and export management and forest
plant quarantine, etc., were established to give a powerful legal basis for forestry
development. In law enforcement aspects also apply; forestry authorities in 30 prov-
inces have set up forest public security agencies by the end of 1998, with a total
50,000 forest police staff. According to statistics, forest police have investigated
1,398,000 cases related to forest and wildlife, and penalized 2.275 million abusers,
with 0.18 billion dollars direct economic loss retrieved (SFA 2000).

Extended service networks at the grass root level were also strengthened.
A three-degree grass root service network of forestry technology station and seed
and seedling nursery at the county level and forestry administration in towns have
been established (SFA 2000).
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Transformation of Forest Management Policy

Timber production has long been regarded as the guiding principle due to the need
of timber supply for national economic development and the limitations in manage-
ment policy since the founding of the People’s Republic of China. Over-quota
cutting has not only put forestry regions into the survival and development difficul-
ties, but also caused a series of problems such as ecological deterioration. A grow-
ing focus on these issues at the end of 1970s finally led to a series of transformation
trials in forestry development objectives and structure. The start of the Three North
Shelterbelt System Program in 1978 marked the trial of a new approach of large-
scale forestry environmental programs. Over the past 20 years, a series of forestry
environmental programs have been rolled out nationwide with ten major forestry
ecological programs as the core. The National Tree Planting Compulsory Campaign
was initiated since 1981, and land greening activity was incorporated into legisla-
tion in order to encourage the participation of the general public. In 1993, the policy
of “forestry development with Chinese character to increase resources, vitality and
benefits so as to green, vitalize and enrich the nation” was put forward. In 1995, a
diversified management strategy was raised, that set the development industrial
system as the defined long-term objective. In 1997, under the call of “holding high
the banner of ecological environment construction”, the focal point of forestry’s
course was shifted to the protection and improvement of eco-environment. The 15th
Committee of the CPC called for “tree-planting, soil and water conservation, com-
bating desertification and eco-environment improvement” as the main content of
cross-century development strategy. The 3rd Plenary Session of the 15th Committee
of the CPC stressed again that “eco-environment improvement is a long-term plan
associated with the subsistence and development of Chinese nation, and a basic
approach in combating natural calamity such as draught and flood.” After the severe
flood occurred in the basin areas of the Yangtze, Songhua and Nenjiang Rivers, the
Central Committee of the CPC and the State Council listed “mountain closure for
forest regeneration and conversion of cropland for forest and grassland” as the
major solution for reconstruction and flood control thereafter. Modern forestry
development thinking targeting at the transformation of forest management
concept, readjustment of forest management objectives and the transformation of
forestry growth approach was gradually formed in this process (SFA 2000).

Advancing Forestry Institutional Reform

Decentralization marked the initiation of property rights reform. In March, 1981,
the Central Committee of the CPC and the State Council issued Decisions of Several
Points regarding Forest Conservation and Forestry Development, which govern-
ment urged to “stabilize the present ownership structures of hills and forests,
allocate hillsides to farmers for their private use, define the forestry production
responsibility system”, in order to grant the forest to farmers as the main body for
management through awarding forest ownership certificate to the forest farmers.
Ever since then, new approaches such as contract tree-planting by specialized
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households or joint ventures and cooperative tree-planting have been exploited for
forestry development. The appearance of shareholding cooperative forest farms has
further promoted the diversity of forest management entities. After the socialist
market economy was set as the target for economic reform, new vigor was stimu-
lated in the forestry market economy by auction of the “four barrens” and contract
management. In state forest region forestry enterprises started the contract and
responsibility system in 1982, and the director responsibility system in full scale
and experiments on forest pricing were launched in 1985-1987. Based on the
Provisional Ordinance on Contract and Responsibility System for Enterprises
Owned by the Whole People, forestry enterprises put forward various contracting
measures on the principle of “six Contracts and three link-ups” at large. By recon-
firming the main body of state-run forestry enterprises in forestry management, this
has successfully transformed the management structure through carrying out such
systems as whole-process contract, series contract, etc. Following the request to
“concentrate on the big ones and neglect the small ones” by the State so as to revital-
ize large and medium-sized state-run enterprises, state-run forestry enterprises
in north-east China and Inner Mongolia were consolidated to four large forestry
industrial groups, and thus became four of 56 pilot groups of the State for reor-
ganization according to modern enterprise system. With regard to forestry market
system development, the Central Committee of the CPC and the State Council
issued in January 1985 the Ten Policy Measures Regarding Further Activating Rural
Economy, which were also called the No. 1 document. Timber price controls were
gradually relaxed in collective forest regions and timber market was liberated with
certain limitations. Planned timber distribution was shrinking and self-trade was
expanding on a yearly basis in state-owned forestry region. By 1998, China has 995
timber markets with a trading area of 16.217 million square meters and annual turn-
over of US$2.5 billion. Meanwhile, markets for forestry technology, information,
forest insurance and mid and young-age stand transfer are forming in certain areas.
Government plays an important role in regulating forestry development. The State
has allocated substantial financial inputs to forestry ecological programs with public
benefits, and has promulgated relevant policies regarding forestry industrial
development. The forestry public service system and legal framework have also
been strengthened (SFA 2000).

Main Problems of Forest Sector in Late 1990s

Since the reform and opening-out policy was adopted, China has made many effec-
tive efforts to improve its natural environment by providing extra investment,
reforming forest management and so on in its forest sector. However, there were still
some large problems existing in the late 1990s.

Clear cutting has caused the qualities of forests deteriorate. Since 1949, demand
for timber has resulted in extensive cutting of forests, and timber harvests increased
from 20 million cubic meter/year in the 1950s to 63 million cubic meter/year in the
1990s (MOF 1997). Government policy did not require that native tree species be
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replanted after logging, but promoted planting of fast-growing tree species, such as
larch (Larix sp.), poplar (Populus sp.), and Chinese fir (Cunninghamia lanceolata).
Although a large-scale increase of plantation-style forests in non-forested areas
increased total forest coverage in China from 5.2 % in 1950 to 16.55 % by 1998
(Richardson 1990), natural forests declined to 30 % of the total forest area in China
and unit-area stocking of natural forests decreased by 32 % (Zhang et al. 1999).

Land erosion was very serious. China’s human population has increased about
2.5 times over the past 50 years, yet the human population in forested areas has
increased fivefold (Zhang et al. 1999). Scientists foresaw the potential conflict
between human population growth and forest resource use and began advocating
changes in China’s forest policy as early as the 1960s (Liu 1963). They had little
success. In the 1970s, government policy limited clear-cut areas to <10 ha in north-
eastern China (Shao and Zhao 1998), but departures from this standard were routine
in field conditions. During the 1990s, eroded lands continued to increase by
>10,000 km? annually, with the result that 38 % of China’s total land area is now
considered badly eroded (Zhang 1999).

Environmental risks were at high level. The sharp decline in the quantity and
quality of natural forests resulted in loss and fragmentation of natural habitats. At
least 200 plant species have become extinct in China since the 1950s, and >61 % of
wildlife species have suffered severe habitat losses (Li 1993). Valuable and rare spe-
cies, such as ginseng (Panax ginseng), are threatened with extinction. Changes in
forest composition have also caused severe ecological and environmental disasters.
Insect infestations have damaged >9.3 million hectares of forests per year, causing
>10 million meters of timber losses (Zhang et al. 1999). Flash flooding, in part the
result of the loss of natural vegetative cover, caused a total loss of US$20 billion in
the summer of 1998 alone (Qu 1999).

The quality of afforestation was not good enough. According to statistics of
Ministry of Forestry, China afforested a cumulative total of 160 million hectare
from 1949 to 1998. The forest coverage rate was supposed to be 30 % by 1998, but
was just 16.55 % according to the data of the China’s Fifth National Forest Resource
Inventory (1994-1998) (Hu 2000).

2.2 The SFM Practice in China from 1998 Up to Now

In the late 1990s, the sustainable development strategy had been defined as one of
the basic strategies of China, the drastic flood disasters which happened in 1998
and the frequent sand storms that happened every year in some areas of China,
attracted the attention of the whole country. In 1997, the President of China called
on all Chinese people to rebuild a harmonious motherland with beautiful moun-
tains and purified rivers. A nation level strategy called the Great West Development
Strategy, of which ecological protection was one of its major goals, was imple-
mented in the next year. This was a milestone for China’s forest conservation, and
the whole society paid more attention to its environment. Since that time, China’s
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forests have played a more and more important role in protecting and improving
the natural environment and are facilitating the sustainable economic and social
development of the country (SFA 2000). Since 1998, China has made tremendous
investments in its forest sector for environmental issues. Over the same time
period, a series of innovative policies have been brought forward to the forestry
sector, to speed up the process of sustainable forest management and have had
tremendous achievement.

Large Scale Plantation and Rehabilitation Projects

Starting in 1998, China has gradually integrated its existing ecological programs
into six new large scale plantation and rehabilitation projects, in addition to the
National Compulsory Tree Planting Campaign etc. Those new programs are
known as six key forest programs, and include Natural Forest Protection Program
(NFPP), Conversion of Cropland to Forest Program (CCFP), Sand Control
Programs for areas in the vicinity of Beijing and Tianjin (SCP), Forest Industrial
Base Development Program (FIBDP), Three North Shelterbelt Development
Program and Shelterbelt Development Program along the Yangtze River Basin
(3Ns&YRB) and Wildlife Conservation and Nature Reserves Development
Program (WCNRDP).

The Natural Forest Protection Program-Strategic Move to Restore
Natural Forest

The initial purpose of NFPP was to protect natural forests by implementing a
logging ban in ecologically sensitive forests of the middle and upper branches of the
Yangtze and Yellow Rivers, and by reducing the timber harvest in State-owned
forest regions in northeast China and Inner Mongolia. These measures have reduced
the timber supply from domestic forests. The program also requires State-owned
forest enterprises and farms to cultivate commercial forests intensively, establish
industrial forests, and cultivate precious species and large-diameter timber forests in
order to maintain the timber supply.

The project involves 734 counties and 163 industry bureaus in 17 provinces,
autonomous regions or municipalities directly under the Central Government in the
upper reaches of the Yangtze River, upper and middle reaches of the Yellow River,
Northeast China, Inner Mongolia and other key state-owned forest zones. It is
designed to prohibit and alleviate commercial cutting to help the forests with resto-
ration and sustained growth.

A total of 14.11 million hectares of natural forest had been established by the end
of 2011, including 2.97 million hectares of artificial plantation and 3.35 million
hectares of aerial seeding plantings, and 7.79 million hectares of newly protected
mountain areas for natural regeneration. The forest area under management and
protection has now reached 115.96 million hectares (DPFM SFA 2012).
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Natural forest in Northeastern China (Credit: Jianwei Chen)

Conversion of Cropland to Forest Program (CCFP)-Fundamental Solution to
Water Loss and Soil Erosion

CCFP was being carried out in 25 provinces, including 1897 counties. Most of these
areas were in western and central China; the aim being to reduce soil erosion in
critical areas and then to improve the ecological environment and enhance local
people’s timber supply in the long term. Natural forest accounts for 80 % of the
converted lands. The plan is to return 14.7 million hectares of farmland to forests
and afforest 17.3 million hectares of barren hills and other suitable waste land
between 1999 and 2010.

A total of 26.87 million hectares of forest had been established by the end of
2011, 9.06 million hectares of which was planted on converted cropland and 15.34
million hectares were planted on barren hills and waste land. An additional cumula-
tive 2.47 million hectares of mountain (sandy land) has been protected for natural
regeneration. Eighty percent of the plantation established on converted cropland
was natural forest (DPFM SFA 2012).
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A project site of Conversion of Cropland to Forest (Credit: Jianwei Chen)

Sand Control Program for Areas in the Vicinity of Beijing and Tianjin (SCP)-
Green Shelters of Beijing and Tianjin

The SCP program covers 75 counties in five provinces (autonomous regions and
municipal cities) with an area of 460,000 km?. Its aim is to reduce the hazard of
sandstorms in areas surrounding Beijing. It is planned to return 2.63 million hect-
ares of farmland to forests, afforest 4.94 million hectares of land, develop 10.63
million hectares of grassland, build 113,800 supporting water conservation facilities,
regulate 23,000 km of drainage areas and resettle 180,000 people for environmental
improvement purposes between 2001 and 2010. This program requires inputs
equivalent to about US$6.8 billion.

From the beginning of 2000 to 2010, a total of 4.02 million hectares plantation
was established by artificial plantation and by aerial seeding. An additional 2.29
million hectares of mountain (sandy land) was protected for natural regeneration.
The treatment area totaled 9.67 million hectares, including 2.35 million hectares of
grassland and 1 million hectares of watershed areas (DPFM SFA 2012).
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Three North Shelterbelt Development Program and Shelterbelt Development
Program Along the Yangtze River Basin (3Ns& YRB) (Fourth Stage of the
Project): Rehabilitate the Degraded and Desertified Land

The aim of this program is to rehabilitate the degraded and desertified land. It is planned
to afforest 9.46 million hectares of land and rehabilitate 1.3 million hectares of deserti-
fied land between 2001 and 2010. By program completion, the forest cover in the
program area will be increased by 1.84 %, and 12.66 million hectares of desertified,
salinized, and degraded grasslands will have been protected and rehabilitated. In the
lower middle reaches of the Yangtze River, it is planned to afforest 18 million hectares
of land, to improve 7.33 million hectares of low-efficiency shelterbelts, and to regulate
and protect 37.33 million hectares of existing forests during the period in 2001-2010.

From 2001 to 2011, 12.40 million hectares were afforested including 7.62 mil-
lion hectares of artificial plantation, 0.29 million hectares of plantation completed
by aerial seeding and 4.49 million hectares of mountains (sandy land) was enclosed
for natural regeneration. The targets of 3Ns& YRB have been completed success-
fully (DPFM SFA 2012).

Forest shelterbelts of roads, farmlands and city (Credit: Jianwei Chen)

Wildlife Conservation and Nature Reserves Development Program
(WCNRDP)-Rescue Action for Wild Species

The main goal is to increase the conservation of critical species. Priorities are being
given to three projects between 2001 and 2010. The first involves completing 15
wild fauna and flora protection projects, including those for the giant panda, golden
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monkey, Tibetan antelope, and plants in the orchid family. The second involves
completing 200 nature reserve projects in forests; land affected by desertification,
and wetland ecosystems, 32 wetland conservation and comprehensive utilization
demonstration projects, and 50,000 nature reserve districts. The third project
involves completing the germplasm pools for wild fauna and flora conservation, the
wild fauna and flora national research system and relevant monitoring networks. By
2010, there should be 1,800 nature reserves, including 220 state-level ones, cover-
ing 16 % of China’s total land area [i.e., double the figure suggested by (S1)]. The
protection of these reserves is enforced, but some economic activities are permitted
(such as the harvesting of bamboo).

By the end of 2011, the nature reserves in forestry sector amounted to 2126 with
a protected area of 123 million hectares, accounting for 12.78 % of the national
terrestrial area. Included in which, there are 263 national nature reserves with an
area of 76.29 million hectares, with 90 % of the terrestrial ecosystem types, 85 % of
wild animal populations and 65 % of the higher plant community currently under
effective protection (DPFM SFA 2012).

Aerial view to nature reserve in Xishuangbanna, Yunnan Province, China (Credit: Jianwei Chen)

Fast-Growing and High-Yielding Forest Project (FHFP)-Major Approach
to Timber Supply

In order to ease the shortage of timber supply and reduce the pressure of timber
demands on forest resources, the FHFP program has been implemented since 2001.
The project covers 886 counties (cities or districts) in 18 provinces (autonomous
regions) such as Hebei, Guangxi, Hainan and 114 forestry bureaus (farms). It is planned
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to establish 13 million hectares of fast-growing, high-yield timber plantations in
three phases between 2001 and 2015.

By the end of 2011, at total of 1.872 million ha of FHFP forests have been planted
and the timber industrial belt for national industrial raw materials has taken shape,
which has played an important role in increasing the supply of domestic timber.

In addition to those six key forest projects descript above, during the same period
of time, China also introduced some new projects, such as wetland protection proj-
ect, comprehensive control project of stony desertification, and wild fauna and flora
protection and nature reserve projects etc., as well as continuing to pursue previous
projects, and afforestation projects in plains areas as well. Those projects with much
higher investment standards have speeded up the process of forest area increase and
vegetation rehabilitation (DPFM SFA 2011).

Strict Regulations on Forest Resources Management

The SFA has also implemented many regulations to manage forest resources in
compliance with the requirements of the Forest Law of China and other relevant
Chinese laws.

Forest Land Protection and Management

To strengthen the forest land management, the Forest Law of China stipulates that
forest land shall not be occupied or a reduced amount of forest land shall be occu-
pied when reconnaissance, mining or development projects are carried out. If the
occupation or requisition of forest land is needed, it must be reviewed and approved
by the forestry department in charge under the people’s government above county
level, in accordance with the law and regulations relevant to land management.
The land user must pay a forest vegetation restoration fee, a compensation fee for
forest land and trees and settlement allowance. In 2010, the Chinese government
promulgated the “Guidelines on Planning of Protection and Use of Forest Land in
China”. In compliance with the principles of “control of total amount, quota
management, economizing on the use of land and balance between occupation and
compensation”, it was decided that the total area for occupation and requisition
of forest land in the country from 2011 to 2020 shall be limited to less than
1.055 million hectares. The reserved forest land will increase from 303.78 million
hectares to 312 million hectares, up to 32.5 % of the total land area of the country,
of which the total forest area will increase from 195 million hectares to 223 million
hectares. The forest coverage shall reach above 23 % and the total forest stocking
volume shall increase to 15.8 billion cubic meters (SFA 2010). It is beholden upon
these main measures to prevent forest lands being converted into other uses.
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Forest Utilization Management

Enhancing forest resource protection has been used as one of the main ways to
achieve sustainable forestry development in China. The Chinese government sets
quotas for forest logging operations so as to bring resource consumption under
strict control. The Government has formulated and promulgated relevant laws,
regulations and policies which strictly enforce logging quotas as the central element
of forest management and also set quotas for forest resource consumption.
China’s forest utilization management system mainly comprises cutting quotas,
license-based harvesting, license-based transport and license-based management
(processing) of timber. The cutting quota scheme is the core of China’s forest utili-
zation management. Following the principle of consumption of timber forest being
less than growth, the government establishes a national cutting quota every 5 years.
License-based harvesting is referred to as the cutting license and has to be applied
for prior to the commencement of harvesting operations, which is the legal certifi-
cate for carrying out cutting activities. License-based transport means that with the
license the timber can be transported out of the forest area. The transport license is
reviewed and issued by the forestry department in charge. There are currently more
than 4,000 timber check points across the country, responsible for checking timber
transport. License-based management/processing of timber means that such a
license must be applied for if the management/processing of timber are conducted
in the forest area. The implementation of the above-mentioned measures has played
an important role in deterring the over-consumption of forest resources, continuously
increasing forest area and stocking volume and ensuring ample supply of forest
products (Wang 2011).

Forest Resources Supervision Management

In order to effectively control forest consumption and protect the existing
resources according to the principles of forest laws and regulations relevant to
forest resource protection and management, China introduced a forest resources
supervision management system in 1989. The national headquarter of forest
resources supervision was established in 2003 at SFA. Since 1989, the SFA has set
up 15 forest resources supervision sub-agencies across the country to conduct
supervision covering the whole territory except Hong Kong, Macao and Taiwan.
Those agencies have exercised supervision over the forest resources management
in their individual regions. At the same time, they have set up such supervision
systems as case handling, harvest quota checking, occupation and requisition of
forest land checking and checking of forest silviculture, which has greatly
strengthened the enforcement of the laws and regulations relevant to forest
resource protection and management (Wang 2011).
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National Forest Inventory System (NFIs)

In order to get continuous real time information about forest resource changes
nation-wide, the National Forest Inventory System was initiated in China in the
early 1950s. With several decades’ of effort and development, the NFIs have been
generally established. NFI is organized by the central government (referred to as
the 1st class inventory). The NFI is conducted at five yearly intervals with the prov-
ince (autonomous region, municipality) as a population. For the NFI, permanent
sample plots and remote sensing sample plots are systematically laid out. Through
field measurement of those sample plots, data on current state, consumption and
growth of forest resources have been collected. The 8th NFI is now under way.
Starting from the 7th NFI, macro-level assessment of forest functions has been
added. Such an assessment has been performed for the first time for the natural
functions and benefits of forests across the country. Biomass models are built for
100 species of trees, which has enabled the monitoring of forest carbon sequestra-
tion in the country (Wang 2011).

Establish Motivations Mechanism to Protect Forest Resources

In addition to the strict laws and regulations on forest resources protection, China
has introduced a series of incentive mechanisms to encourage people to protect the
forest resources.

Grant Forest Property Right to Farmers

Ownership of forest land in China has two forms: state ownership and collective
ownership, while the actual forest has three forms: state ownership, collective own-
ership and individual ownership. In order to make the collective ownership of forest
and forest land closer to the farmers, the central committee of the Chinese
Communist Party and the State Council decided to carry out a comprehensive
reform in the system of collective ownership of forest and forest land in 2008. The
core of this reform is the premise of keeping the ownership of collective forest land
unchanged and in compliance with laws, but to contract the management of the for-
est land and the ownership of the forest to the farmers of the same collective orga-
nization by means of the individual farmers who have requested the managerial
rights over the forest land. By the end of 2011, the area of the collective-owned
forest that had clarified their property and contracted its management to individual
households had reached 173 million hectares, accounting for 95 % of the total area
of 183 million hectares of the collective-owned forest, over 83.79 million farmers
had obtained the certificate of forest and forest tenure rights and more than 300 mil-
lion had gained direct benefits from this reform. The reform has inspired the enthu-
siasm of the farmers in afforestation and the protection of forest and has facilitated
the process of democratizing the management of the rural communities (Jia 2011).
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Established Ecological Benefit Compensation

According to the different intended purpose of the forests, China has divided the
forest into two categories: one is public welfare forest land focusing on achieving
ecological benefits and the other is commercial forest land oriented to providing
wood products. Each type of forest adopts different policy measures and different
modes of operation and management. The purpose of the public welfare forest is to
achieve ecological benefits and commercial logging is not allowed. In order to com-
pensate the managers of the public welfare forest, the central government started to
explore the building of public welfare forest compensation mechanism in 2001, and
in 2004 officially set up the forest ecological benefit compensation fund supported
by the central budget to grant economic compensation to the 83.93 million hectares
of State-level public welfare forests from the central budget. By 2011 the State-
owned welfare forests were being granted RMB 75 Yuan/hectare/year and the col-
lectively and individually owned ones were granted RMB 150 Yuan/hectare/year. In
recent years, according to their own economic conditions, the local governments at
all levels have set up local compensation funds, developed and made innovations to
this mechanism. Beijing municipality, for example, has set up development funds
since 2010 to compensate the ecological benefits of the mountainous public welfare
forests, with the standard of RMB 600 Yuan/hectare/year, ranking as the highest in
the whole nation. Besides, it is stated that the standard should be increased once
every 5 years.

Meanwhile, a financial subsidy system for the forestry sector has also been
established and upgraded. The central financial subsidy system for afforestation and
forest tending has been upgraded, and more effort has been taken to gradually
expand the pilot area and enhance subsidy support for key wetland protection.
Improved variety subsidy system has been set up to subsidize key tree breeding
farms and the production of improved seedlings. The financial policy has been insti-
tuted to deepen collective forest tenure reform and promote understory economic
development. More supports have been given to the development of woody oil
industry like oil-tea camellia and walnut and forestry bio-energy as well as to the
monitoring and control of harmful organisms. Financial and taxation policy support
to forestry has been improved as well. These measures have sped up China’s forest
based sustainable development (Zhang 2011).

Achievements of China’s Sustainable Forest Management

China has made tremendous achievements in its forest sector in term of sustainable
forest management, especially over the last 10 years. According to “Global Forest
Resources Assessment 2005” published by UN FAO, China’s forest area accounts for
4.95 % of the world’s total, ranking the fifth behind Russia, Brazil, Canada and the
United States of America. China ranks the sixth in the world in terms of forest
stock volume, following Brazil, Russia, Canada, the United States of America and
Democratic Republic of Congo (FAO 2005). The total area of plantations ranks
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Fig. 1 Changes of forest land area in China

China the first in the world. “State of the World’s Forests 2011 published by
UN-FAO reiterated the achievements of China’s forest sector: In the Asia and the
Pacific region as a whole, forests were lost at a rate of 0.7 million hectares per year
in the 1990s, but grew by 1.4 million hectares per year over the period of 2000-2010.
This was primarily due to large-scale afforestation efforts in China, where the forest
area increased by 2 million hectares per year in the 1990s and by an average of 3
million hectares per year since 2000. Planted forests (i.e. forests established through
planting and/or deliberate seeding of native or introduced tree species) made up 16 %
of the forest area in the region. Planted forests experienced a substantial increase
within the last 10 years in the Asia and the Pacific region. Most of the region’s planted
forests were established through afforestation programs. China contributed the bulk
of this growth through several large programs that aimed to expand its forest resources
and protect watersheds, control soil erosion and desertification, and maintain biodi-
versity (FAO 2011). Compared to the results of the 6th NFI (1999-2003), the results
of the 7th NFI indicate the forest characters as main achievements of the SFM China
had in the last 10 years were the following six aspects (SFA 2009a).

Achieved Continuous Growth of Both Forest Land Area and Forest Stocking
Volume

Since the 1990s, China has achieved growth in both forest land area and forest stock-
ing volume. The 7th NFI (2004-2008) results show that the forest land area in the
country has reached 195 million hectares, forest coverage 20.36 %, forest stocking
volume 13.721 billion cubic meters, reserved man-made forest area 62 million hect-
ares with a stocking volume of 1.961 billion cubic meters. The results of 7th NFI
indicate that China’s forest resource has entered a period of rapid development.

The net increase of the forest area is 20.5430 million hectares, and the forest
cover has gone up from 18.21 % to 20.36 %, an increase of 2.15 %. The net increase
of the forest standing volume is 1.128 billion cubic meters and that of the forest
stock volume is 1.123 billion cubic meters (Figs. 1 and 2).
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Fig. 2 Changes of forest stocking volume (Source: SFA 2009a)

The Area and Stock Volume of the Natural Forests Increase Significantly,
Especially in the Project Areas of the Natural Forest Protection Program

The net increase of the natural forest area is 3.9305 million hectares and the natural
forest stock volume is 676 million cubic meters. In the project areas of the NFPP,
the net increase of the forest area in the 7th NFI is 26.37 % more than that in the 6th
NFI, and the net increase of the stock volume in the 7th NFI is 2.23 times above that
in the 6th NFI.

The Plantation Area and Stock Volume Grow Quickly and the Reserved Forest
Resources Show a Trend of Increase

The net increase of plantation area is 8.4311 ha with the stock volume of 447 mil-
lion cubic meters. The area of young and immature plantation is 10.4618 million
hectares, of which, the area of commercial tree species is 6.3701 million hectares,
an increase of 30.17 % compared with that in the 6th NFL

The Growth Rate of the Forest Stock Volume Increment Is High and the
Logging Is Being Gradually Transferred from Natural Forests to Plantations

The annual net increment of the forest stock volume is now 572 million cubic
meters, the annual logging for consumption is 379 million cubic meters, and the
increment is now also continuously larger than the consumption, and the surplus
between increment and consumption is continuing to expand. The logging of natu-
ral forests is decreasing and that of plantation is increasing, now delivering 39.44 %
of the total, a rise of 12.27 %.
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The Forest Quality Has Been Improved Slightly and the Forest Ecological
Function Increased Continuously

The stock volume of the commercial forests has increased by 1.15 m*¥ha with the
average increment of 0.30 m*ha and the proportion of the mixed forests up by
9.17 %. Among the forested land, the ratio of the public benefit forests is 52.41 %
of the total, an increase of 15.64 %. The forest ecological value has been further
enhanced due to the increase of forest resources and the improvement of forest
structure and quality.

The Proportion of the Forest Area Managed by the Individuals Is Rising, and
the Achievement Obtained by the Reform of the Collective Forest Tenure
System Is Significant

Among the existing forest land, the proportion of the forest area managed by indi-
viduals is 32.08 % of the total, a rise of 11.39 %. The area of plantations managed
by the individuals is 59.21 % of the total, and the area of young and immature plan-
tations managed by individuals is 68.51 %. The farmers, who are the main body of
forest managers, have become the backbone of forestry development in China.

In addition to these achievements by China, its forestry industry has also devel-
oped steadily during the same period. There are two significant developments in
China’s forestry sector in the last decade. Firstly, it has transformed from a mainly
primary industry into a compound sector combining the primary, secondary and ter-
tiary industries. On the basis of a steady output of timber, wood-based panels, rosin,
furniture, economic forest and other traditional products, non-timber-based indus-
tries such as bamboo, rattan and flower products, forest tourism, forest food and
medicine have seen rapid growth. New industrial sectors such as wildlife breeding
and development, biomass energy and bio-materials are growing with unabated
momentum. Secondly, the sector has grown steadily larger. In 2011, the forestry sec-
tor had created an annual value of over 486 billion US dollars (at current values) and
forestry-related trade reached more than 90 billion US dollars, which is more than
double and quadruple their respective values in 2000 after adjustment for inflation.
Rosin, wood-based panels and furniture output of China is now second to none in the
world, while forest tourism and woody cereal- and oil-yielding plants are also grow-
ing rapidly, playing a major role in creating jobs and added value, promoting regional
economic prosperity and ensuring forestry products supply(DPFM SFA 2012).

The progress described above show that China’s forest resources have entered
a period of rapid development. The key forestry development programs have
been progressing steadily, the total amount of forest resources has been increas-
ing continuously and the multiple functions and benefits have manifested them-
selves gradually. The supply capacity of timber, forest products, ecological
products and ecological cultural products has also been strengthened. This has
laid a solid foundation for the sustainable development of China’s forestry sector
far into the future.
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3 Challenges and Strategies for China’s SFM

Currently, China’s forestry organizations shoulder important functions of developing and
protecting forest ecosystems, managing and rehabilitating wetlands ecosystem, improv-
ing and treating desert ecosystem and protecting and developing biodiversity, as well as
ensuring the supply of forest products. Thus forestry has become an important sector to
China’s economic, social and environmental development. The main challenges China’s
forestry sector face must be dealt with comprehensive strategies in the future.

3.1 Main Challenges to China’s Forestry

China’s current forest resources face the following main issues.

The Forest Resources are Limited

The forest coverage rate in China is just one third of the world’s average; its per-
capita forest area of 0.145 ha is only one fourth of the world’s average and the
per-capita forest stocking volume of 10.151 m? is less than one seventh of the world’s
average (SFA 2009a).

The Area of Forest Is More Difficult to Increase

The land area suitable for planting trees with good conditions is only 13.21 %, while
poor conditions account for 52 %. Among those suitable lands for plantation, 60 %
of them located in Inner-Mongolia and the Northwestern China with the annual
perception less than 400 mm, which makes it difficult for trees to survive. More
efforts must be put into the same tasks of plantation than ever before (SFA 2009a).

Forest Quality Is Comparatively Low

China’s forest per unit stock volume is 85.88 m? ha, is approximately 78 % of the
world average of 114 m?*ha, with the plantations forests being 49.01 m* which is
still very low by world average level The average annual stock volume growth
(or increment) of China’s forests is 3.85 m?/ha, average of canopy closure is 0.56 and
the average forest stand diameter is only 13.3 cm (SFA 2009a).

The Structure of Forests Is Not Rational

The proportion of pure plantation forest is 63 %, of which the proportion of pure
forest planted with commercial species is as high as 87 %. In terms of age class
structure, the young and semi-mature forests account around 60 % of the existing
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forest stand, and majority of them belong to the plantations and secondary forest
with low biomass (SFA 2009a).

The Pressure on Forest Land Protection Is Getting Tight

During the 7th NFI period, 8.3173 million hectares land assigned for forest use
was found to have been converted into non-forest land; including 3.77 million
hectares of actual forest. The conversion of forests into other land uses without
approval still occurs in certain areas, and the occupation of forest land has
increased in some areas by unauthorized reclamation. The demand for land in
China will continue to increase, since China’s urbanization and industrialization
is still underway (SFA 2009a).

The Gap Between Forest Products Demand and Supply Remains

China’s rapid economic growth, increased capital investment, and growing middle-
class consumption have driven up the demand for wood products. China not only
needs wood to meet domestic demand, it also has a growing and very successful
export industry. In 2009, the import volume of wooden forest products in China
was equivalent to 184.3662 million cubic meters of timber. There is also an imme-
diate shortfall in supply of about 2 million cubic meters of timber and this will not
be solved in a short term. Meanwhile, there are not that many investors interested
in the FHFP. Ten years passed which is about two third of the project period of
time, but less than one sixth of the plantation of the FHFP target has been met so
far (Wang 2011).

3.2 Targets and Strategies of China’s Sustainable Forest
Management

The Chinese government has long attached great importance to forest development
and protection. Since the global community has reached the consensus that forests
can provide a major mitigation and adaptation function to combat climate change,
as the international negotiation process of United Nations Framework Convention
on Climate Change (UNFCCC) moves on. The Chinese government has paid more
efforts to develop forestry and improve ecological environment through forest mea-
sures. In September 2009 at the United Nation’s Climate Change Summit, President
Hu Jintao announced to the world community that “China will greatly increase its
forest carbon sink by increasing 40 million hectares of forest area and 1.3 billion
cubic meters of forest stock volume by 2020 from that of 2005 level” (hereafter
referred to as Double Increases). In November 2009, the “Double Increases” became
one of the three voluntary commitments made by the Chinese Government in
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controlling the greenhouse gas emission. According to the “Double Increases” and
other planning related to China’s forestry development, the following targets have
been laid out.

Objectives of the 12th Five-Year (2011-2015) Forestry Plan

In order to reach the “Double Increases” targets by the end of the year of 2015, the
main targets of China’s forestry development are as follows:

From 2011 to 2015, the area of new plantations will be 30 million hectares, and
35 million hectares of other intensively managed forests. At the same period of
time, 12 billion trees will be planted through National Compulsory Tree Planting
Campaign. At the end of the 12th Five-Year Plan, the forest coverage will be
21.66 % with a forest stock volume above of 14.3 billion cubic meters. The carbon
storage of forest vegetation is expected to be 8.4 billion tons. The sustainable man-
agement of key regional ecological resources can obtain remarkable results, not to
mention that the forest industries output value will reach 3.5 trillion RMB Yuan
(550bn USS$) and the forestry industrial structure and productivity layout will be
more reasonable (SFA 2011).

Objectives of the 13th Five-Year (2016-2020) Forestry Plan

The area of annual afforestation (including protected areas such as mountains set
aside for natural regeneration) will be over 5 million hectares, with the forest cover-
age of 23 % and the forest stock volume of 14 billion cubic meters. The area of
desertified lands coming under active management will be over 50 % of those suit-
able for control. About 110 million hectares of national key public welfare forests
will be effectively protected. More than 60 % of natural wetlands will be taken
under sound protection. The “Double Increases” will be completed successfully. At
that time, the overall functions of forest ecosystem to store carbon will be further
strengthened, and the capability of forests to sequestrate carbon will be further
improved (SFA 2009b).

3.3 Strategies of China’s SFM

As mentioned previously, however, China’s forest sector still faces many challenges.
In order to reach its “Double Increases” on time and close the gaps between eco-
system service functions and the demand for commercial forestry products generated
by industry and the whole society, China’s forestry sector will have to adopt some
comprehensive strategies to further develop its sustainable forest management.

The first of these will have to be to increase the intensity of the tree planting and
afforestation to achieve an efficient afforestation area expansion.
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Implementing the existing national key forest ecological programs continue in
order to construct China’s north green ecological shelter belt and the green ecologi-
cal shelter belt in coastal areas. With the dissemination of “Increase Green Around
You” action, compulsory tree planting for all citizens will be deepened and the gross
forest areas will thus be rapidly expanded. At the same time the forest silviculture
will be strengthened to ensure “plant one seedling, one survivor and one future
tree crop”. By the year 2020, China’s forest coverage is expected to have increased
from present 20.36 % to 23 % as the twin targets of the “Double Increases” are
accomplished.

The second is to do a good job in silviculture to improve the forest quality of
standing crop.

The improvement of standing crop quality can be realized by the way of adjusting
the structure of forest stand, intensifying silviculture to increase per unit standing
volume and the increment volume, improving forest stand quality, maximizing
forest land productivity.

The third is to intensify the protection of forest resources and prevent forest
degradation.

Such measures are needed to prohibit various kinds of deforestation activities
such as unauthorized use and expropriation of forest land and to control the conver-
sion of forest land to non-forest land. Efforts to conserve the vegetation and the soil,
timber logging operational procedures will be updated to reduce the damage done
to the ground cover and forest soils from logging operations. Early warning systems
for forest fire and forest disease and pest prevention shall be established to effec-
tively limit the occurrences and areas affected by forest fires as well as pests and
diseases. Integrated measures such as these will insure China’s forest resources
against degradation and guarantee the efficiency of forest carbon sequestration.

The fourth will be to expand the timber utilization and develop the ‘green
economy’.

In order to expand timber utilization, reform is needed of the timber logging
license approval procedure and accelerate the establishment of industrial plantation,
promote the incentive mechanism of timber processing and formulate subsidy
policy for using timber to replace energy-intensive materials, broaden the forest
management and timber use market, promote the “use of timber instead of plastic,
iron or steel”, by which green economy will be developed, and green employment
promoted, while forest carbon stocks are increased.

The fifth strategy needs to actuate all approaches to mobilize the whole society’s
involvement in forestry development.

That the main investor is currently always the government need to change.
Various investment and financing mechanisms that match the collective forest
tenure reforms are needed, along with changes in insurance instruments, and the
subsidy and allowances that mobilize farmers’ initiative in afforestation investment
also need to be upgraded. China’s eco-system services market will be fostered,
especially for forests and the carbon trade, and flourish by scientifically operating
the forest carbon mechanism, to let the broad base of forest farmers become the
beneficiaries of collective forest tenure reform. The reform of state-owned forestry
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enterprises also need to be put on the government’s agenda to improve the living
standard of people living in forest communities and protect the precious natural
forest resources. Such innovative policies should attract more private investors to
the forest industry and so close the gap between forest products supply and the
demand from the society.

Some things are easier said than done, however, and. China’s forest issues can’t
be solved by forestry sector alone. Forestry sector definitely needs cooperation from
other sectors even the whole society’s support to reach its comprehensive goals.
We also hope to share other countries’ experience of SFM.
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The Value of Forest: An Ecological Economic
Examination of Forest People’s Perspective

Debal Deb

Abstract While a comprehensive economic valuation of all use and non-use values
of the forest is impossible, indigenous societies seem to have a clear, albeit inchoate
idea of the value of the forest on which they depend for their material and cultural
existence. Forests were valued in all ancient civilizations, and often carefully
preserved for subsistence as well as esoteric uses. Following the rise of capitalism,
governments in Europe and her colonies considered forests first as wastelands, and
then a valuable resource for economic development, and abrogated the customary
rights of indigenous forest villagers. All governments of ex-colonies have passed
laws to conserve forests as national assets, but often consider them as an obstacle to
economic prosperity, whenever profits from industrial land use appear to exceed
the instrumental value of the forest. Throughout this cycle of the loss and gain of
economic importance of the forest, indigenous people and their perspectives are
pushed into oblivion.

Indigenous forest people consider the forest’s existence value to be as important
as its use value, and as the bedrock of their cultural and political identity. Bereft of
ownership and management rights to the state-owned forest, indigenous villagers
have created their own forests on their private and community lands — both as “non-
forest” vegetations for biomass removal, and as sacred groves, which uphold the
non-use value of the land. Several tree species are planted and maintained along
roadside, at home gardens and in sacred groves, regardless of their use values. Many
rare and endangered trees that have disappeared from the state forest now exist
only in these folk forests. These “worthless” trees and forests highlight the indigenous
ecological economic perspective, in which the cultural significance of the forest
transcends its instrumental value. This perspective of the value of the forest under-
lies the cultural-political motive for forest conservation, in opposition to the profit
motive of industry and the development agenda of the state.
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1 Introduction

The role of biodiversity in economic performance and the impact of economic
activities on biodiversity — both used to be external to the economist’s realm of
interest. Eager to draw attention of economists to the importance of biodiversity,
many biologists have highlighted the economic value of biodiversity. Their assump-
tion was that if people realize the value of biodiversity, they would likely preserve it
for long term direct benefits. E. O. Wilson, among the most influential biologists,
pointed out that biodiversity is a huge stock of materials that we can mine to obtain
food, medicines, raw materials for industry, and make money. Why should the
destruction of biodiversity concern us? In addition to the loss of much of its current
utility, “vast potential biological wealth will be destroyed. Still undeveloped
medicines, crops, pharmaceuticals, timber, fibers, pulp, soil-restoring vegetation,
petroleum substitutes, and other products and amenities will never come to light”
(Wilson 1992: 331). All this translates into the economic value of biodiversity from
its potential future uses.

The appeal for biodiversity conservation based on its lucrative, and mostly
untapped, commercial value led to the launching of several projects of biodiversity
prospecting — the search for new commercial products among naturally occurring
organisms — as both a mechanism and an argument for conserving biodiversity in
tropical rainforests (Wilson 1992; Reid et al. 1993). Such bio-prospecting projects
have generated controversy over, and interest in, intellectual property rights of
indigenous peoples and nation states over biodiversity (ETC. Group 1994; Medaglia
2007). However, the value of biodiversity per se — beyond the obvious instrumental
value of commercialized plants and animals — scarcely made a topic of mainstream
economic discourse, because nature and non-instrumental value of life lay beyond
the scope of neoclassical economics. “If Judeo-Christian monotheism took nature
out of religion, Anglo-American economists (after about 1880) took nature out of
economics” (McNeill 2000: 336). It is only after the emergence of ‘ecological
economics’ as a discipline that nature seems to get accommodated in mainstream
economic literature, albeit with considerable econometric inconveniences.

Over the past few decades, economic valuation of forest ecosystems and their
‘services’ has become one of the major exercises of economists in order to convert
biodiversity into a new capital, the ‘natural capital’. The forest is already a major
source of revenue for the state and profit for industries, drawing on forest goods
(e.g. timber and various non-timber forest products [NTFP]) and services (e.g. hunt-
ing, tourism). In the current environmental economic approach, the object of forest
valuation is chiefly to internalize the cost of forest loss in the price structure which,
economists expect, will likely entail conservation.

In contrast, the cultural-ecological perspective recognizes the non-market, non-
consumptive, and non-use values of forest, transcending commercial returns
(Hanley and Milne 1996). From this perspective, sustainable forest use conducing
conservation is based on people’s perception of the value of the forest, but the depth
and extent of that perception is determined by the cultural-political as well as
economic importance of the forest to the local user community.
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Fig. 1 The developer’s willingness to pay (WTP) for development and the community’s willingness
to accept (WTA) different amounts of compensation C1 and C2 (see text in Box 1)

While indigenous forest villagers understandably attach a great value to the
forest due to their economic dependence on it for their subsistence (Malhotra et al.
1992; Conroy et al. 2002), research in community forest management shows that
cultural-political linkages of the user community to the forest, rather than the market
value of forest goods and services, are the key factors that ensure continuation of the
forest resource use over generations (Bernard and Young 1997; Springate-Baginski
and Blaikie 2007; Cronkleton et al. 2011). Specifically, the forest users’ sense of
proprietorship and rights to use the forest are crucial to their civic participation in
protecting the forest from profligate use by their own community members, and
from expropriation by the state and/or industry. All indigenous land rights move-
ments presuppose civic action by the user community, based on a shared idea of
justice and rights, rather than individual gains over others. The existence of indi-
viduals with rights-based beliefs invalidate the principal foundation of cost-benefit
analysis as a means of making judgments over whether a resource re-allocation
improves or reduces social welfare. This foundation of economic benefit calcula-
tions, as Hanley and Milne (1996) point out, is the Kaldor-Hicks principle, “which
states that a resource re-allocation is welfare-improving if the gainers could
compensate the losers and still be better off. But if the losers suffer environmental
costs for which, due to their holding of rights-based beliefs, they would reject any
amount of money compensation, then the possibility for compensation is violated
and the principle can no longer be applied.” (Hanley and Milne 1996: 258). Figure 1
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illustrates this point with the Menominee forest resource as a key instance. Rights-
based beliefs, which also espouse the appreciation of the bequest value of forests,
are not negotiable benefits, and therefore financial compensation for the forest loss,
to these cultures, is inconceivable and impracticable.!

The existence of customary restraints over the use and management of the com-
mons in contemporary pre-industrial societies thus lies beyond the explanatory
reach of the Kaldor-Hicks principle — and related assumptions of neoclassical
economics. The homo oeconomicus model of people pursuing short-term selfish
interests also fails to explain the persisting drive of humans for social justice and
“interests in common welfare, as in the maintenance of a democratic constitution or
sustainable development” (Faber et al. 2002: 325). In contrast, real-life people, the
homo politicus, seeks “agreement on justice and the common good with his
surrounding community and, hence, tries to act and behave in a way such that he
receives approval” (Faber et al. 2002: 329). The value of the forest as perceived by
the homo politicus therefore transcends the aggregate of all tangible economic
values calculated by the homo oeconomicus.

This ecological-cultural perspective of forest value subsumes a political ecological
understanding of the forest, and relies on a broader etymological connotation of
‘value’ — significance — to the user community. In this connotation, the value of
the forest is understood in its differential ontological importance to different
stakeholders/user communities. To hunter-gatherers and shifting cultivators, the
forest connotes a habitat as well as a material resource for their survival, and also
forms part of the landscape shaping their cultural identity. To a timber merchant,
the value of the forest consists in its commercial utility, depending on the market
price of the extracted timber. To the children of forest-fringe villagers, the value of
the forest would consist of the physical space for exploration and entertainment as
well as the fruits and mushrooms to eat. To the urban picnicker, the forest is a place
of relaxation and enjoyment; to them, a forest with large canopy trees and
charismatic animals would be more valuable than a monoculture plantation of
Eucalyptus or teak.

In this paper I will examine forest people’s perception of the value of the forest,
and from this perspective, show the limitation of the economist’s focus on the value
confined to monetary terms. I would argue that any attempt at economic valuation
of the forest (or any other natural resource) is fated to be incomplete and parochial,
simply because there are no markets for many of the goods and services, and also
because the prevailing prices of goods are often determined and distorted by extra-
market factors. I contend here that the ecosystem people’s view of the forest
captures the ecological and cultural interfaces more comprehensively than does the
standard economic view of the forest as a stock of commodities. Yet, this perspec-
tive remains absent in the forestry discourse and the forest economic valuation litera-
ture. I intend to show the general conflict of authoritarian standard (‘mainstream”)

!'This explains why most ecosystem peoples fail to claim compensation for the loss of their forest
habitats due to development projects — they cannot imagine the possibility of money compensation
for the loss.
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perspective with the ecosystem people’s perspective of the forest, and the contrasting
ecological and economic consequences of the two different worldviews.

2 The Forest’s Worth

Over millennia, hunter-gatherers and shifting cultivators have largely maintained
their forests as their habitat, but were displaced whenever the elite classes usurped
this resource base. Archaeological evidence and mythologies depict episodes of for-
est destruction due to elite extravagance, political conflicts and invasion, alongside
alegacy of indigenous conservation ethic (e.g. Hughes 2001; Diamond 2005; Turner
and Berkes 2006). Many rulers had realized the adverse economic consequences of
deforestation, and maintained royal forest reserves. Emperor Ashoka (269-231
BCE) expressed the value of the forest on his famous stone edicts, prohibiting
gratuitous destruction of forest and wildlife. Despite this long history of people’s
appreciation of the value of the forest, monetary valuation of the totality of forest
goods and services has never been a veritable project in economic history until the
1990s. It is entirely a new idea of late capitalism, emerging from what Escobar
(1995: 203) calls the “semiotic conquest of nature” — it enables capital to engulf
nature and the cultural meanings of nature (Deb 2009).

With the rise of ecological economics as a distinctive discipline, a considerable
volume of literature relating to the classification of value and valuation methods
began to be published in the 1990s. The values of forest and other ecosystems are
broadly grouped into direct, indirect, and non-use value, with some overlaps
between these categories. A comprehensive valuation of a natural entity not only
involves identification of the market and non-market value of the entity, but also of
the non-consumptive use value, ethical value, bequest value, and existence value
(Randall and Stoll 1983; Manoka 1997), such that the total economic value (TEV)
of the forest is:

TEV = UV (usevalue )+ NUV (nonusevalue) (1)

where UV = consumptive use value + non-consumptive (e.g. aesthetic) use value +user’s
option (for future use) value+nonuser’s option value+ethico-religious (e.g. sacred)
value; and NUV = existence value+cognitive value+bequest value®. Table 1 shows a
summary of the categories of value that comprise the TEV of a tropical forest.
Broadly speaking, direct use value spans all known uses of the forest — such as
food, fodder, fuel, and raw materials for construction and implements, articles of
furniture, and medicine. Direct use of forest also includes the use of forest litter for
mulch in agricultural fields, and the use of the forest space and forest products for
religious, ritual and aesthetic purposes. Clearly, all these uses usually have a definite
market price. In spite of the mismatch between market price and economic value,

2Manoka (1997) describes bequest value as a form of use value (to posterity).
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Table 1 Components of total economic value of a tropical forest

Use values
Direct value Indirect value Option value Non-use values
Timber and Water storage and water Future (both direct and Existence value

pulpwood table maintenance indirect) uses of

currently-used items

Non timber forest Nutrient cycling Future uses of Cultural heritage

products yet-unused items and Bequest

value

Recreation and Air pollution reduction

tourism
Human habitat Climatic functions

(e.g. albedo reduction,
“bringing rain”)

Plant and animal Crop resistance

genetics to pathogens
Education and Predation on crop pests

research
Ritual & Religious  Crop pollination

uses
Vicarious Storm barrier

enjoyment

Modified after Bann (1997)

the direct use value of a forest is commonly estimated from the aggregate market
price (or in some cases, shadow price) of the different forest products.

Indirect use value incorporates all uses that people make only incidentally, or
with no explicit purpose of using. The shade of forest canopy, or the reduction of
albedo effect is a benefit from the forest, which is an incidental, yet important
service of the forest, and all humans obtain this service without any effort or expen-
diture. Indirect uses of the forest are related to the natural functions of the forest
biodiversity (primary production, inter-specific interactions, etc.) that provide
various services to the economy (pollination, pest control, water table maintenance,
etc.). People in the vicinity of the forest breath the oxygen produced from the forest,
without any deliberate effort to use that oxygen.? Like the forest products (goods),
the indirect uses (services) have a consumptive value. The value of such indirect
uses is difficult to estimate, yet may be approximated by employing some imputed
‘shadow prices’ or option values of the service in the absence of the forest.

It is necessary here to distinguish between non-consumptive use value and
non-use value. The former refers to certain forms of cultural uses that entails no
quantifiable consumption, yet has some use. Examples include the aesthetic use
of a landscape, which people visit for enjoyment, or which adds to the value of

3Oxygen will continue to be available for people to breathe also in the absence of any particular
forest, so ecological economists talk about oxygen balance maintenance instead of oxygen produc-
tion as a forest ecosystem service.
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adjacent properties, or the use of flowers in ritual or ceremonial decoration. All these
uses can be, however, valued in monetary terms. The value of aesthetic use of a
place may be estimated using travel cost method, for instance, while the ritual use
may be valued using the market price of the item or its nearest substitute, and
therefore should be included as a “direct use value”.

In contrast, the non-use value (NUV) is impossible to estimate with precision.
Examples cited in literature include “existence/intrinsic value” and “bequest value”.
We may add “sanctity” value, alluding to the cultural-religious concepts of sacredness
attached to an organism or a place. People may never use any part of a sacred species,
or never visit a holy place in the forest for pilgrimage, yet hold it in reverence. Because
a tree or a forest patch held sacred in a local culture cannot be substituted except
with a similar sacred tree or sacred grove, its monetary value is therefore practically
inestimable. Thus, a flower used in a religious ceremony construes its religious use,
which is a type of direct use value, while a sacred tree, no part of which is used for
any purpose other than its being held sacred, is an example of the NUV.

Non-use value is the most formidable conceptual difficulty for economic valua-
tion, because in classical economics, a thing of no utility has no value. Consequently,
there is no reliable economic tool to estimate the value of non-use of anything.
Non-users’ willingness to pay (WTP) for the forest’s existence is the only gross
approach to approximating the NUV. The WTP for existence value, however, is
sure to vary widely with the social and economic status, location of the residence,
cultural background, and awareness level of individual respondents, and even the
type of questions asked to estimate the respondent’s WTP.

Many indigenous societies in South Asia and Africa conserve small patches of
vegetations, from which no living matter is extracted (Malhotra et al. 2007; Sheridan
and Nyamweru 2008). These sacred groves are conserved for generations, regard-
less of the direct or indirect use value of the component biota (Deb and Malhotra
2001; Deb 2008a). Somewhat overlapping this sanctity value, an important NUV of
the forest is its existence value, which is independent of the utility of the object
being valued to the valuer, or its use to someone other than the valuer. Thus, a forest
is of value to the non-users if they are happy to know that the forest exists there, and
will be unhappy if it is destroyed. Many forest people also feel obliged to leave at
least parts of their forest intact and bequeath the asset to posterity for possible future
use, so its bequest value accrues to future generations.

The biggest difficulty in assessing TEV of the forest (or any species, ecosystem,
or landscape) is that there are interactive influences between different components
of TEV (Tisdell 2005). The biodiversity of the forest has its existence value, but also
has a great use value, because all the forest products and services are a function of
biodiversity. Thus, the total value of biodiversity subsumes the values of timber,
fruits, mushrooms, medicinals, game animals, as well as the value of tree shades
(in albedo reduction) and photosynthesis (in carbon fixation). Similarly, if villagers
consider a part of the forest as a sacred space, it would have a cultural-religious
value and a bequest value of the cultural heritage. Because a range of interactive
influences between components of the TEV exists, “the additivity assumption” in
Eq. (1) is invalidated (Tisdell 2005: 112). Therefore, the worth of the forest cannot
be surmised from the sum of the values of all its goods, services, and opportunities,
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“any more than the value of a mountain can be estimated from the sum of the market
value of its constituent blocks of stones” (Deb 2009: 68).

Non-instrumental/non-market values are often incompatible with the view of
economic rationality and dissonant with the conventional economic valuation ratio-
nale. In particular, conventional econometric tools can hardly assess the NUV of a
forest in absolute terms, because the NUV of the object varies with the extent of
information available to, and awareness level of, the non-user. A conservation
activist may value the existence of the Amazonian rainforest a lot higher than
someone who never heard of it. The existence value of the forest in this case would
tend to increase with the individual’s education levels and awareness of the current
direct and indirect use values of the forest. The non-user’s knowledge of corporate
investments in bioprospecting of the rainforest to tap its potential use values would
enhance the forest’s bequest value to the individual.

The NUV serves to signify a type of value that is not adequately captured in
neoclassical economics, and can be used as a handle to grasp the deontological
worldview of many indigenous societies. Recognition of the NUV of biodiversity
is embedded in cultural, ethical and normative orientations of different indigenous
cultures (Deb and Malhotra 2001; Deb 2009), and this constitutes the cultural-
political dimension of value. Thus, the recognition of NUV construes a deonto-
logical view of nature, which implies that acts (such as the planting of trees) are
more important than the consequences of acts (utilities obtained from the plantation).
“This is the opposite viewpoint to the teleological perspective which lies behind
cost-benefit analysis” (Hanley and Milne 1996: 257). This deontological worldview
is ensconced in the indigenous land ethic and cultural identity.

The forest’s existence is also important to numerous people who believe it brings
rain, purifies the air, or is an abode of spirits. Regardless of empirical validity, such
beliefs espouse a value that transcends the instrumental value of the forest, and also
posits it as an essential component of the landscape that cannot be traded. This
perception underlies, and legitimizes, the indigenous conception of the forest (and
land in general) as a gift of nature to support life. This concept is incompatible with
the modern concept of forest as a resource or commodity, and contrary to price-
tagging of the land. As a leader of the indigenous civil society movement in eastern
India said: “The land is given to us by Sing Bonga (God). There can be no tax on land
nor can it be bought and sold!” (Tilka Manjhi, cited in Siemenpuu Foundation 2008:
75). Translated into mainstream economic jargon, Manjhi’s statement implies that
the value of the rent from the land cannot be discounted. With a zero rate of discount,
the price of the forest becomes infinite* — so no one can sell or buy the forest.

*The standard economic view usually assumes that a good can be either free or have a finite price.
From the ecological perspective, however, most environmental services have an infinite price — no
sum of money, however large it may be, should be permitted to purchase the right to destroy these
services (Deb 2009). In other words, if the rent from the forest land as renewable resource is R and
discount rate is d, then the price (P) of the forest land, as a renewable resource, will be

P=R/d

Atadiscount rate d=0, the price of the land becomes infinite, so no one will be able to buy the land.



The Value of Forest: An Ecological Economic Examination... 131

Box 1 The Menominee Forest: Too Valuable to Develop

For the indigenous forest people, the forest is not just a resource to subsist on,
but a place of inheritance, history, and ethno-cultural identity. The Menominee
tribe, occupying a reservation in central Wisconsin, USA, have been logging
their 220,000 acre of old-growth forest for the past 157 years, yet have never
exceeded their logging quota for the market, never logged for economic
growth. The timber mill of the Menominee Tribal Enterprise (MTE) is run to
generate employment and subsistence-level income, not for making profit.
The MTE never changed the age-old harvesting regulations in response to
fluctuations in market demands. As a Menominee leader put it, “the forest
drives the sawmill, the sawmill doesn’t drive the forest” (Pecore 2005: 177).
The stock of their forest, in terms of both biodiversity and timber quality, has
significantly improved over a century as a result of their “sustained yield”
forestry, of which the MTE is the best model of ecoforestry (Bernard and
Young 1997). The Menominee forest has been described as “an island of tim-
ber in an ocean of cleared land”, and is a complex mixture of diverse species
and stand ages. Each forest stand is structurally complex, “containing seed-
lings, saplings, and saw timber trees as well as dead material in various stages
of decomposition” (Pecore 2005: 176).

Proceeds from saw timber sale are equally divided among all members of
the Menominee Nation, and everyone earns a modest living, but “no one can
imagine to cut another tree in order to become a little bit wealthier” (personal
notes from my interview with the Board members, Menominee Tribal
Enterprise, 22 November 2009). The Menominee possess an asset worth more
than a billion dollars, yet do not aim to attain “economic salvation” at the cost
of this asset because, as a member proclaims: “The forest is the Menominee
people... Our history lives here. We have always tried to hang on because this
is where we belong.” (cited in Bernard and Young 1997: 98).

The Menominee traditionally own most of the forestland in common, and
few individuals hold title to land. This arrangement was perturbed in the
1960s, following the passage of the Menominee Termination Bill in June 17,
1954, which terminated the federal protection of the Menominee Indian res-
ervation. Upon Termination, every enrolled Menominee man and woman
received a payment of $1,500 and the payments for children and incompetents
were held in trust by the government. Soon afterwards, unaccustomed to mak-
ing profit, the Menominee ran their timber business in continual loss, and
failed to pay taxes. In a government bid to secure a tax base, a portion of their
pristine lakeside land went in 1965 to a development company. This alarmed
and united all members of the Menominee tribe: “Educated Menominee who
had left the reservation and were living in Milwaukee and Chicago; young
people emboldened by the events of the 60s; elder tribal members who had
stayed close to the reservation and more traditional ways — all united to
fight the conversion and loss of their forest” (Bernard and Young 1997: 106).

(continued)
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Box 1 (continued)

After a series of legal battles and advocacy campaign, the Menominee won
back their independence and sovereignty over their land. The US Congress
officially terminated the policy of Termination on December 22, 1973, to
reinstate the Menominee tribe (Bernard and Young 1997).

This history of a brief period of termination and subsequent reinstatement
of the tribe is a brilliant testimony to the immense value of the forest to the
forest people. To the Menominee, the value of their forest far exceeded any
monetary value that economists strive to fathom with people’s “willingness to
accept compensation” for the loss of their land. Figure 1 illustrates the
difference in marginal evaluation of land between the perspective of forest
people (in this case, the Menominee) and the developing agency (in this
case, the US government). The black line shows the government’s willingness
to pay (WTP) some amount of monetary compensation for developing the
Menominee forestland during the period of Termination. If the community
had agreed to accept a compensation C1 (red line) for the loss of their land,
development of a certain proportion of land would be optimal. The optimal
proportion is at the intersection of the government’s WTP and the communi-
ty’s willingness to accept (WTA) lines. However, during the termination
period, the Menominee were unwilling to accept the level of compensation
and/or economic benefits to be accrued from development of their land. Even
decades after the revocation of the Termination, the Menominee continue to
insist: “no money could buy our forest, which is our existence, our past, our
future” (Marshall Pecore, personal interview dtd. 22 Nov 2009). This situation
may be described as the Menominee’s willingness to accept, hypothetically,
an arbitrarily high level of compensation C2 (green line), which is far above
the WTP line. As no intersection of this green WTA line and WTP is possible,
no development is optimal. Thus, development of the Menominee land could
not take place, and the Menominee’s dissent led to the reinstatement of the
tribe and their commons.

In India, all hunter-gatherers and shifting cultivators — from the Onge and Jarawa
of the Andaman Islands (Venkateswar 2004) to the Warli of Maharashtra (Prabhu
2003) and the Dongaria Kondh of Odisha (Padel and Das 2010) — who have not yet
been extirpated from their traditional economies and cultures — value their forests
incomparably higher than any amount of money could possibly compensate for the
loss of their forest. To all these forest people, the NUV is as important as the direct
use value of the forest. The perception of the NUV of the forest becomes prominent
in indigenous people’ land rights movements, which are shaped by their cultural and
political institutions, such that the “valuation languages” of the ecosystem peoples
and the people of industrial societies inexorably diverge (Martinez-Alier et al. 2010).
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3 The Transformation of Value: A History
of Forest Management

The history of forest management in modern India is the history of enclosure of the
forest commons, and of the expropriation and decimation of the resource base of the
ecosystem people. In modern India, the commercial silvicultural agenda of forest
administration has, over the past 150 years, destroyed and fragmented ecosystems,
transformed traditional land use systems, and economically and culturally margin-
alized all ‘ecosystem peoples’ (Gadgil and Guha 1995). This profligate land use
system is an heir to the European land use policy of the past centuries.

In the seventeenth century, Europe began to witness “a slow, tentative and con-
tested movement away from feudal entitlements, where land was held ‘of” others, to
a more recognizably modern conception of land as a basis for secure entitlements
that could be rented, used, sold and willed” (Blomley 2007: 2). This movement left
no room for the commons and their customary management by rural communities,
which began to disintegrate in response to the concretion of the concept of private
property and supportive legislations. In the nineteenth century, most of the com-
mons (also termed “wastes” or “wastelands”) in England were enclosed for either
the state or private ownership, which terminated all ancient regimes of community
ownership (Neeson 1993; Blomley 2007), as a result of which peasants were “first
forcibly expropriated from the soil, driven from their homes, turned into vagabonds,
and then whipped, branded, tortured by laws grotesquely terrible, into the discipline
necessary for the wage system” (Marx 1887: 688). The emergence of a new land use
system in nineteenth century England essentially redefined human relations with
forests and pastures, in order to foster industrial development at the expense of sub-
sistence needs of the rural agro-pastoral communities. The emergence of European
forestry thus led to “the creation of a technological, and often, technocratic elite
with a monopoly over decision making on forest use” (Rajan 1998: 326).

This part of European history is necessary for an understanding of the orienta-
tion of forest governance in modern India, because the European empires exported
their land use policies to all their colonies in order to replace native customary
land use systems with statutory institutions, and in the process destroyed the
commons (Bryant 1996; Grove et al. 1998; Spence 1999; Rocheleau et al. 2000;
Chiuri 2005). All colonial governments legislated for the enclosure of forests
and other commons®, and proscribed traditional indigenous forest economies —
hunting-gathering, and shifting cultivation. In India, the enclosure of the forest
not only decimated the natural wealth of biodiversity, but also brought about
unprecedented displacement, poverty and criminalization of numerous indigenous
societies (Gadgil and Guha 1995; Grove et al. 1998; Sivaramakrishnan 1999;
Davis 2001; Equations 2007), and established a legacy of mistrust and conflict

>The same model of forestry is by and large continuing in ex-colonies after their independence
(Colchester 2006; Bose et al. 2012).
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between the state and ecosystem peoples across generations (Kapoor 2007;
Springate-Baginski and Blaikie 2007; Deb 2008b).

In the early decades of British rule in India, forests were considered to be unpro-
ductive wastelands, a “bar to the prosperity of the Empire” (Ribbentrop 1900: 60).
With an aim to converting the forest into revenue-generating farmland, a Baze
Zamin Daftar (Department of Wastelands) was instituted (Sivaramakrishnan 1999).
The government encouraged cultivators to clear forests, and endorsed sacrifice of
forests “without hesitation” in cases where demand for arable land could only be
met through such sacrifice (Flint 1998: 432). Throughout the nineteenth century and
early twentieth century, European finance capital dictated clearing of forests, in all
colonies, in order to raise extensive commercial plantations of cash crop — indigo,
opium and tea in India, rubber in Malaysia, cacao in Africa, coffee in Brazil, bananas
in Central America, and cotton in the southern States of USA (Davis 2001;
Goldewijk et al. 2001).

The empire, however, later deemed the forest to be a valuable resource when
railway expansion and shipbuilding put an increasing demand of timber. ‘Scientific
forestry’ was employed from the 1850s on with the objective of ensuring the supply
of timber in the service of imperial economy,® and the imperial Forest Department
was established in 1864. Throughout India, forests that had already been depleted
by the railways, were “overworked to provide timber and fodder for military use
between 1914 and 1918, and exploited even more excessively to meet wartime
wood needs between 1940 and 1944” (Flint 1998: 441).

Prior to the state’s enclosure, all forests of the Indian subcontinent, with a few
exceptions of royal hunting reserves, were customarily managed by societies of
hunter-gatherers and shifting cultivators. In various indigenous hunter-gatherer and
shifting cultivator societies, still surviving in different parts of the subcontinent, a
matrix of taboos, customary quotas on harvest, and closed seasons for fishing, hunting
and gathering reflect tacit cultural restraints on exhaustive resource use, and shape
the indigenous ecological ethic, which has conserved the indigenous resource base
over millennia (Deb and Malhotra 2001; Maffi 2004; Turner and Berkes 2006).
The traditional conservation ethics of the indigenous societies, wherever they survive,
continue to prohibit exhaustive use of the resource base over generations — until
these societies become ‘modernized’ through education and commerce.

The ancient customary natural resource management regime in India began to
collapse in the 1870s, when forest legislations appropriated all forests of the
country and abolished the customary rights of forest villagers over ‘protected’
and ‘reserved’ forests. This act of enclosure of forests constituted a major watershed
in India’s ecological and political history, marked by episodes of dispossession

®The science of forestry was born in the nineteenth century with the explicit objective of contribut-
ing to the continuation of economic progress, not wildlife or nature conservation. As Gifford
Pinchot put it succinctly: “The object of our forest policy is not to preserve the forests because they
are beautiful ... or because they are refuges for the wild creatures of the wilderness ... but the mak-
ing of prosperous homes.... Every other consideration comes as secondary” (cited in Robinson
1975: 55).
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and displacement of ecosystem people, which in turn elicited over 70 major adivasi
(indigenous peoples) uprisings across the country,” between the Malpahariya
revolt in Bihar in 1772 and Lakshman Naik’s insurgency in Orissa in 1942
(Equations 2007). Most of these rebellions were brutally quelled, although in a
few instances the British acceded to the immediate adivasi demands, as in the
case of the Bhil revolt of 1809 in central India and the Naik revolt of 1838 in
Gujarat. These uprisings reinforced the image of the rebellious forest tribes as
savages, whom the government sought to bring into its domain of civilization.
The British government enlisted Lombrosovian criminology to pass the Criminal
Tribes Act in 1871, which stigmatized about 150 recalcitrant adivasi groups of
nomadic hunter-gatherers and shifting cultivators, who chose to remain outside
the pale of agrarian economy (Equations 2007; Deb 2009). The state sought to
tame both the forest and the “savage” forest people, by law and legitimized
coercion. “Coercion by the paternalistic state, like force-feeding a detesting sick
child, was intended for the healthy development of the savage. From the progres-
sivist perspective, the fact that binding the savage down to the civilized life of
settled agriculture generated revenue and a labour force for the state appears
incidental, yet proves the benefits of development.” (Deb 2009: 32-33).

After India’s independence, the Forest Policy of 1952 reiterated the state’s
absolute ownership of forests and the promotion of state capitalism in the forestry
sector. The Clause 7 of the 1952 Forest Policy stated: “The accident of a village
being situated close to a forest does not prejudice the right of the country as a whole
to receive the benefits of the national asset.” (Gol 1952). To protect this national
asset, the policy urged for a “scientific conservation of the forest” that “inevitably
involves the regulation of rights and the restriction of privileges of users ... however
irksome such restraints may be to the neighbouring areas” (ibid.). Forestry was
geared to supply raw material to industry at the expense of the objective of biodiver-
sity conservation, and the livelihood needs of forest villagers (Gadgil and Guha
1995; Sivaramakrishnan 1999; Joshi 2010). The forest department used to sell
bamboos at 1 rupee per ton to paper industry for five decades after independence,
while the local artisans, such as basket makers, had to pay Rs. 3,000 per ton (Gadgil
and Guha 1995). From the late 1970s onwards, the Forest Department (FD) raised
large-scale plantations of exotic quick-growing species (QGS) on forest lands, and
in so doing displaced numerous native flora and fauna, thus violating the professed
policy objective of conservation. In the sal (Shorea robusta) forests of southwestern
districts of Bengal, even the root stocks of native trees were uprooted for raising
eucalypt plantations (Deb 2008b). The harvest of QGS in short rotations continues
throughout the country to ensure the supply of pulpwood and poles for paper and
mining industry, respectively. The indigenous forest villagers find it both logically
and ethically unacceptable to witness the FD organizing large-scale commercial

7Some of the milestones were the insurrections and revolts of the Tamar (1795), Bhumij (1798-1799),
Munda (1819-1820), Paik (1817), Bhil (1818-1831), Santal (1955-1956), Kharia (1860-1880)
Kairwar (1871), Munda (1895), Sardari (1859-1895), and the Oraon (1915-1920).
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harvest of timber and bamboo, which are forbidden to them for use in local craft
economies. As a Kondh woman from Odisha expressed,

“[T]he government says the land on which you have patta (title) is yours and the rest is the
government’s! This is not our way .... The water for instance, does not belong to anyone
like the government thinks—it is given by God for the forests, the animals and humans
alike. But the government would not understand this. This soil does not belong to the gov-
ernment or the government’s parents (sarkar kimba aur tanko bapar ko mati nahi tho).
They have been given to us by God through the ages. Who is this government (e sarkar
kee?) that lets the paper mills take the longest bamboo and best wood and then asks us for
royalty and taxes for small cuts for poles?”

(cited in Kapoor 2007: 23)

After independence, India’s land use policy has served the political and
economic interests of the urban industrial- bureaucratic-political elite (Gadgil and
Guha 1995; Bose et al. 2012). Forest villagers and ecosystem people were con-
tinually divested of their resources and their right to managing the resources,
while industry and commerce were given priority. The neoliberal land use policy,
designed to foster industrialization, has not only decimated India’s forests, but
also systematically violated indigenous land rights. In spite of the Constitutional
recognition in the 5th and 6th Schedules of tribal ownership rights over land and
forests in Scheduled (protected) Areas, “contradictory legal provisions and failure
to implement or translate Constitutional Provisions into reality” continue to
undermine the indigenous people’s land rights (ACHR 2005: 4-5). For example,
forest laws that confer usufruct rights to use non-timber forest products without
right to ownership contradict the ownership rights provisions of the 5th Schedule.
Forest villagers are divested of their traditional land rights through various bureau-
cratic strategies of the forest directorate, which include: forest reservations, leas-
ing of land to industrialists, and the eviction of forest villagers as encroachers into
national parks and sanctuaries. The indigenous land right does not exist under the
Forest Conservation Act (1980), the Wild Life (Protection) Act (1972), and the
Land Acquisition Act (1894): “The government has the sovereign right to evict
people for undefined public interest or ‘larger interest’, but the affected people do
not have the right to question the decision of the government on forced evictions”
(ACHR 2005: 9).

Development projects in India have cleared vast tracts of forest, evicted millions
of forest villagers, and have even de-notified several national parks and sanctuaries
(Kothari et al. 1995; Shrivastava and Kothari 2012). The industrial policy in various
States has sought to attract the inflow of investment and investment promises with
numerous industrial projects. For recent instances, a plethora of projects such as
Sterlite-Vedanta’s bauxite plant at Niyamgiri Hills, and steel plants of Posco at
Paradeep, Tata at Kalinga Nagar and Arcelor-Mittal at Keonjhar — all in the State
of Odisha — have over the past decade destroyed the traditional resource base of
the indigenous residents on the project sites. Under the neoliberal land policies,
“traditional occupiers of land under customary law confront the prospect and reality
of becoming illegal encroachers on land they have cultivated and sustained for
generations” (Pimple and Sethi 2005: 239).
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In India, as in most ex-colonies, forest policies and laws have facilitated
exploitation of forest villagers both by the FD and industry (Pimple and Sethi 2005;
Colchester 2006). Low wages, arbitrary high-handed treatments by forest officials,
extortion of “gifts” from the villagers, and departmental corruption in collusion
with the rural elite are common throughout the country (Deb 2007b; Joshi 2010).
The national Working Group of Welfare of Backward Classes for the Fourth Plan
acknowledged in 1967 that the manner in which the existing forest policy is under-
stood and implemented had placed the forest villagers at a complete disadvantage
(cited in Joshi 2010).

This protracted process of systematic violation of rights of forest villagers and
their estrangement from forest management has over decades severed their cultural
linkages to the forest and nurtured a sense of what Marx (1862) termed alienation
(Entfremdung) of people from their life and nature at large. The Koya people of
Malkangiri district, who had always cared for the wild bamboo, are now employed
by the Odisha Forest Development Corporation to destroy their own bamboo groves
(Sainath 1996: 100). To these alienated forest villagers, the value of the forest is
largely confined to the forest products they can extract for subsistence. Like the
urban industrial-bureaucratic elite, the disentitled villagers have little recognition of
the value of the forest beyond its direct use value. Bereft of the traditional value-
linkages, the cultural meaning of the forest is presently confined to its instrumental
value to the villagers, who in the liberal market arrangements would pursue their
individual ends “relatively unfettered and oblivious to the social consequences”
(Shutkin 2000: 41). Furthermore, bereft of community ownership and accountability,
the forest is relegated from its common property status to open access status, with
few restraints to observe. When access to this open resource is denied, the disgrun-
tled ecosystem people “turn their anger against the very forest that sustained them
for centuries, which everyone else exploits, and which forest officials ‘protect’
(Padel and Das 2010: 430). Enclosure has finally turned the wealth into a waste.

The state’s ‘protection’ of the forest resource for the benefit of industry and com-
merce over the past two centuries have taught people to value forest only as a com-
mercial resource. The FD’s de-notification of protected forest areas in the past decades
has already proven the priority of the industrial imperative over conservation needs
(Kothari et al. 1995). While the new Forest Policy of 2008 upholds the conservation
objective and undermines the commercial agenda, a series of big industrial projects
(Vedanta, Birla Cement, BALCO, Tata Steel) have received government approval to
clear forest lands for mining and factory sites. Between the passage of the Forest
(Conservation) Act in 1980 and 2007, approximately 1,140,177 ha of forest land
was cleared for industry, urban sprawl, roadways, agricultural expansion, and
encroachment by development refugees. The era of Globalization has enormously
accelerated this process of deforestation: more than a quarter — approximately
3,11,220 ha — of the total of 26 years of clearance was lost between 2003 and 2007
(Wani and Kothari 2008). This neoliberal turn of India’s development only reiterates
the early colonial view that forests are “unproductive wastelands”, and “a bar to the
prosperity of the empire” — this time, the empire of industry. The state’s perception of
the value of forest vis-a-vis development has thus come full circle.
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The empire of industry continues to destroy all ancient social arrangements that
used to prioritize the interests of the community over private interests, and rein-
forces what Harvey (1996) calls the “standard view” of development. This standard
view, deeply entrenched in India’s ruling ideology, creates new consumer desires,
and shapes all citizens into consumers, who are inculcated to value nature only as a
resource to exploit and exhaust for quick dividends (Deb 2009). This developmen-
tality is in fact an outcome of European rule in colonies, occupied for creating and
expanding markets, for which creation of “wants” was strategically essential.
Thus, a senior civil servant of the English East India Company, sent from Madras to
subjugate the Konds of Odisha under British rule in the nineteenth century,
advocated creating “new wants”, which would eventually make the self-sufficient
tribal societies “dependent upon us for what will, in time, become necessities of
[their] life” (cited in Padel and Das 2010: 179).

The state’s authority over the forest, as well as the industrial rationale of forest
depletion, is challenged when local people are entitled to managing their resources
as commons. Reinstatement of the commons invariably reverses the process of
exhaustive use and destruction of the forest, and individual profit motives are subju-
gated to the community interest. Wherever local village communities acquire the
authority to govern their forest, the condition of the forest demonstrably improves —
in terms of species diversity, stand architecture, and use value. In northeastern
States, 75-90 % of the forests are owned and managed by autonomous tribal coun-
cils, and the forests in these States are the richest in biodiversity, housing numerous
rare and endemic biota. The most efficiently managed sustained-yield forest in the
country is the “people’s forest” at Lapanga in Sambalpur district of Odisha, which
the villagers created in the 1930s by sacrificing their own farmlands (Mishra 2008).
Villagers have been autonomously managing this forest, covering 418 acres, with
their own community regulations for the past 80 years.® In the districts of Nayagarh,
Deogarh and Mayurbhanj of Odisha, many villagers have formed autonomous pro-
tection committees to protect and regulate harvest of trees in large tracts of forest,
with no technical inputs from statutory institutions. These self-initiated community
forest management efforts have resulted in spectacular regeneration of degraded
forests (Conroy et al. 2002).

In spite of the state’s priority given to industrial needs, and the supremacy of the
State Forest Department’s authority, villagers in many districts continue to protect
remnants of ancient vegetations as sacred groves, which are an important part of
the village landscape in many parts of India (Malhotra et al. 2007). In the north-
eastern State of Mizoram, the institution of sacred groves is reincarnated as “safety
forests”, which are maintained without the need of any official agency to enforce
conservation (Deb 2009). In these instances, traditional regulations and customary
edicts are more successful in conserving the commons than similar regulations
imposed by external authorities and statutory institutions. In all societies, various

8This idyllic forest land is now under threat of destruction from Hindalco’s aluminium mining. The
Lapanga villagers won in a legal battle against the company, yet the State government connives at
the company’s mischief, in defiance of the judicial order.
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cultural and moral drives nurture self-restraint in resource use, which are invoked
in norms of the commons, to override individual interests and resist the temptation
of immediate economic benefits from altered land use (Burke 2001; Ostrom 2005,
2009; Baron 2010).

The commons can also be reinstated by enlightened state policies and laws that
may empower people to democratically exercise their customary rights. The new
Forest People’s Rights Act (FRA) of 2006 is a brilliant instance of enlightened leg-
islation’. For the first time in history of India’s forest governance, the FRA recog-
nizes, at least on paper, indigenous forest people’s rights, which include nistari
(community forests), minor forest produce, fish and other aquatic products, grazing
land, traditional seasonal resource access for nomadic or pastoralist communities,
community intellectual property rights, and traditional knowledge pertaining to bio-
diversity and cultural diversity. After the passage of the FRA, many villagers in
north Bengal re-invoked their right to manage their own forests, and started exercis-
ing governance control over forests. In Coochbehar and Kurseong Forest Divisions,
gram sabhas (village councils) stopped the Forest Department’s felling activities. In
May and June 2008 the villagers at Chilapata forest area of Coochbehar Forest
Division, and the villages of Kurseong Forest Division blockaded the FD’s timber
depots at various places, demanding proper implementation of the FRA. The villag-
ers also stopped all forestry activities by the forest department without permission
from the gram sabha (Banerjee et al. 2010).

4 Value Perceptions of Forest Users and Non-users

No matter how economists value the forest goods and services, people have always
valued the forest as a resource to meet the various needs of livelihoods and luxuries.
To everyone, including forest villagers, the direct use value (like timber and NTFP)
is all too obvious, and the value perceptions of the academic valuer and of the woman
who gathers NTFP for sale on market are no different. Their value perceptions begin

°In July 2004, India’s Ministry of Environment and Forests, in an affidavit filed at the Supreme
Court, admitted:

“That, for most areas in India, especially the tribal areas, record of rights did not exist due
to which rights of the tribals could not be settled during the process of consolidation of
forests in the country. Therefore, the rural people, especially tribals who have been living in
the forests since time immemorial, were deprived of their traditional rights and livelihood
and, consequently, these tribals have become encroachers in the eyes of law. That these
guidelines, dated 5 February 2004, are based on the recognition that the historical injustice
done to the tribal forest dwellers through non-recognition of their traditional rights must be
finally rectified.... Further, that because of the absence of legal recognition of their tradi-
tional rights, the adjoining forests have become ‘open access’ resource as such for the
dispossessed tribals, leading to forest degradation in a classic manifestation of the tragedy
of commons” (cited in Blaikie and Springate-Baginski, 2007: 77-78). With this background
recognition of forest people’s rights, the new FRA was passed in 2006.
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Table 2 Diversity of forest biota and their use by forest-fringe villagers of west Bengal

Plants Animals
Type of Use Angiosperms Ferns Fungi Invertebrates Vertebrates
Food 25 1 13 2 14
Fodder 5
Fuelwood 32
Household articles 6
Construction 8
Medicinals 46 1 2 1
Decorative/Ornamental 3 1
Religious/Ritual 5
Commercial 27
Total No. of Spp. in Use 98 2 13 4 14

Data adopted from Malhotra et al. (1992)

to diverge for the forest goods and services that are not sold on market. Nevertheless,
it is not difficult to find forest villagers who can articulate their cognizance of the
indirect use values. Although no forest flower is sold on the local market, most villagers
in our surveys can estimate, when asked, some “opportunity costs” of the wild
flowers and leaves, which they use in religious ceremonies and cultural festivals.
Villagers who have witnessed disappearance of streams after deforestation are
partly, or inchoately aware of the hydrological service of the forest, although they
may not tell the money value of that service. Owing to the spread of environmental
awareness, villagers also recount the value of the forest as source of oxygen and
“purifier of air”. Many also value the forest as a place of beauty, an important place
of cultural performances, social gatherings, picnicking and pastime. Clearly, there
are overlaps in consumptive and non-consumptive use value perceptions. We attempt
here to discuss the expressions of these value perceptions under separate rubrics.

4.1 The Consumptive User’s Perception

To all forest users, the value of the forest is primarily determined by its use value, or
what Millennium Ecosystem Assessment (2005) labels as ‘provisioning services’,
which in essence are the goods from the forest (Table 2). The forest goods and their
uses listed in Table 2 are neither exhaustive nor typical of the goods and services
from the forest. Forest biota has different spectra of uses in different ethnic com-
munities and cultures, because the region-specific biodiversity shapes the material
culture of a society. For example, Combretum decandrum vines are harvested from the
forest in southwest Bengal for making termite-resistant baskets, which are not used
in other parts of the same State. The tassar (Bombyx mori) pupae and leaf stitching
ants (Oecophylla smaragdyna) from the forest are distinctive items of food in the
local tribal food culture (Malhotra et al. 1992), but are not consumed in other districts.
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Similarly, people in this area harvest numerous plants for different medicinal uses,
which may be unknown in other parts of the country.

In most cases, the gathering of most items of NTFP from the forest is unre-
stricted both by law and custom. Nevertheless, individual gatherers tend to observe
certain cultural restraints on profligate harvest during their regular gathering expedi-
tions. Thus, women from forest villages in southwest Bengal collect just enough
mushrooms to fulfill their daily requirement (Deb and Malhotra 2001). These cus-
tomary ‘harvesting quotas’ generally serve to keep the bioresources available over
long time horizons. Harvesting quotas do not exceed the quantity needed to fulfill
the average household needs, and so are maintained by peer pressure, self-control
ethics and community norms. While the individual’s actual behavior can and does
deviate from the ideal and the ethical, the community norms inhibit entirely selfish
behaviour in indigenous societies (Burke 2001; Gurven 2004).

Harvesting quotas however disappear in commercial gathering expeditions,
where profit maximization in the shortest time is the objective, not long term fulfill-
ment of subsistence needs. When resources are transformed from common property
to a market commodity, their non-commercial characteristics are ignored in the
accounting of costs and benefits to the users. “As long as their uses are entirely com-
mercial and designed for the accumulation of capital, there is no mechanism for
conservation” (Marchak 1989: 20). Unregulated depletion of the resource is inevi-
table when there is a drive for quick extraction of profit, because that is economi-
cally rational. The low level of extraction required to ensure sustainable harvesting
of wild populations of American ginseng (Panax quinquefolium) and wild leeks
(Allium triccocum) in Canada (Nantel et al. 1996) and amla (Phyllanthus emblica)
fruit in India (Shankar et al. 1996) suggests that “at current prices, sustainable
harvest levels for these species are not an economic proposition for commercial
gatherers” (SCBD 2001: 15).

4.2 The Non-consumptive User’s Perception

The forest has a plethora of goods and services to humans, but many people make
no use of the forest. Fuelwood from the forest is the most important and common
necessity for all forest-fringe village households, but families with livestock and a
sizeable home garden can meet their daily need of fuel from their farm residues,
brushwood from within the village, and cow dung. While it would be impossible to
find a person in any forest-fringe village who has never made at least an indirect use
of the forest, an urban elite may make no use of the forest (barring the global eco-
system services of the forest, such as carbon sequestration). To the villager who
lives too far from a forest to make a trip, the forest appears to be an esoteric entity
that exists only in her imagination. She may, nevertheless, consider the forest as a
nice place for some future use, such as a prospective pleasure trip. Table 3 gives a
working list of reasons why individuals living far from the forest area long to visit
the forest.
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Table 3 Why people from a non-forest habitat want to visit a forest

Category of use Reason for visit to a forest

Aesthetic/Inspirational Feel Nature/Relate with Mother Nature

Aesthetic Pleasure trip/picnic

Aesthetic Enjoy nature/see old trees/flowers

Intellectual Gather knowledge about forest

Intellectual View rare/interesting animals/plants

Intellectual Match imagined forest with a real forest

Ethical See a metaphor of life/world

Ethical/educational See a place of equality/beauty/tranquility

Intellectual/educational Understand ecological principles/science of life

Spiritual Find solace/peace of mind

Spiritual Communicate with a deity/personal God

Religious Fulfill a vow to a divinity

Intellectual Share experience of a forest with others

Political Win others’ admiration/appreciation of the experience
of wilderness

Health Breathe pure air/Detoxify oneself

Religious (In case of a sacred site) Pilgrimage

4.3 The Non-user’s Perception

Sacred groves are a paramount example of a forested area maintained and valued for
its non-use value as well as non-consumptive use value. The conferment of a reli-
gious value to a species or an ecosystem, regardless of its consumptive end-uses,
seems to be a symbolic recognition by local cultures of its “existence value”. In
most indigenous cultures, norms against callous or cruel conduct toward animals
and excessive and gratuitous exploitation of plant resources are often motivated by
“sentiments of affinity”, and are unrelated to a calculated empiricism (Kellert 1996:
151). The sacred karam tree (Adina cordifolia), and the shrub manasa (Euphorbia
neriifolia) that have no direct use values, were nevertheless deified in various local
cultures in eastern India. Similarly, a pond at Chhandar village in Bankura district,
West Bengal, is not used by villagers for bathing, washing, fishing or any purposes,
and yet is held sacred for over 600 years (Deb and Malhotra 2001; Deb 2008a). The
concept of sacred in local cultures thus implies a recognition of the existence value
of living objects, over and above their use values, and a moral attitude towards
nature in general. This attitude is what Fromm (1973) calls biophilia — an innate
love and respect for life and creatures. Biophilia tends to be reflected in the entire
belief system of indigenous societies. Furthermore, “Biophilous ethics have their
own principles of good and evil. Good is all that serves life; evil is all that serves
death. Good is reverence for life, all that enhances life, growth, unfolding. Evil is all
that stifles life, narrows it down, cuts it into pieces.” (Fromm 1973: 365-6). Good
and evil omens may thus assume special semiotic significance with respect to bio-
philia. For example, the Santal consider as good omens the sighting of footprints of
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Fig. 2 The conservation implications of the indigenous bioethics (after Deb 2009)

cattle, tiger and of leopard during a marriage ceremony. Likewise, the sighting of
cattle, fox, and mango are auspicious signs to the Munda. Ill omens, for the Santal,
include the sight of a headload of fuelwood, for the Munda, that of felling of a tree,
and in Hindu folk culture, include the sighting of a hunted turtle, and of cut fuel-
wood (Deb and Malhotra 2001) — signs that are carefully noticed during the rites of
passage. These omens, and related auguries are an expression of the underlying
belief that the existence of a variety of life forms, regardless of their utility, around
people is a sign for “good living”, whereas the acts of destruction of life are consid-
ered as bad for human life. A consequence of biophilia is in sifu conservation of
diverse species and their habitats (Fig. 2).

Biophilia is an ethical dimension of the recognition of the existence value of life
forms in indigenous societies. Many indigenous cultures tend to ensure the very
existence of trees and animals, although they may have no practical use. The recog-
nition of the existence value is an outcome of a combination of ethical and philo-
sophical obligation of a group of people to objects and places, not an expectation of
benefits, and therefore cannot be assigned an instrumental value in the manner of a
typical item of consumption. The idea of existence value, as Sagoff (2004: 46)
argues, “depends on deeply held moral convictions and religious beliefs that under-
lie social policy”. And because “beliefs are not benefits” (Sagoff 2004: 47), the
benefit to society of behaving according to a belief system or moral judgment
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cannot be assigned a price tag. Economists have recently employed new sophisti-
cated concepts like abstract benefits from carbon sequestration services and other
global environmental services in forest valuation exercises, but these concepts are
unknown to the indigenous societies, whose biophilous ethic protects their sacred
trees, sacred groves and ponds, even when they make use of none of them.

Moreover, people have a tacit understanding of the bequest value of the forest
upon which they depend for livelihood. Thus, the head of a forest protection
committee of Khandkelgaon village of Odisha believes that even if the villagers do
not need to gather anything from a given patch of forest (assuming that all their
material needs are fulfilled from other parts of the forest), he would still want to
protect it, so that “posterity would benefit from its services” (personal interview
with Prem Bhoi, at Khandkelgaon, Saintala, on 6 May 2012). Such statements indi-
cate the awareness of the ecosystem people about both the option value and bequest
value of the forest.

4.4 The Victims’ Perception

The existence of the forest itself may appear undesirable, if it threatens a person’s
or a household’s security of life and/or livelihood. Crop losses, personal injuries
and loss of life from attacks of wild animals are a common experience of ecosystem
people living in forest-fringe villages. Furthermore, living in or visiting a forest may
expose humans to the vectors of many serious diseases (e.g. Lyme disease in USA,
malaria and Kysanur forest disease in India, sleeping sickness in sub-Saharan
Africa, Legionnaires’ disease in Europe). These maladies and risks constitute the
“negative services” of the forest, or simply “disservices” which are hardly men-
tioned in valuation literature (Lelé et al. 2013). Death tolls from attacks of man-
eating tigers in the mangrove islands of Sunderban, or that of rogue elephants in
West Medinipur forest villages are often followed by bureaucratic harassments to
families of the “wildlife victims”. Many relatives of the victims of snake bites, wild
bee attacks, and diseases contracted from forest visits often portray the forest as
the abode of evils, or Evil itself, and want the forest to be cleared, or at least purged
of all dangerous creatures.

We interviewed several survivors from wildlife attacks, to inquire into their
experiences in retrospect, and asked if they were hostile to the forest. The interviews
were formally structured but informally conducted, spanned 5 years, in five differ-
ent forest areas of West Bengal, and were originally meant for a participatory study
of human-wildlife conflicts in forest-fringe villages. Table 4 summarizes the
responses to the interviews. Our limited sample size notwithstanding, only one
person expressed his abhorrence to the forest and regretted having to spend his life
in proximity to the forest. All others were rather stoic and recounted the attacks as
“misfortunes” that should be anticipated for anyone entering the forest. The general
opinion of most of the survivors was: “The forest is the habitat of wild animals, and
it’s the people who are intruders, so people must be responsible for their actions.”
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A Sunderban mouli (honey hunter) who survived a tiger attack inside the tiger
reserve, recounted after 3 weeks of intensive hospital care: “One of our team mem-
bers must have defiled the habitat in some way, so the tiger came to punish us.” The
general Indian religious attitude of viewing most misfortunes as divinely ordained
is reflected in the responses of a significant proportion (12 %) of wildlife victims.
About 13 % of the survivors saw their own fault in their horrid experiences — either
they had not known the tactics to avoid the encounter with the animal, or intruded
into the territory or the path of movement of the animal. Two out of seven scorpion
victims and one-fifth of the snake victims thought their intrusion into the animals’
path of movement evoked the defensive attack from the animal. Amongst the five
tiger victims, one considered the incident was provoked by the men’s entry into the
predator’s territory.

Most of the wildlife victims felt the existence of ‘culprit’ animals were undesir-
able. In particular, crocodile victims in the Sunderban villages believed that the
forest department was unnecessarily maintaining the crocodiles, threatening the
fishers’ lives and livelihood. The victims’ total abhorrence of venomous snakes
seems to reflect the general attitude of people towards snakes, and linked to the
widespread herpetophobia. However, about a quarter of the victims interviewed in
our study considered the ‘culprit’ animals should exist (last column in Table 4),
notwithstanding mortal risks to human life. This remarkable tolerant attitude seems
to be shaped by certain cultural factors. For instance, a majority (ca. 40 %) of the
elephant victims considered the elephants’ should not disappear, because people in
south-western districts of West Bengal identify the elephant as an embodiment of a
benevolent deity. Furthermore, many people show fondness of the animal, owing to
its mythical charm and intelligence. Two out of three tiger victims also considered
tigers should exist, because the tiger is the associate of the forest goddess Ban-bibi
of the Sunderban.

Knowledge of certain animals’ ecological functions is also important in shaping
people’s tolerant attitude toward the animals, despite the risks to human life. A few
victims of bee and wasp attacks were aware of the pollination service of the insects,
and in spite of their near-death experience, wanted them to exist.!”” In contrast,
ecological services and functions of crocodiles and scorpions were unknown to the
population under study, and therefore all the victim survivors wanted the ‘culprit’
species to disappear from the area.

Regardless of people’s fear or abhorrence of dangerous animals from the forest,
none of the victims wanted to do away with the forest. All the wildlife victims
reported their horrid encounters with the animals inside the forest, and all of them
knew the forest was the habitat of all the ‘culprit’ species. Nevertheless, none of the
victims had any qualms about the forest’s existence. A majority (71 %) of the vic-
tims took the painful experiences in their stride as “accidents”, which did not distort
their overall perception of the forest’s value, although they recognized the forest

"My own grief for the death of a thousand bees who stung me to anaphylaxis on January 1, 2011
was shaped by my knowledge of the bees’ ecological services and functions, in addition to my
knowledge of their fascinating eusociality and semiobiology.
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as the habitat of dangerous animals. The forest was not only the basis of their eco-
nomic existence, but also a pivot of their cultural life (see previous sections), and
their permanent address. This point was most poignantly stated by Bishnupada
Mandal of Satjelia, to explain why he had not considered relocating from the
Sunderban even after his father’s violent death from a tiger’s attack: “One doesn’t
abandon his house after his father dies in the house” (personal interview on 22
August 1994 at WWF-India Eastern Region office, Kolkata). Like the survivors,
their relatives also felt no particular animosity to the forest. Although they learned
to take more caution to encounter forest animals, the forest per se was not perceived
as a horrific object to them.

5 The Value of ‘Non-forest’ Vegetation

All over India, trees outside forests make a major contribution to vegetation cover.
An estimated 2.68 billion trees outside forests contribute an equivalent additional
area of 9.99 Mha, contributing to about 13 % of the country’s total area under tree
cover (FSI 2003). Stands of vegetation constitute important elements of the rural
landscape, which seems to portray the traditional Indian context for living.
Especially in the remote regions that are not yet modernized through industrial and
urban development, the typical village landscape (see Fig. 4) includes houses
surrounded by diverse trees, interspersed by ponds surrounded by palm trees, and
at least a small sacred grove, containing old-growth trees. Home gardens are another
considerable hotspot of tree diversity, which contribute substantially to the house-
hold economy. Tropical home gardens are by definition polycultures (cultivation of
multiple crops and fruit trees on the same farm plot), with high species diversity
valued for its consistent productive utility and convenience (Mazarolli 2011).
Indigenous people always tend to plant trees that have direct economic uses —
for food, fodder, materials for implements and household articles, and for medic-
inal and ornamental purposes — on the homestead land and village commons.
Fruit trees and trees for timber are most common in home gardens, but sacred
trees, of no direct economic use, are also planted in conformity with local customs.
A typical village with 200 households may contain 200—1,000 mature woody trees per
square kilometers, planted on roadsides, homestead lands and pond margins.
Our study conducted in three forest-fringe villages (Bhagabandh, Arjunpur and
Baghmara), and two villages (Garia and Ahmedpur) with no adjacent forest, in West
Bengal, reveals that neither the species richness (S) nor density (d) of woody trees
(GBH>10 cm) in the village landscape is significantly related to the proximity to
forest. The S, d, and Hill's index of diversity (™) show wide variations in the region
(Table 5), and the difference in both S and d, between the villages with presence and
in absence of adjacent forest, are not significant (p>0.20). The vegetation profiles
show that planted diversity of woody trees in home gardens and pond margins is
considerably rich, while that of the roadside plantations is comparatively less (Fig. 3).
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Table 5 Species count (S), density (No. km™) and hill’s species diversity (") of woody trees in
five villages of West Bengal, compared to adjacent forest tracts

Home- Pond Road- Sacred Village No. of
stead margins side Grove total spp. not
found
District  Village S S S S S No./km 2 Exp(H’) in Forest
Bankura Bhagabandh 29 27 24 15 43 552 26.9 11
Arjunpur 36 33 30 8 50 883 16.6 12
Puruliya Baghmara 29 27 27 12 47 626 24.7 8
Birbhum Garia 38 7 26 9 44 1,289 16.7 -
Hugli Ahmedpur 21 9 10 2 28 202 17.6 -
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Fig. 3 Mean tree species distribution in five villages of West Bengal

The explicit purpose of the plantations is to meet household needs for fruits
(mango, jackfruit, Aegle marmelos, Moringa oleifera), cattle fodder (leaves of jack-
fruit, Feronia limonia, Syzygium cumini), fuel (leaves of Acacia auriculiformes,
twigs of A. nilotica), medicinals (Azadirachta indica, Aegle marmelos), wood for
construction (Syzygium cumini, Holoptelea integrifolia, Alangium lamarckii,
Gmelina arborea) and household articles such as mats and baskets (leaves of
Borassus flabolifer, Phoenix acaulis). However, a small fraction of this husbanded
biodiversity has no economic use whatsoever. In addition to the ornamental (Delonyx
regia, Nyctanthes arbor-tristis) and sacred species (Ficus religiosa, Adina
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cordifolia), for which these indirect services can be obtained, there are a few species
that are planted purely for their existence value. While economists can surmise
some indirect use value for such trees, including carbon sequestration, albedo reduc-
tion, biodiversity enrichment, etc., villagers are not aware of these global ecological
services while planting them. Rather, the existence value and bequest value of the
trees with no uses are prominent. In our survey of four districts (Table 5), at least
three species (Crateva nurvala, Oroxylon indica and Streblus asper) have no eco-
nomic use, including ornamental or religious use, yet are frequently maintained on
roadsides, pond margins, and even on homestead lands. This testifies to the fact that
people in these villages tend to plant or nurture many trees regardless of their direct
or indirect uses, because people like to see the existence of diverse trees in their
surroundings.

Much of the diversity of tree species in the village landscape owes its existence
to plantings by villagers, but a largely natural floral diversity is customarily main-
tained in village sacred groves. In remote rural areas of most Indian states, sacred
groves are an important feature of the rural landscape, and exist as remnants of
ancient forest patches, consecrated to a local deity or ancestral spirit. Extraction of
any living matter from the sacred groves (SG) premises is generally prohibited,
although there are some locale-specific exceptions to this rule. The entire village
community usually observes the rules of protection of the SG, whose physical
boundaries are customarily demarcated. In southwestern districts of West Bengal
and southern Jharkhand, every village has at least one SG, each maintained by an
ethnic community (Figs. 4c and 5).

The most remarkable characteristic of the SGs is that the constituent flora and
fauna are protected, regardless of their economic use value. SGs may contain some
sacred trees (e.g. Ficus religiosa, Adina cordifolia, Aegle marmelos) or sacred
animals (e.g. Hanuman langur, bats or storks), which in many indigenous societies
are protected both inside and outside SG premises. However, in some SGs, all the
constituent plants and animals, regardless of their “sacred” status, are protected by
generations of the local ethnic community. Thus, the institution of SG seems to
testify that indigenous societies tend to sanctify and protect the entire habitat for its
ecosystem value, rather than for the economic value of its constituent species.

A consequence of the conservation of the SG habitat is that a considerable num-
ber of rare plants and animals have been protected from extinction. Many rare and
endangered biota have disappeared from the entire region, including the forest
under state management, but persist in a few SGs (Malhotra et al. 2007). Such point
endemism is demonstrated in a number of SGs in India; for instance, a SG in Kerala
is the last habitat of the endemic liana Kunstleria keralensis (Mohanan and Nair
1981); the endemic frogs Philautus sanctisilvaticus and Leptolalax khasiorum were
discovered from single SGs in Madhya Pradesh (Das and Chanda 1997) and
Meghalaya (Das et al. 2010), respectively.

A comparative floristic survey in SGs and protected forests in West Bengal
reveals that the SG relics are the last bastions of at least ten rare tree species, none
of which are found outside the SGs (Table 6). These ten species have no direct
economic use value, nevertheless are protected within the SGs. The indigenous
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s

Fig. 4 (a) Trees and shrubs planted around a house beside the owner’s farm, in Rayagada district,
Odisha. (b) View of a tribal hut in Balangir district, Odisha. A live tree is used as a component of
the fence. (¢) A typical sacred grove in Bankura district, West Bengal with an image of deity and
votives. (d) Vegetation in a village in Koraput district, Odisha

conservation ethic is illustrated in two fragmented sacred groves in Bankura
district, which contain presumably the last adult specimens of Vitex glabrata R. Br.
in West Bengal (Deb 2008a). Extensive search for a third specimen of this species
in four adjoining States of eastern India and in Bangladesh has so far proved futile,
indicating that the species metapopulation has collapsed in its prior natural habitat
range due to agricultural extension, urbanization and industrialization. Similarly,
there are no more than four adult specimens of the sitapatra tree (Premna sp.)
within the 500 km? area surveyed, two of which occur in two derelict SGs of West
Medinipur district. Based on the IUCN (2001) criteria of extremely narrow extent
of occurrence, highly fragmented habitats, and the precariously small number of
mature individuals, these species may be declared as Critically Endangered species
in eastern India.

Rare and endangered trees recorded in this study include Tamilnadia uliginosa
(Retz.) Tirveng. & Sastre, Suregada multiflora (Juss) Baill. and Cordia myxa Linn.
These species, like Vitex glabrata R. Br., do not occur in the forest tracts of the
districts surveyed for this study, and do not occur in any greater density than
1/100 km? in the study area. Clearly, these “inferior species” were exterminated by
the State Forest Department’s silvicultural practices. Standard literature of Indian
flora (Prain 1903; Parkinson 1923) and herbarial records, preserved at J C Bose
Botanic Garden, Shibpur, India and at the Royal Botanic Garden, Kew, UK indicate
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Fig. 5 A pristine sacred pond, adjacent to an ancient sacred grove in Chilapata, West Bengal

Table 6 Distribution of threatened plants in West Bengal

Occurrence® in

Species SG  Forest LOC IND AOO Inferred status®
Ternanthera monopetala Yes  Yes <300 <1,000 <20km?> R
Crateva nurvala Yes  Yes <200 <800 <10km?> EN
Morinda angustifolia Yes  Yes <200 <800 <10km?> EN
Tamilnadia uliginosa Yes No <200 <200 <10km?> EN
Ventilago madras-patana ~ Yes  Yes <150 <200 <10km?> EN
Cordia myxa Yes No <100 <100 <5 km? EN
Suregada multiflora Yes No 18 23 < 1km? EN
Sitapatra (Premna sp.) Yes  Yes 4 4 <25 m? CR
Ficus krishnii Yes No 4 4 <25m? CR
Vitex glabrata Yes No 2 2 <10 m? CR

Keys: @ Within the extent of 500 km? surveyed. AOO Area of occupancy, LOC No. of sites of
occurrence, IND No. of mature individuals. Categories inferred following IUCN (2001)

b For the critically endangered species, we followed the IUCN Ceriteria (Version 3.1):

Bla. Severely fragmented; and

B2. Area of occupancy < 10 km?; and

B2a. Severely fragmented populations; and

B2b. Continuing decline, observed, inferred or projected, in (i) extent of occurrence, (ii) area
of occupancy, (iii) number of locations or subpopulations, (iv) number of mature individuals; and
C. <250 mature individuals
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that these species were once widely distributed in eastern India, Bangladesh, and
South East Asia about 100 years ago.!!

Taken together, the composite vegetations grown and maintained in these
villages, outside the formally recognized forest are apt to be called “folk forest” —
comprising a rich biodiversity. Several tree species that have become rare, and at
least locally endangered, exist in the folk forests, including the sacred groves.
Conservation of rare taxa is an incidental consequence of the customary plantation
and maintenance of vegetation by the villagers, regardless of the use values of
the trees.

6 Concluding Discussion

All economic valuation of forest ecosystem goods and services are fated to be
incomplete, even inappropriate, because the entire discourse of resource economics
centers on the utilitarian, instrumental view derived from the ubiquity of market
forces and utility-maximizing motives of homo oeconomicus. Such economic
assumptions underlying the economic valuation methodologies “lack scientific vali-
dation of human behavior and subsequent decision-making processes of ecosystem
management” (Kumar and Kumar 2008: 818). The economist’s concern with the
instrumental value of positional goods ignores the world of human cognitive and
cultural complexity behind appreciation of the relational value of natural entities
and their cultural meanings that transcend market and utilitarian considerations
(Sagoff 2004; Tisdell 2005; Kumar and Kumar 2008). For this reason, the value
perceptions and valuation languages of the ecosystem people differ from those
of the economist.

Ecosystem people of course value the forest as a resource for its economic use
value — the many kinds of forest goods and services derived from the forest, but they
also value the forest for its non-use value — not as a resource but as an asset of
nature, and for its various cultural meanings. However, the perception of this value
is distorted under the modern economic arrangement of monetary values — a price
tag, which captures only a fraction of its uses while concealing a legion of others. It
is truism that the value of a forest is more than the sum total of the worth of all its
component trees, but it is not always obvious that the market price of a ‘valuable’
tree does not capture the value of all its goods and services. The price of a tree log
captures only its value on timber market, but omits the value of its fruits (as food to
humans and/or other animals) and that of leaves (as organs to fix carbon), which
were sacrificed when the tree was logged. This is because firstly, goods and services
that are not directly consumed are difficult to value, and secondly, when a thing is
placed on the market, its exchange value becomes non-additive — it only estimates

"Once widely distributed in India, Bangladesh and South East Asia, V. glabrata has now become
rare in eastern India, and is nearly extinct in Thailand due to its over-extraction from the wild for
its use in traditional Thai medicine (Chamnipa et al. 2012).
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the value of that particular utility, to the exclusion of all other use values. Non-
consumptive use value and non-use value of the forest therefore have appeared in
the mainstream economic literature only recently, although attempts at assessment
of these values are fraught with great uncertainty.

In contrast, non-market values of the forest as well as individual trees are
acknowledged in pre-capitalist economies of contemporary hunter-gatherer and
agrarian societies. These societies have, or used to have, various cultural mecha-
nisms to appreciate non-use values, which are reflected along metaphorical corri-
dors of the indigenous Weltanscauung — namely, sanctification of certain trees and
groves, taboos prohibiting profligate resource use, and omens and auguries high-
lighting the significance of the existence value of biota (Fig. 2).

The notion that a thing is not valuable if it is not useful, took shape with the emer-
gence in Europe of capitalism, which equated development of civilization with the
advent of market that treated all natural objects as commodities. This had far-reaching
implications for the perception of the value of forest in India and other colonies.
Insofar as the forest was not “productive” of revenue or marketable goods, the politi-
cal economy of development used to define it as “wastelands”, and sought to
“develop” it by agriculture and other “civilized” forms of economy. However, the
economy of development before long discovered value in the forest as a resource, as
soon as the forest provided materials for railways and shipbuilding. This discovery of
value entailed enclosure of the valued asset. In the process, native ecosystem people
and their perception of the value of forest were extirpated and pushed into oblivion.

However, as the value of forest was largely determined by the prime mover of
development — private profit, whenever alternative means of generating more profit
are discovered, the forest — or any other ‘natural capital’ — is disposed of. Thus,
assured profits from aluminium mines, oil wells, and cement factories as a rule
necessitate forest clearing, and entail de-regulation of the forest to circumvent the
state’s conservation objectives and mandates. The motive of maximizing profits still
propels the economies of both ex-empires and ex-colonies, which continue with the
land use policy of fostering industrial development. In modern India, large tracts of
forest have been sacrificed, and national parks have been ‘denotified’ — to make way
for factories and mines, and forest products are supplied with massive subsidies to
industry — to safeguard the ‘national interest’ of industrial growth. Concomitantly,
customary user rights are abrogated to give land titles to entrepreneurs and corpora-
tions who want to work and develop ‘unproductive’ forests. This legalizes a system
of disenfranchising the traditional user community, who consequently lose all inter-
ests to conserve them, not least because their inter-generational right to use the
resource is abrogated. The local user community that is divested of right to use the
enclosed forest is apt to perceive the commons as an open access resource at best
(Ostrom 2005), or now the enemy’s property at worst (Deb 2008b). The result has
been decimation of the resource, either by rapid resource extraction for individual
profit, or gratuitous plunder, as a token of protest by the traditional user community.

It transpires that the forest, divorced from the traditional community of users,
and managed by a statutory authority, whether for industry and commerce or even
for well intended pure conservation aims, tends to lose all non-consumptive use and
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non-use values, but instead acquires an overriding instrumental value based on the
crude market value of its goods (or provisioning services, sensu MEA [2005]).
Thus, forest villagers who have no rights over the extraction of valuable forest
goods tend to be profligate with the extraction of the resource. Combined with the
market inroads, the insidious intrusion of non-tribal cultural mores is steadily
replacing the local dialects, altering food and dressing habits, changing belief sys-
tems, modes of resource governance and livelihood, and “has led to a serious decline
of the very same mores and norms that symbolized the adivasi spirit of intrinsic
regard for harmony and celebration of life processes” (Narendra 2009: 5). Today,
the adivasi societies demand the return of their forests, not necessarily for their
cultural value, as in the past, but in order to harvest them for commerce, often in a
profligate manner. They tend to extract forest goods for sale on market for quick
money, and remove the trees that have no commercial value (personal obsv.). The
industry-bureaucracy clique often abets this vicious scrambling for the forest
resource, and takes advantage of the popular movements to plunder the forest. The
individual’s pursuit of profit, at the expense of the public good and quality of life, is
encouraged by “liberalism’s minimalist state and the ability of individuals to amass
great quantities of property or capital” (Shutkin 2000: 42).

In contrast, when a community of local users manages the forest as a true com-
mons, members of the community tend to observe certain tacit rules that ultimately
serve to prohibit exhaustion and gratuitous destruction of the resource (Ostrom
2005, 2009). A plethora of studies show that the users of the commons make con-
siderable investments in “designing and implementing costly governance systems to
increase the likelihood of sustaining them” (Ostrom 2009: 210). Such governance
systems foster self-regulation among individual users, which is motivated by altruistic
moral preferences that are reciprocal, and tend to be stronger with socioeconomic
proximity between citizens (Baron 2010). The socioeconomic distance between
members of the community is reduced when they participate in managing the commons
with a “shared vision of good life” (Bernard and Young 1997: 205). All stories of
successful management of the forest commons, where individual restraint is invoked
for common good, are stories of a shared vision of the community.

This shared vision is an outcome of shared history and cultural identity, which
characterizes indigenous ecosystem people, who consider the forest as a sine qua
non of their material wellbeing and cultural life. Forest tribes such as the Warlis
believe that once the forests go, their cultures will go as well. To the Warlis, the forest
is the means in the present through which they can transmit the collective wisdom
of their ancestors and their culture to the future, the new generation born and unborn
(Prabhu 2003: 77). Like the Menominee of Wisconsin (see Box 1), the Kondh of
Odisha proclaim, “Our forests are our history and our culture (amor jangalo, amaro
itihas ote avom a thi amoro sanskriti)” (cited in Kapoor 2007: 23).

This organic, cultural link of the indigenous user community to the forest is
destroyed when the ownership and customary right of governance of the forest are
wrested from the community’s hands. There is ample empirical evidence to indicate
that both private or state ownership of resources invariably leads to the collapse of
the commons, and that resources are best conserved so long as their management is
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in the common ownership of the user community (Bernard and Young 1997; Shutkin
2000; Ostrom 2005; Deb 2007a, 2009). Indeed, revival of traditional community
forest management systems has in several instances rescued the forest from destruc-
tion. To cite a few, the Kollaba in the Indian State of Karnataka revived their tradi-
tion of community forest management (CFM) in the 1920s, in response to the forest
destruction under management of the state forest department; the Mizo tribe in
Mizoram reinstated in 1990 their tradition of community-managed “safety forest”
to recuperate their forests (Deb 2009); more recently, self-initiated CFM in Odisha
have regenerated and restocked degraded forests (Conroy et al. 2002). In all these
cases, the forest people’s perception of the value of forest transcended the instru-
mental value of the forest goods, and incorporated the intrinsic value of, and restored
cultural links to, the forest. It is not too late to reorient national forest policies and
state management systems, in tune with the robust lesson from history, that the for-
est must be liberated from statutory enclosures, and brought back to its ‘commons’
status, in order to ensure its conservation by the people, for the people.
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Global Trends and Outlook for Forest
Resources

Adrian Whiteman

Abstract With a growing population, the demands placed on the World’s forest
resources are likely to continue to expand. This presents forest owners and managers
with many challenges although, as this chapter suggests, some trends in the future
may benefit forests and forestry.

This chapter starts by describing some recent trends in forest resources, such as
trends in forest area and characteristics, forest management and use. It shows that
forests are now being managed more sustainably in many respects, but that progress
has been mixed in some regions and with respect to some indicators of sustainable
forest management. It also shows that forests are currently managed and used for
many diverse benefits and that the importance of these different benefits has
changed over time.

The chapter then explains how some of the main driving forces (population
trends, economic growth, government policies, etc.) have led to differences in forest
area, forest management and use in different parts of the World. In particular, this
focuses on how these forces have affected land-use change (i.e. forest conversion)
and demand for forest products and services, as well as how government policies
have attempted to change these demands.

The chapter concludes by describing what might happen to the driving forces in
the future and how this would affect forest resources and forest management. One
key message is that demographic trends (towards smaller and older rural popula-
tions) will significantly alter the processes leading to land-use change. The intensity
of forest management will also have to increase in the future to meet the expanding
demands for forest goods and services, but it is unclear how this can be done for
anything other than wood production. Finally, it describes how forestry policies and
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institutions might adapt to these changes if they are to meet the rising expectations
and continue to support sustainability in the sector.

1 Introduction

The management and use of forest resources varies greatly across the World,
depending on factors such as the amount and type of forests present in a country,
local social and economic circumstances, history, traditions and government policies
both within and outside the sector. Furthermore, forest management and use continue
to evolve over time in response to changes in these external factors as well as
changes in the characteristics of the resource.

Forest management is also complex because forests can produce such a wide
variety of goods and services. Many of these outputs can be produced simultane-
ously, but often there are also trade-offs between them, especially between the
commercial and non-market outputs from forests. While the demands for these outputs
varies between countries and over time, it is probably true to say that they are mostly
increasing, leading to ever more complicated and difficult decisions for forest
managers and policymakers wishing to satisfy these competing demands.

This chapter will focus on some of the social and economic dimensions of forest
management and use and describe how they have affected forest resources in the
past and may affect them in the future. This will include a discussion of how poli-
cies and extra-sectoral developments affect forests and forest management and, in
particular, a discussion of how forest management may adapt to changing circum-
stances in the future.

The chapter is divided into three sections examining the trends in forest man-
agement and use and the driving forces affecting forests, then concluding by
presenting a tentative outlook for the future. It will examine developments at the
global level, so the analysis will be broad and not necessarily apply to all coun-
tries. It will, however, examine differences between regions and groups of coun-
tries where that is useful.

2 Trends in Forest Management and Use

Since the mid-1980s, the Food and Agriculture Organization of the United Nations
(FAO) has been systematically collecting information about the trends and current status
of forest resources in every country in the World. Gradually, the amount of information
collected in each global Forest Resource Assessment (FRA) has expanded to cover
many different and diverse measures of the extent of forest resources, their characteristics
and information about how they are managed and used. The results of these assess-
ments (plus information from other sources) are presented below to highlight some of
the most significant changes in forests that have occurred since the 1980s.
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Table 1 Recent trends in forest area

Forest area (m ha) Change in forest area (%/yr)
Region 1990 2000 2010  1980-1990 1990-2000 2000-2010
Europe 989 998 1,005 0.0 0.1 0.1
North America 677 677 679 0.0 0.0 0.0
Africa 749 709 674 0.7 -0.6 -0.5
Asia-Pacific 775 769 784 0.3 0.1 0.2
Latin America and Caribbean 978 933 891 -0.7 -0.5 -0.5
World 4,168 4,085 4,033 -04 -0.2 -0.1

Source: FAO (1995, 2010a)
Note: The 1980-1990 change in forest area is calculated using slightly different definitions to the
later figures. Mexico is included as part of North America

2.1 Forest Area and Characteristics

Table 1 shows recent trends in the area of forests at the global level and in each of
the five main regions of the World. At present, forests cover slightly more than 4
billion hectares (equal to 31 % of the global land area). An additional 1.1 billion
hectares (9 % of the land area) is classified as “other wooded land” (for details of
the definitions used in the FRA, see FAO 2007).

About 25 % of the global forest area is located in Europe (including the Russian
Federation) and another 22 % is in Latin America and the Caribbean. These two
regions also have the highest levels of forest cover (44 % and 48 % respectively).
The remaining area is divided roughly equally between North America (Canada,
Mexico and the United States of America), Africa and the Asia-Pacific region, but
these three regions have lower and quite different levels of forest cover (at 31 %,
22 % and 19 % respectively).

At the global level, forest area has declined over each of the last three decades,
but this decline appears to have slowed over the period. This is partly because levels
of deforestation have reduced in a number of countries, but it also reflects an expan-
sion of forest area (mostly due to afforestation) in other countries.

The changes in forest area in each of the five main regions are very different, but
all show that the trends are gradually improving. Forest area has declined in Africa
and Latin America and the Caribbean, but the loss of forest each decade has become
smaller. Conversely, forest area has increased slightly in Europe and North America
over the last three decades. The Asia-Pacific region is unique in that the change in
forest area has reversed from a loss in earlier decades to an increase in the period
2000-2010.

The FRA also asks countries about the area of forests in three different catego-
ries: primary forest; other naturally regenerated forest; and planted forest. The latter
two categories also each have a sub-category for the area where introduced species
predominate. These forest characteristics represent, in a simple way, the degree to
which forests have been altered by humans (e.g. no major indications of human
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Table 2 Forest characteristics in 2010

Other naturally

regenerated Not
Primary forest forest Planted forest specified
Region (mha) (%) (mha) (%) (m ha) (%) (m ha) Total
Europe 262 26 669 67 69 7 4 1,005
North America 275 41 366 54 38 6 0 679
Africa 48 7 437 65 15 2 174 674
Asia-Pacific 145 19 510 65 127 16 2 784
Latin America 629 71 199 22 15 2 48 891
and Caribbean
World 1,359 34 2,182 54 264 7 229 4,033

Source: FAO (2010a). See FAO (2007) for definitions of the different forest characteristics

activities in natural forest and, at the other end of the scale, trees established by
planting or deliberate seeding in planted forests).

Globally, just over half of the World’s forests fall into the middle category and
about a third of the area is classified as primary forest (see Table 2). Planted forests
amount to only about 7 % of the total and a similar amount is unclassified. At the
regional level, forest characteristics in Europe, North America and the Asia-Pacific
region are quite similar to the global average, although the Asia-Pacific region has
a relatively large area of planted forest and a small proportion of primary forest. In
Africa, most forest is in the middle category, indicating that very little primary for-
est remains and that there has also not been much investment in forest plantations.
By far the largest area of primary forest is located in Latin America and the
Caribbean (i.e. the Amazon Basin).

Historical figures for the area of primary and planted forests have also been pro-
vided by most countries and, from these, the area of other naturally regenerated
forest can be deduced. Changes in the area of each of these are shown in Table 3. As
this table confirms, the change in total forest area is a combination of changes
(mostly losses) in primary and other naturally regenerated forest and increases in
the area of planted forest. In particular, outside Europe and North America, the other
three regions show losses of primary forest that are higher than the global average.
The area of planted forest is increasing in all regions, with quite a high growth rate.
However, this only has a significant impact on the overall change in forest area in
the Asia-Pacific region, where planted forests are relatively important.

In addition to forest area, the quality or condition of forests is another impor-
tant dimension that should be examined when looking at trends in forest
resources. However, changes in this dimension (most commonly referred to as
“forest degradation” — i.e. for a negative change in condition) are very difficult to
define and measure. For example, Lanly (2003) noted a decade ago that many
studies of forest degradation have used imprecise and often subjective interpreta-
tions of the term that make it difficult to analyse trends and examine the causes
and effects of such changes.
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Table 3 Change in forest area (percent per year) by forest characteristics and region

Primary forest Other forest Planted forest ~ All forest

Region 90-00 00-10 90-00 00-10 90-00 00-10 90-00 00-10
Europe 07 -0.1 -0.2 0.1 1.0 0.6 0.1 0.1
North America 0.1 0.1 -02 -0.1 3.9 1.9 0.1 0.1
Africa -12 -10 -06 -0.6 1.1 1.8 -0.6 -0.6
Asia-Pacific -02 -05 -0.6 -0.1 2.0 2.8 -0.1 0.3
Latin America and Caribbean -0.5 -05 -05 -0.6 2.8 43 -0.5 -0.4
World -02 -03 -04 -02 1.9 2.1 -0.2 -0.1

Source: FAO (2010a)
Note: this data only covers countries reporting area of primary and planted forests over the whole
period

There have been a few global assessments of land degradation that have followed
rigorous scientific methodologies (e.g. Bai et al 2008) and these show where the
amount of vegetation has changed over time. However, they do not separate changes
in forest cover from changes in the condition of forests and they do not examine
other important aspects of forest degradation, such as losses of biodiversity, produc-
tivity and ecosystem functions.

The FRA does not collect data on forest degradation, but FAO has reviewed the
many existing definitions, measures and indicators (FAO 2011a), with a view to
collecting comparable data in the future. One partial indicator of the condition of
forest resources is the growing stock volume per hectare and some countries do
report their growing stock volume to the FRA as well as forest area (so this can be
calculated). However, in some cases, it appears that countries simply calculate
growing stock volume in each year as the forest area multiplied by a single figure
(i.e. their estimate of volume per hectare), rendering these figures useless for assess-
ing trends in forest stocking.

The countries that do seem to provide independent estimates of forest area and
growing stock are mostly temperate countries and in many of them growing stock
per hectare appears to be increasing. A similar trend since 1950 was also noted for
most European countries in first European Forest Sector Outlook Study (EFSOS)
published in 2005 (Gold 2003; UN 2005). Similarly reliable and comprehensive
information is not available for most tropical countries, but it is commonly thought
that forest degradation or a decline in volume per hectare is the most likely trend in
many of these countries.

2.2 Forest Management

Since the United Nations Conference on Environment and Development (UNCED)
in Rio de Janeiro in 1992, sustainable forest management (SFM) has been the aim
of forestry policymakers all over the World. SFM follows the broad principles of
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sustainable development, in that forests should be managed in a way that meets the
needs of the present without compromising the ability of future generations to meet
their needs. SFM is an extension of the much earlier concept of sustained yield
familiar to most foresters and first described 300 years ago in Germany (Grober
2007). However, it is concerned with sustaining the social, environmental and
economic values or outputs from forests rather than just timber yields (for one com-
monly accepted definition of SFM, see: MCPFE 1993).

To assess progress towards SFM, a number of different organisations have
developed methodologies (criteria and indicators) for measuring the multiple
values or outputs from forests. There are currently nine different international
processes working on criteria and indicators, with some of them working at the
national level while others are applied at the level of forest management units
(e.g. for forest certification).

At the national level, most of the World’s forests are now covered by one of the
three main sets of criteria and indicators (see Box 1). However, there are still
many challenges with respect to measuring sustainability in the sector, including
the following:

» Data quality: the quality and availability of data required to measure some of the
indicators is limited, particularly in terms of how recently data has been collected
(e.g. a lot of information about forest resources is collected in forest inventories
that may not be updated very frequently). Furthermore, some of the indicators
that appear to be most valid are also the ones where it seems to be most difficult
to obtain recent and reliable data.

* Measurement at the global and regional level: the three main national criteria
and indicator systems currently cover 90 countries, but this is still only about half
of the countries in the World. In particular, these systems cover very few small
island states and arid zone countries (e.g. in North Africa, the Near East, Central
Asia and South Asia) and a few significant countries, such as India and South
Africa, are not included under the three main systems. In addition, due to the
different indicators used in each system, many of the measures are not directly
comparable and can not be aggregated to give a regional or global assessment.

* Measurement validity: in a number of areas, criteria and indicators measure
inputs rather than outputs (e.g. the proportion of a country’s forest area covered
by management plans, the proportion of area managed for different purposes or
designated as protected areas). These indicators may be a good proxy for achieve-
ment in some cases, but some of them are quite subjective and may not reflect
real achievements in progress towards SFM on the ground. A related problem is
that it is not always clear whether an increase in some of the measures reflects an
improvement in performance or not. This is particularly the case with some of
the social indicators (where changes may occur due to external factors) and it is
somewhat ambiguous whether, say, an increase in collection of non-wood forest
products represents an improvement in social welfare. Similarly, the economic
indicators that measure the value of production may reflect changes in market
conditions much more than changes in the way that forests are managed.
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Box 1 Criteria and Indicators for Sustainable Forest Management

The three main systems for measuring progress towards SFM at the national
level are as follows:

* Criteria and indicators for the sustainable management of tropical
forests. These were developed by the International Tropical Timber
Organization (ITTO) and issued in 1992, with revisions in 1998 and 2005
(ITTO 2005). They cover all ITTO producer countries (most major pro-
ducers of forest products in the tropical zone). The indicators are used,
amongst other things, to produce periodic assessments of how much of the
permanent forest estate in the tropics is sustainably managed (ITTO 2011).

* Pan-European indicators for sustainable forest management. These
were developed by the Ministerial Conference on the Protection of Forests
in Europe (MCPFE — now renamed “Forest Europe™) and issued in 1994,
with a revision in 2002 (MCPFE 2002). They are used in 46 European
countries including Turkey and the Russian Federation (which is also
included in the Montréal Process). Reports are produced periodically
showing progress under each criterion and indicator for individual coun-
tries and European sub-regions (Forest Europe 2011).

* Montréal Process criteria and indicators for the conservation and sus-
tainable management of temperate and boreal forests. These were first
issued in 1995, with revisions in 2007 and 2009 (Montréal Process 2009).
They are used in 12 countries accounting for the majority of temperate and
boreal forests outside Europe.

Each system contains a number of criteria that describe different aspects of
sustainability in the economic, social or environmental dimension and, for
each criteria, one or more indicators. These indicators attempt to measure
performance of the forestry sector over time against each of the criteria.

e Aggregation and comparison across indicators: one final issue concerning the
utility of criteria and indicators is that they can not easily be aggregated to give
an overall measure of progress in a country.! Reflecting the fact that forests pro-
duce multiple outputs, they have been specifically designed to try to capture
progress in the different dimensions of SFM, but this makes it very difficult to
communicate the results to non-specialists. They also do little to help assess
trade-offs or provide an overall picture of whether forests are being managed
more sustainably or not. For example, forest area in a country may be declining

'The one exception to this is the ITTO indicators, where the ITTO reports the area of tropical
forests that is sustainably managed (although it is somewhat unclear how the indicators are used to
arrive at the final figures presented in their reports).
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at the same time as many other indicators appear to be improving, but there
would probably be little agreement about whether such a country was making
progress towards SFM or not.

The FRA also presents information about progress towards SFM in seven
thematic areas: extent of forest resources; biodiversity; forest health; productive,
protective and socio-economic functions (three separate elements); and legal, policy
and institutional frameworks. While many of the issues described above also apply
to the information presented in the FRA, there is agreement that these thematic
elements broadly cover the main aspects of SFM measured in the various criteria
and indicator processes (FAO 2004; UN 2008) and the data collected in the FRA
attempts to cover every country in the World.

Table 4 presents the global results from the FRA for the last two decades, with
an assumption that an average annual change of more than 0.5 % represents a major
change in an indicator (shown as either ++ or -- in the table). As the table shows,
there have been major increases in the areas of forests where biodiversity conservation
and soil and water protection are the main management objectives, areas affected by
fires and insects have declined significantly, protected areas in forests and the area
of privately owned forests has increased, as has the area of forests covered by
management plans.

Two of the variables reflecting the extent of forest resources show a negative
trend and the area of primary forests has also declined, although these changes have
been less than 0.5 % per year over the period. Employment and staffing of public
forest administrations has also declined significantly, but the number of students
graduating in forestry has increased a lot.

As noted previously, it is difficult to say from this evidence whether there has
been significant progress towards SFM at the global level, other than to say that
many aspects of forest management appear to have improved significantly while a
few have not improved.

2.3 Forest Uses

One important subset of information collected in the FRA is the extent to which
forests are used for different purposes. In the FRA, this is referred to as the “primary
designated function”, which is defined as follows:

The primary function or management objective assigned to a management unit either by
legal prescription, documented decision of the landowner or manager, or evidence provided
by documented studies of forest management practices and customary use (FAO 2007).

Although this definition is partly based on the management objective for an area
of forest (rather than its actual use), it can be assumed that the main use of a forest
and its management objectives are closely aligned. Therefore, it should give a rough
indication of the relative importance of different forest uses over time and, possibly,
between countries and regions. However, it should also be noted again that this is an
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indicator of inputs rather than outputs, so it does not capture the intensity of use.
It will also not reflect the importance of some forest uses that can be significant even
if they are not the main focus of management (e.g. forest recreation or soil and water
protection in forests managed for production).

Information is collected in the FRA about the area of forests managed in a coun-
try for each of the following primary designated functions:

¢ Production: Forest areas designated primarily for production of wood, fibre,
bioenergy and/or non-wood forest products (including subsistence collection of
these products).

* Biodiversity conservation: Forest areas designated primarily for conservation
of biological diversity including (but not limited to) forests in legally protected
areas.

* Soil and water protection: Forest areas designated primarily for protection of
soil and water, including: areas where there are specific restrictions aimed at
maintaining tree cover or not damaging vegetation that protects the soil; buffer
zones to protect watercourses; areas with steep slopes where forest harvesting is
restricted; and areas managed for combating desertification.

* Social services: Forest areas designated primarily for social services, including
activities such as: recreation; tourism; education; research; and conservation of
cultural or spiritual sites.

In addition to the above, countries may also report areas managed for other
purposes or for multiple-uses (where no one management objective predominates),
or they may report areas with no specific management objectives at all.

Figure 1 presents the trends in forest uses over the last two decades by region and
at the global level. As the figure shows, production is the most significant use of
forests in most regions and at the global level (accounting for 28 % of the forest area
in 2010). Production also accounts for over half of the total area designated for the
four main functions in all regions except Latin America and the Caribbean. The
proportions of the forest area used for soil and water protection and biodiversity
conservation are similar at the global level (7 % and 9 % respectively in 2010) and
these are the next two most important functions. Apart from Latin America, very
few countries report significant areas of forest designated for social services, with
many countries stating that most of their forests are used for these purposes at the
same time as they are used for one of the other primary functions, or that areas
designated as multiple-use forests are used for this purpose.

The figure shows that the decline in the global forest area used for production
(reported in Table 4) has also led to a slight decline in the proportion of forest
used for production. However, it also shows that there are large differences
between the regions in terms of the areas used for different functions and the
trends in these variables.

The proportion of the forest area used for production in Europe, Asia-Pacific
and Africa has fallen, but is still relatively high compared to the other two regions.
Conversely, in North America and Latin America it has increased quite a lot, but
from a low base. These increases are probably due to the rapid expansion of
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Fig. 1 Primary functions of forests by region and at the global level, 1990-2010 (Source: FAO
(2010a))

planted forests in some countries in these two regions (e.g. Brazil and United
States of America). In addition, the relatively small areas designated for any
primary function are because almost all forest in Canada is designated as multi-
ple-use forest (87 % in 2010) and only half of Brazil’s forest (51 %) has a clearly
identified primary function.

The proportion of forests used for biodiversity conservation has increased over
the last two decades at the global level and in all regions. The highest proportion is
reported for North America (16 % in 2010) and the region where this has increased
the most is Latin America and the Caribbean (from 4 % in 1990 to 9 % in 2010).
The proportion managed for soil and water conservation has also increased slightly
at the global level (from 6 % to 7 %), although increases at the regional level have
only occurred in Europe and the Asia-Pacific region. A number of countries
(e.g. United States of America) reported that no forests are designated specifically
for protection of soil and water, because this function is embedded in legislation
governing the management of all forests. Thus, the importance of soil and water
protection as a forest use is no doubt underestimated by these figures.

The FRA also collects information about the proportion of forests in legally
designated protected areas and data was provided by 135 countries (covering
91 % of the global forest area). Countries were asked to include only forest areas
in protected areas falling under [IUCN categories I-IV (Dudley 2008), where the
emphasis of management is protection of non-productive functions rather than
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sustainable use. These figures suggest that more than 10 % of the total forest area
is now in protected areas in most countries and regions (FAO 2010a). This is less
than the proportion of forest area managed for the three non-productive functions
identified above (20 %), because not all of these areas will be legally designated
as protected areas. However, it suggests that non-productive uses of forests are
sufficiently important to be protected by specific legislation and formal designa-
tion in many cases.

One final interesting observation about the areas reported for each designated
function is the seemingly high proportion of the World’s forests that are not clearly
associated with one of the four specific uses or functions mentioned above.
Approximately one-quarter of the global forest area is designated as multiple-use
forest and another one-quarter falls into the other or unknown categories. In many
countries, it appeared that some forest areas could be put clearly into the first four
use categories and the remaining forest area was simply put into the three non-
specific categories because of a lack of information. However, in others, specific
justifications and information were provided about why some forest areas should be
classified as multiple-use, other or unknown (see Box 2).

Based on the information about forest functions presented in the FRA, a number
of more general observations about how forests are managed and used can be made:

* Competing forest uses: many countries were able to identify and report areas of
forest used for production and biodiversity conservation with little ambiguity.
This does not mean that areas used for one of these functions are not used for the
other as well, but it does suggest that these two uses are to some extent mutually
exclusive. For example, planted forests in almost all countries were designated
for production (and where they weren’t, they are mostly used for soil and water
protection). Conversely, about half of the forest areas used for biodiversity con-
servation were in legally protected areas that generally place very strict limita-
tions on any harvesting activities.

e Compatible forest uses: in some countries, part of the forest estate is specifi-
cally designated for soil and water protection, implying that this is so important
that protection and production can be viewed as mutually exclusive uses. This
was particularly true for arid and mountainous countries. However, many coun-
tries reported that soil and water protection was a basic requirement of forest
management and reported no areas designated for this function. Even more
countries made the same statement about forests used for social services. Thus,
it appears that these uses are compatible with production and biodiversity con-
servation (and may even be complementary to the latter).

* Management for multiple-uses or specialisation: the FRA results also give an
insight into different forest management philosophies around the World. For
example, Canada reported very small forest areas used for production and biodi-
versity conservation and a huge proportion of the forest designated for multiple
uses. A few other countries (Mexico, Norway, United States of America) also
reported significant areas of multiple-use forest. At the other extreme, in New
Zealand, almost all natural forest was designated for biodiversity conservation
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Box 2 Different Approaches to the Estimation of Areas with Primary
Designated Functions

The FRA country reports show how countries classified their forests (in terms
of designated functions), based on information about legal status, tenure, man-
agement objectives and ownership, as well as national forest inventory results
and other literature. A summary of some of the approaches is as follows:

* Australia: Classification was based on tenure statistics and national forest
inventory results. The forest plantation area was classified as production and
the area of Nature Conservation Reserves was put in the biodiversity conserva-
tion category. Leasehold areas were classified as other and the relatively small
areas of unresolved tenure were classified as unknown. All remaining forest
was classified as multiple-use forest. Together, the non-specific designations
(multiple-use, other and unknown) accounted for 84 % of the total in 2010.

* Brazil: Based on the National System of Conservation Units and the
Brazilian Forestry Code, 15 national designations were identified. Forest
plantations and National Forests were classified as production, Permanent
Preservation Areas were put in the soil and water protection category,
Environmental Protection Areas were designated as multiple-use and other
designated areas were put into the biodiversity conservation or social ser-
vices category. Forest areas without any national designation were classi-
fied as unknown (49 % of the total forest area).

* Canada: In Canada, forest area is divided into 25 classes of forest ownership
and legal status. Most of the private industrial forest was classified as pro-
duction and federal, provincial and territorial reserved forests were placed in
the biodiversity conservation category. Most of the remaining forest was des-
ignated as multiple-use, with a relatively small amount placed in the unknown
category. These last two classes accounted for 94 % of the total in 2010.

» China: National forest inventories in China recognise 11 forest manage-
ment functions and areas meeting each of these were reclassified into the
FRA categories. In the data reported for 2010, 76 % of the forest area was
placed into one of the four specific categories used in the FRA and the
remaining 24 % was all classified as multiple-use forest.

* New Zealand: In New Zealand, classification into designated functions was
based on forest ownership and forest type (planted or indigenous). All
planted forest was classified as production and all state-owned indigenous
forest was put into the biodiversity conservation category (for the year 2010).
Most of the privately owned indigenous forest was also put into the biodiver-
sity conservation category, with a small amount classified as production.

(continued)
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Box 2 (continued)

e Russian Federation: The Russian Forest Code (2006) divides the forest
estate into three types: operational forests; protective forests; and reserve
forests. For the FRA, operational forests were classified as production and
the area of protective forests was divided into the other three specific des-
ignated functions and multiple-use forest. Reserve forests are forests in
remote areas that are unlikely to be developed for at least another 20 years
and these were all classified as other.

* South Africa: Forests in South Africa were divided into legally declared
wilderness areas, forest plantations and other forest areas (calculated as the
residual forest). The forest plantation area was classified as production, wil-
derness areas were placed in the biodiversity conservation category and the
remaining area (71 % of the total) was classified as multiple-use forest.

e United States of America: In the United States of America, none of the
national systems used to classify forest land could be easily translated into
the FRA categories, so a combination of data and assumptions was used to
provide this information. All planted forests and a proportion of some nat-
ural forest types was classified as production. Several other types of forest
were placed in the biodiversity conservation category and the remaining
area (46 % of the total) was classified as multiple-use forest.

Source: FAO (2010b)

and almost all of the plantation area was designated as production forest (with a tiny
amount for soil and water protection). This apparently strict and clear separation
of function by forest type in New Zealand has developed over many years and
after much public and political debate (Reid 2001; Perley 2003).

Countries such as China, Vietnam and Russian Federation also appeared to

have clearly defined forest areas for different uses, as did many West European
countries. The latter result is, perhaps, surprising considering that Europe has a
strong tradition of managing forests for multiple-uses (see, for example: CEC
2006). For the European Union as a whole, only 16 % of the forest area was
designated as multiple-use and only Germany and Spain reported significant
areas (and proportions) of forest with a multiple-use designation.
Planning for the future: the significant area of forests where there are currently
no clearly identified forest uses suggests that planning for their use will be an
important task in the future. This is particularly true in countries where there are
many pressures to convert forests to other land-uses. However, this lack of any
designation also reflects a lack of information and weaknesses in the capacity of
forest administrations in many cases. It seems likely that these countries should
be a high priority for capacity building and technical assistance if they are to
make further progress towards SFM.
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2.4 Legal, Policy and Institutional Trends

The FRA also presents information about trends in legal and policy frameworks and
forestry institutions in countries. Although changes in these aspects are often more
qualitative than quantitative, this information is useful for showing some other
general trends in the way that forests and forest management have developed.

With respect to policies and laws, almost all countries have a national forestry
policy (or regional policies in federated states) or a national forest programme. In
fact, many countries have both. The main exceptions are the Russian Federation
(which does not have a forest policy but does have a national forest programme) and
Canada and United States of America (which have policies, but not national forest
programmes — probably because they are federated states). In addition, almost all
countries have some sort of legislation concerning forests (either a specific forest
law or other laws that include forestry).

The FRA also shows that many countries have updated their forestry policies
and laws quite recently. For example, about two-thirds of countries have enacted,
issued or revised their forest policies and legislation in the last decade (see Fig. 2)
and three-quarters have developed national forest programmes during the same
period. In many cases, these policies, laws and programmes have been developed
or revised to take into account international commitments (such as the main envi-
ronmental conventions on biodiversity, climate change and desertification) and to
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broaden the scope of policies and laws so that they more adequately reflect the
aims of sustainable forest management. However, it is also worth noting that
about 10 % of countries still have forestry policies and legislation that date from
the 1980s or even earlier.

Another aspect of the legal and institutional framework for forest management is
forest ownership and the related issue of who is actually managing forests. In the
FRA enquiry, three ownership categories were used (public private and other) and
countries were asked about the type of owners of private forest (individuals; busi-
nesses or institutions; and communities). For public forests, the FRA also asked
about who holds the rights to manage and use forest resources (public administra-
tions; individuals; businesses; communities; and other), because public forests are
sometimes managed by non-state actors. This information can be combined to show
roughly the proportion of forests that are managed by the state, the private sector
and communities and this is shown in Fig. 3.

The first major observation from these results is that a significant proportion of
the World’s forests (75 %) are owned by the state. Public forest ownership is highest
in Europe and Africa, although the results for Europe are heavily influenced by the
Russian Federation (where all forests are owned by the state). Excluding the Russian
Federation, public forest ownership in Europe is only about 45 % and private own-
ership is slightly higher at about 50 %. Information about ownership has only been
collected in the FRA for 2005 and 2010, but it shows that public ownership has
declined at the global level (it was about 80 % in 2005). This is due to privatisation
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of forests in some regions (e.g. Europe) and establishment of privately-owned
planted forests. The one region where there has been little change is Africa, where
the state continues to own a significant proportion of the forest estate.

The next largest share of forest resources (about 15 %) falls into the “other own-
ership” category. This includes areas where ownership is disputed or unclear or
where the ownership arrangements do not fit the definitions of public or private. In
reality, it is likely that many of these areas are under the control of local communi-
ties (although often with unclear tenure rights). This category is significant in Latin
America and the Caribbean and the Asia-Pacific region (and Mexico, which accounts
for all of the area designated as other ownership in North America). The remaining
10 % of the World’s forest resources are privately owned, with the majority of this
area located in North America and Europe.

Combining the ownership and management information, it appears that about
60 % of the World’s forests are owned and managed by the state although, as noted
previously, this proportion seems to be declining. If it is assumed that communities
manage most of the forest designated as “other ownership”, then communities man-
age just under 25 % of the World’s forests. They both own and manage a small
proportion of this (about 2 % of the global area) and have legally recognised man-
agement rights in public forests (another 7 % of the global area), but the majority of
this area falls into the other ownership category. Community ownership and man-
agement also appears to be increasing, especially in Latin America and the Caribbean
and the Asia-Pacific region. For example, in Latin America and the Caribbean, the
proportion of forests managed by communities across all ownership categories is
close to the proportion owned and managed by the state (both about 45 %).

The proportion of forests managed by individuals and businesses (the formal
private sector) is slightly more than 15 %, with this area divided equally between
areas owned and managed by the private sector and areas of public forests where the
private sector have management rights (i.e. forest concessions). This has also been
increasing due to privatisation, expansion of forest concessions in a few places (e.g.
Russian Federation) and expansion of planted forests.

Another point worth noting is that there appears to be a very clear distinction in
ownership and management in Europe and North America (excluding Mexico),
where almost all forest ownership and management is designated as either public or
private. This no doubt reflects the well-developed legal frameworks for tenure and
ownership in these regions compared to much of the developing World.

3 Driving Forces Affecting Forests

In very broad terms, the main driving forces affecting forest resources are socio-
economic trends such as economic growth and demography. Environmental condi-
tions are also important but, until recently (with the prospect of climate change),
they largely determined differences between regions in terms of factors such as the
productivity of land and forests. The impacts of climate change on forests are largely
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Table 5 Income, population density and population structure in 2010

Population
density
GDP per (persons/km?) Rural Population  Economically active
Region capita (USD) Land Forest (percent) population (percent)
Europe 25,338 33 73 27 50
North America 37,199 22 67 19 50
Africa 1,699 34 152 60 39
Asia-Pacific 5,140 107 536 58 49
Latin America 8,687 26 54 20 49
and Caribbean

World 9,220 53 171 49 48

Source: FAO (2010a, 2012a)

outside the scope of this chapter,? but they may also have major consequences for
forests and people over the coming decades that will require the sector to adapt.

Trends in these underlying socio-economic variables result in changes that are
more directly observable, such as increased demand for land, increased demand for
forest products, changes in the availability and cost of capital and labour and
changes in production, consumption and trade flows. In response to these trends, the
forestry sector (like the rest of the economy) adapts by introducing new technology
and altering management practices. Governments also play a part in this process,
when government policies — both within forestry and in other sectors — seek to pro-
mote some activities or discourage others in an attempt to increase efficiency or
equity for the benefit of societies as a whole.

3.1 Socio-Economic Trends

Despite the fact that forests provide many environmental and social benefits, the
management of forests and associated land is still largely driven by economic
considerations. Forests are one land-use out of many alternatives and land is one
of the three basic factors of production in the economy (land, labour and capital).
Thus, like any productive activity, the relative abundance of these three basic fac-
tors of production explains quite a lot of the differences in forest management
between countries and over time (including why forests are sometimes converted
to other land-uses).

For example, Table 5 presents information about income and population in the
five main global regions in 2010. Comparing the two more developed regions
(Europe and North America), both regions have good access to capital (as shown by
the high gross domestic product or GDP per capita), but Europe has a relatively
higher population density and higher proportion of the population living in rural

2See Sect. 3 of this book, especially the chapter by Grace et al.
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areas (and both of these figures would be much higher if the Russian Federation was
considered separately).

Thus, in Europe, capital is abundant and land is relatively scarce, so land is man-
aged intensively on farms and in forests that are quite small in size and with a compara-
tively large number of people working in forestry and agriculture. Conversely, in
North America, land and forests are managed more extensively and at a larger scale,
with generally larger landholdings, fewer people working the land and relatively
more capital used in agriculture and forestry. Similar differences between these two
regions also appear in the management of forest resources with, for example, a
higher proportion of planted forests and higher roundwood production per hectare
in Europe (excluding the Russian Federation) compared to North America.

Comparing the other three regions, the table also shows that the abundance of the
three basic factors of production are very different, suggesting that land and forest
resources in each of these regions may be on very different development paths.

Latin America has relatively good access to capital and a low population density,
suggesting that forestry and agriculture in many of these countries could develop
along a similar path to what has already occurred in North America. Conversely, the
Asia-Pacific region may follow more of a European path, with more intensive man-
agement of smaller landholdings and a gradual substitution of capital for labour
when people leave rural areas to migrate to cities. Already in forestry there is some
evidence of these changes taking place with, for example, the growing importance
of planted forests in Asia.

In Africa, capital is scarce and land is abundant (as shown by the low population
density although, of course, a large part of North Africa is uninhabitable). Thus,
agriculture and (to some extent) forest management in Africa is typically small-
scale and labour intensive, but these activities do not utilise all of the land and forest
resources available on the continent. This relative abundance of land in Africa and
the currently low levels of investment in land management there partly explain why
there is so much interest at the moment in leasing African land for agricultural
development (Deininger et al. 2010).

Of course, this regional description does not capture the many different socio-
economic situations in countries within each region. However, the broad differences
described above are also likely to affect forestry development at the country level.
For example, the current and future development path for forests in sparsely popu-
lated Laos is likely to be very different to neighbouring Thailand and Vietnam.
Similarly, the development of agriculture and forestry in the southern part of South
America has been very different to, say, the countries of Central America.

3.2 Competing Land-Uses

The brief discussion above focused on forest and land management, but the same
factors also affect land-use change and there is a growing body of literature describing
how economic and demographic trends result in land-use changes over time.
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One of the first attempts to examine this was the paper by Shafik (1994), which
presented the hypothesis that the relationship between environmental quality and
income follows the path of an inverted U-curve or “Kuznets Curve”. This postulates
that environmental degradation tends to get worse as economies develop until aver-
age income reaches a certain point, then changes in behaviour and mitigation mea-
sures result in a gradually improving environment. The paper examined trends in a
number of environmental indicators (including deforestation), but presented mixed
results. Some indicators followed the inverted U-curve as expected, but others con-
tinued to get worse as incomes rose or continuously improved.

In Shafik’s paper, the relationship between deforestation and income was one
that followed an inverted U-curve, but the results were not significant due to speci-
fication and measurement problems. Others have examined the evidence for a defor-
estation Kuznets Curve in more detail and have arrived at similarly inconclusive
results (Mather and Needle 1999; Ehrardt-Martinez et al 2002). These studies have
concluded that the hypothesis of a Kuznets Curve for deforestation is broadly cor-
rect (i.e. that deforestation tends to occur in poor countries rather than rich coun-
tries), but that the socio-economic drivers of deforestation are far more complex
than a simple relationship between income and forest conversion.

More recent studies have included labour and commodity costs in the analytical
framework and have proposed that forests go through four transitional stages as
economies develop (see Box 3). Similar to the inverted Kuznets Curve hypothesis,
these studies also suggest that deforestation becomes gradually worse as incomes
rise (from a low level), but then starts to improve and eventually reverse. However,
they provide a better explanation of why these changes might occur.

In particular, as described by Rudel et al. (2005), there are two hypotheses about
why deforestation might reverse as economies develop and incomes rise:

* Rising rural labour costs: With increasing incomes and urbanisation, rural
labour costs will rise and farmers will abandon their more remote, less produc-
tive fields and pastures to concentrate labour on their more productive and profit-
able landholdings.

¢ Increasing forest scarcity: As forest area declines in a country, the potential
supply of forest products (from domestic resources) also falls, leading to
increased prices of forest products. This improves the financial returns from
afforestation and forest management, leading to an expansion of forests and
reversals in forest degradation.

The paper by Rudel et al. describes how a number of countries appear to have
moved from the late-transition to post-transition stages since 1990 (for each of the
two reasons described above). However, it also describes why some other countries
apparently made much less progress towards the post-transition stage for a variety
of reasons.?

3See also the chapter by South in Sect. 4 of this book, which addresses the different types of forest
ownership that exist and describes how this might affect how forests are used, now and in future.
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Box 3 The Four Stages of Forest Transition

Based on analyses of forest cover and changes in forest area (i.e. deforestation
and afforestation) in different countries, a number of authors have proposed that
countries typically move through four stages of forest transition as they develop
economically (for a fuller description of the development of the forest transition
hypothesis, see: Rudel et al 2005). The four stages are described as follows:

e Pre-transition: Pre-transition countries have high forest cover and low
deforestation rates. Population densities are generally low and there is little
pressure to convert forests to other land uses.

» Early-transition: Early-transition countries have relatively high forest cover
and high deforestation rates. Forests are converted to agriculture to feed
growing populations, often after access to forests has been increased due to
investments in roads for forest harvesting. Forests may also be cleared for
other purposes such as mining, infrastructure or urban development.

» Late-transition: Late-transition countries have relatively low forest cover,
with low (and slowing) deforestation rates.

» Post-transition: In post-transition countries, forest cover starts to increase
either due to afforestation or natural regeneration on abandoned agricul-
tural land.

The level of forest cover at which deforestation starts to slow and, eventu-
ally, reverse will depend on various factors such as population density, the
structure of an economy and environmental factors.

A more elaborate model developed by Hyde (2012) follows a similar logic, to
explain why forests in a country might be cleared, degraded or sustainably
managed, due to a number of economic forces (including the two mentioned
above). This model takes the idea of forest transition a stage further to explain
how both land-use change and forest degradation develop over time and how sus-
tainable forest management eventually arises when the value of forest products
reaches a level sufficient to justify protection and management rather than simply
exploitation of the resource.

Another factor affecting the forest transition is the availability of capital and
improved technology. For example, if capital is readily available, then farmers
could mechanise if labour costs rise and this would not lead to a reversal in defor-
estation. On the other hand, the same conditions would tend to support afforesta-
tion in the face of forest scarcity. This is why many countries that have successfully
reversed deforestation trends have supported reforestation and afforestation with
tax incentives, grants and other subsidy schemes to overcome the initial capital
costs of tree planting.
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(Source: Hosonuma et al. (2012))

The impacts of improved technology at the forest-agriculture interface has been
studied by a number of authors (for a comprehensive review, see: Angelsen and
Kaimowitz 2001). Similar to many other economic developments, improvements in
technology have both an income and substitution effect that may or may not lead to
an expansion of agriculture into forest areas, depending on which effect is stronger.
On the one hand, improved technology enables farmers to produce more output at
lower cost, but this tends to depress product prices and result in less expansion of
agriculture as farmers focus efforts on their best land (a substitution effect, similar
to the rising labour cost effect described above). However, by lowering production
costs, these developments also raise the profitability per hectare of agriculture (an
income effect), which would tend to encourage expansion of agriculture into other
areas. With expanding markets for agricultural products (another important impact
of rising incomes), the latter effect is likely to be dominant in most places, leading
to conversion of forests into agricultural land.

Based on a comprehensive review of documents prepared for REDD* projects,
Hosonuma et al. (2012) recently estimated the amount of deforestation in tropical
countries that can be attributed to different types of land conversion. The results of this
analysis are shown in Fig. 4 for the three tropical regions and four stages of forest

“Reduced Emissions from Deforestation and Degradation — an approach to climate change mitigation
in the forestry sector.
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transition. The results suggest that commercial agriculture accounted for 40 % of
deforestation in the last decade, followed by local or subsistence agriculture (33 %).
Infrastructure and urban expansion account for a further 10 % each and mining the
remaining 7 %.

These results are consistent with earlier studies which show that agricultural
expansion is by far the predominant driver of deforestation. However, in con-
trast to many previous studies, this study shows that commercial agriculture
rather than subsistence agriculture is now the most important driver. The study
shows that conversion of forests for cattle ranching, soybeans and oil palm has
grown in importance in recent years, especially in Latin America and Asia. The study
confirms the simple analysis presented earlier, showing that commercial agricul-
ture is expanding mostly in Latin America (where land and capital are relatively
abundant), while subsistence agriculture remains the most important driver of
deforestation in Africa. It also shows how the availability of capital (e.g. for
commercial agriculture) is increasing in importance as a driving force behind
forest conversion.

The presentation of results by transitional stage is, perhaps, the most worrying
indication for the outlook for forest resources. This estimates that about three-
quarters of deforestation is currently occurring in countries in the early transitional
stage (high forest cover and high deforestation rate), suggesting that many countries
will continue to convert forests to agriculture for some years to come before defor-
estation rates fall or reverse.

With the expectation that forest conversion will continue for some time to come,
there is a growing debate about how to reconcile the need for more agricultural
land with the need to protect important biodiversity and ecosystems. In the same
way that forests can be managed for multiple uses, some have suggested that “land
sharing” — where environmentally-friendly agriculture occurs in multi-functional
landscapes — can meet the need to produce more food while protecting biodiversity.
The alternative approach is specialisation and intensification to produce more food
from existing land and reduce the need to expand agriculture into other areas such
as forests (“land sparing”).

As with many other studies of land-use change, there is evidence to suggest that
both approaches have strengths and weaknesses. For example, a study by Phalan
et al. (2011) examined the density of tree and bird species in Ghana and India with
different levels of forest cover and agricultural intensification. Their results sug-
gested that land sparing would be a better strategy for minimising the negative
impacts of increased food production. However, another recent study of the Peruvian
Amazon (Gutierrez-Velez et al 2011) showed that 75 % of the land used for expan-
sion of high yield oil palm plantations was obtained by clearing primary forests
compared to only 30 % for the expansion of small-scale, low-intensity production.
The authors suggested that land tenure and fiscal incentives partly explained these
differences, showing how government policies are also important driving forces in
the conversion of forests to other land-uses.
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3.3 Increasing Demand for Forest Products and Services

In addition to increased demand for agricultural land, socio-economic trends also
lead to increased demand for forest products and services. However, at the same
time, these trends also lead to improvements in technology, resource management
and utilisation that can expand supply and reduce the impacts of increased demand
on the forest resource.

Trends in the production of forest products over the last two decades suggest that
many countries have been successful in reducing the amount of wood and fibre from
forests used to manufacture forest products. At the global level and in most regions
and product categories, production of processed forest products has increased since
1990, but there has been no upward trend in the consumption of roundwood by the
wood processing sector.

One reason for this has been the continual increase in the recovery and re-use of
forest products that has occurred since the 1970s, starting first with recovered paper
(or wastepaper) and, more recently, the growth in recovery and recycling of solid
wood products in regions such as Europe. Greater use of wood residues from solid
wood manufacturing (i.e. sawnwood and plywood production) has also contributed
to this effect. For example, the European Forest Sector Outlook Study (UN 2005)
noted that less than half of the wood and fibre now used to manufacture forest prod-
ucts in Western Europe comes from forests and trees, with the majority coming
from the use of wood residues and recycled wood and fibre.

Another contributing factor has been the substitution of reconstituted wood pan-
els (i.e. particleboard and fibreboard) for sawnwood and plywood in many end-uses.
These products are more efficient in the use of wood raw materials (i.e. less wood is
required to manufacture one cubic metre of product compared to sawnwood and
plywood) and they can be manufactured with wood residues and recovered wood,
as well as smaller-sized trees and species that would not be considered commer-
cially viable for manufacturing sawnwood and plywood.

In the markets for paper, rising incomes and technological change are starting to
reduce demand for some types of paper, as people in developed countries switch to
electronic media, book readers and communicate more by email. For example,
newsprint consumption in North America and some European countries has now
fallen to levels last seen in the 1960s. However, with improvements in income and
literacy and the development of a service sector, demand for newsprint and printing
and writing paper in most developing countries is still growing very fast and it is
unlikely that this trend will slow down for many years to come.

The regional trends in paper consumption mentioned above reflect a more gen-
eral pattern of forest product consumption that has appeared over the last two
decades. In most developed countries now, per capita consumption of forest prod-
ucts is relatively high, but growing only slowly and, in some cases (e.g. newsprint),
declining. Indeed, it appears as though per capita consumption of some forest prod-
ucts is reaching a natural limit with little potential for further growth. In addition, as
noted above, much of this consumption is recycled into new products, reducing the
demands placed on the forest resource for wood and fibre.



Global Trends and Outlook for Forest Resources 187

In contrast, consumption in many developing countries is increasing rapidly
(although from a much lower base) and recycling is less well developed in most
places. The increases in demand expected in developing countries in the future will
result in greater demand for wood and fibre. However, with increasing forest scarcity
and the large potential to increase the efficiency of resource use, it seems likely that
improvements in technology, recovery and recycling will occur (as they have already
in developed countries). Thus, it can be expected that such improvements will make
a significant contribution to mitigating the impacts of higher product consumption on
the demand for wood raw materials.

Another shift that has occurred in the last few decades is the rapid and significant
increase in the area of planted forests and the growing importance of these resources
for wood supply. For many decades, five countries with significant forest resources
(Canada, United States of America, Sweden, Finland and Russia) accounted for
over half of the global production of forest products. However, in the last two
decades, the development of fast-growing forest plantations has reduced the domi-
nance of these countries in global forest product markets. In particular, countries in
the Southern Hemisphere — such as: Brazil, Chile, South Africa, New Zealand and
Australia — have grown to become important suppliers and exporters of forest prod-
ucts based, to a large extent, on their planted forest resources. These countries have
recently been joined by China, Indonesia and others that are developing significant
planted forests estates.

As noted by Brown (2000), the comparative advantage in production of forest
products appears to have shifted somewhat, away from countries with lots of trees
to places where trees grow fast. This shift can also been seen within countries and
regions with, for example, the increasing importance of forest plantations in the
south-eastern United States of America as a source of wood supply and increased
wood production in Europe from forest plantations in places such as Ireland, Spain
and Portugal. These shifts have not only been supported by research and develop-
ment in tree breeding, plantation establishment and management, but also by the
changes in processing technology and end-uses (mentioned previously) that allow a
wider range of wood raw materials to be used in manufacturing.

One of the important impacts of the development of planted forests is that it
enables the growing demand for forest products to be satisfied by relatively small
areas of forest. The contribution of planted forests to wood supply is not known,
because roundwood production statistics are not disaggregated by forest type.
However, the potential production from planted forests can be estimated from the
planted forest area statistics collected in the FRA, estimates of yield and other infor-
mation about management regimes.’

One of the first attempts to estimate potential wood supply from planted forests
was produced by Brown (2000), based on the results of the 1995 FRA. Using a very

3For example, whether the planted forests in a country are likely to be grown and managed on short
rotations for pulpwood or longer rotations for sawlogs or a mixture of pulpwood and sawlogs
(based on species, market conditions and other factors).
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narrow definition of planted forests,® the study estimated that the 3.5 % of the global
forest area classified as industrial forest plantations (in 1995) had the potential to
produce 22 % of the industrial roundwood used in that year. An update to this esti-
mate was produced by Carle and Holmgren (2008), based on the results of the 2005
FRA. Using a much broader definition of planted forests, they estimated that forest
plantations (covering 7 % of the global forest area) had the potential to supply two-
thirds of global wood production in 2005. Most recently, Indufor (2012) presented
an analysis suggesting that there are 54 million hectares of fast-growing forest plan-
tations managed for commercial purposes (1.5 % of the global forest area), with the
potential to produce about one-third of current industrial wood supplies.

The large difference between these estimates of plantation wood supply occurs
because some planted forest areas may not be used for wood production. Furthermore,
actual production may not reach the level of potential production because of a
number of operational factors (e.g. lack of local demand, high harvesting costs, tree
mortality). However, all of these studies and a number of other similar reports have
highlighted how these relatively small areas of planted forest could meet much of
the World’s demand for wood and fibre at present and in the future.

Socio-economic trends have one other major impact on the demand for forest
products and services and this is that people start to demand a broader range of
benefits from forests and forest products when incomes rise. Similar to Maslow’s
hierarchy of human needs (Maslow 1943), at low income levels demand focuses
first on meeting basic human needs, then it expands (as incomes rise) to include
demands for products and services that meet higher needs (e.g. information and
education) and, eventually, products and services that help people to achieve esteem
and self-actualisation. In the markets for forest products, these differences in the
structure of demand can be seen in the high proportion of wood used as fuelwood
and sawnwood (to meet the basic needs of energy and shelter) in poorer countries,
with more demand for higher-value wood products (e.g. furniture) and paper at
higher levels of income and demand for legal, sustainable and “green” products at
the highest levels of income.

As noted in FAO’s State of the World’s Forests 2011 (FAO 2011b), many devel-
oped countries have already reached a point where concerns about the sustainability
of forest products and interest in issues such as corporate social responsibility and
the so-called green economy are becoming important factors affecting the future
development of the forest industry. The same trend is also leading to increased
demand for forest services such as recreation (e.g. in Western Europe — see: UN
2005) and is reflected in a number of recent developments such as forest certifica-
tion and legislation to strengthen forest law enforcement.

®The early FRA definition of forest plantations was: “Forest stands established by planting or/and
seeding in the process of afforestation or reforestation, with either introduced species (all planted
stands) or intensively managed stands of indigenous species, which meet all the following criteria:
one or two species at planting; even age class; and regular spacing (FAO 1998). Later versions of
the FRA introduced the broader concept of “planted forests”, which included the above plus other
forests of planted trees that did not meet the criteria set-out above.
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3.4 Government Policies

In addition to socio-economic trends, the other major driving force affecting forest
resources is the overall policy environment in a country. This includes sectoral policies
(both within forestry and in other sectors) as well as broader macroeconomic and
social policies. For many years, forestry policy discussions have emphasised how
forests and forestry are often influenced more by policies in other sectors than by
policies within the forestry sector itself. However, a particularly important feature
of the last two decades has been the increased liberalisation of markets, the growth
of free trade and the globalisation of the World’s economy.

The main impact of market liberalisation and globalisation has been the increase
in economic growth that has occurred in the last two decades. In particular, the
economies of many developing countries and countries in transition have grown
dramatically, due to closer integration into global markets and reductions in central
planning and state ownership and control of economic activities. Globalisation has
also supported the regional shifts in roundwood supply (noted earlier) and, more
recently, shifts in forest industry investment towards developing regions, where
labour costs are lower and demand growth is high.

These shifts in production, demand and investment have altered the economics
of forest management all over the World, making it more difficult to cover the costs
of SFM in some regions. Increased globalisation also means that changes in forest
management in one location are more likely to lead to unexpected impacts elsewhere.
For example, concerns have been expressed that measures to alter forest management
or reduce wood production (in countries where production levels are unsustainable)
may simply lead to undesirable changes in other places. These spillover effects are
becoming increasingly important for policymakers attempting to improve sustain-
ability through measures such as logging bans and changes in forest law enforce-
ment or by developing new projects for bioenergy production or climate change
mitigation (e.g. REDD projects).

The other broad policy area that has a significant impact on forest resources is the
arrangements for land-use, land tenure and land ownership in countries. For exam-
ple, Contreras-Hermosilla (1999) described many reasons why insecure land tenure
may result in forest conversion or forest degradation and also why strengthening
tenure may not always lead to reductions in these problems unless such measures
are complemented by other policy reforms. The results of the FRA show that forest
tenure and ownership is still uncertain in a significant proportion of the World’s
forests (particularly in tropical countries), but that the situation is gradually improv-
ing (FAO 2011c¢). In addition, measures such as the recently produced “Voluntary
Guidelines on Tenure Governance” (FAO 2012b) should help to strengthen and
clarify tenure if implemented by countries.

With respect to cross-sectoral linkages, a number of papers have highlighted how
policies in a few specific sectors appear to have the most significant impacts on
forests and forestry (Contreras-Hermosilla 1999; Broadhead 2001; Dubé and
Schmithiisen 2007). Policies promoting agriculture are the most obvious example of
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a cross-sectoral impact that tends to have a negative impact on forestry, followed by
transport policies (which tend to increase access to forest areas, thus indirectly facil-
itating forest conversion). Policies in the energy sector are another major source of
cross-sectoral impacts, although the impacts on forests may be positive or negative
depending on the aim of the energy policy. Conversely, it is little surprise that poli-
cies supporting nature conservation and environmental improvement or protection
tend to have major beneficial impacts on forests.’

The growing concern about climate change is the most recent development that
has significant potential to affect forests and forestry. Forests can contribute to
climate change mitigation in a number of ways. First, as carbon sinks, they can
sequester and store carbon from the atmosphere through afforestation, reforestation
or changes in forest management. Alternatively, carbon emissions from forests
can be reduced if deforestation and forest degradation is reduced (REDD).
Secondly, wood products can be used as substitutes for other products manufactured
using more energy (i.e. wood products generally contain less embodied energy
than other products), with the additional benefit that the wood products may also
store carbon for long periods of time. Woodfuel may also be used in place of fossil
fuels, with benefits in terms of lower net carbon emissions if the carbon emitted
from combustion is replaced by forest regrowth or if the wood would have decom-
posed anyway.

It might be expected that policies supporting climate change mitigation should
benefit forests and forestry overall, but achievements have been quite limited so far.
For example, afforestation is one option to obtain credits for emission reductions,
but very few projects have met the rigorous standards required to obtain such cred-
its. Emission reductions through REDD is also being piloted in numerous countries
at the moment, but countries have yet to agree if or how credits for REDD activities
can be incorporated into global carbon financing mechanisms; and even if there is
agreement on an international mechanism for REDD financing, the project preparation,
transaction and monitoring costs may result in limited uptake. Beyond forests, the
carbon stored in wood products can now be included in a country’s carbon accounts,
but very few countries have any policies or incentives to promote wood products as
low-carbon alternatives to other materials.

The promotion of bioenergy is the one relevant area where many countries have
implemented targets, policies and laws in recent years. For example, Cushion et al.
(2010) reported that 57 countries now have targets for bioenergy use (as a share of
total energy supply or fuel use), including all developed countries and most of the
large developing countries. However, by focusing heavily on energy consumption,
the policies for achieving these targets have contradictory implications for the out-
look for forest resources.

Tt is also interesting to note that these papers all show that broad policies supporting development
or strengthening institutional frameworks appear to have as much (if not more) of an impact on
forestry than policies in specific sectors. This suggests that planning and trying to mitigate the
impacts (on forests) of broad policy changes may be a more suitable approach than the currently
high level of interest in how to address cross-sectoral impacts.
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On the one hand, by stimulating demand for wood, they improve the economics
of forest management, providing more income for forest owners and supporting
more intensive and active management of forests. However, there is concern that the
potentially huge amounts of wood required to meet these targets may be difficult to
supply sustainably. Furthermore, because non-wood crops are often more economi-
cally attractive sources of bioenergy or biofuel (e.g. sugar crops or oilseeds for
liquid biofuel production), these policies have actually increased the pressure to
convert forests to other uses in order to meet these new demands. As noted above,
these pressures may also occur in places far away from the countries where bioenergy
consumption is increasing.

Within the forestry sector, many countries have forestry policies that have been
recently updated to reflect international commitments and current best practices.
However, while forestry policies may be well designed and strongly supportive of
SFM, there remains a lack of capacity in many countries to implement these ever
more complex and complicated policies.

The FRA shows that the number of staff in forestry administrations has declined
over the last two decades (see Table 4), but it also shows that there is a wide gap
between developed and developing countries in the amount of public funding available
to support forestry policy implementation. For example, the latest FRA estimated
that public expenditure on forestry in 2005 amounted to at least USD 19 billion
(or USD 7.30 per hectare),® but also that Europe, North America and China
accounted for over 85 % of this total. Expenditure per hectare in all three developing
regions (excluding China) was below the global average and far below the average
expenditure in developed countries (FAO 2010a).

This lack of implementation capacity may partly explain why policies outside
the sector seem to have much more influence on what happens to forests than forestry
policies. It has also led to a long-running international debate about how to finance
SFM, although this — like REDD-financing discussions — has yet to result in signifi-
cant financial flows to support SFM. At the same time, forest administrations in
many developing countries continue to find it difficult to raise income from the
management of public forests (e.g. through higher forest charges) and to compete
with other parts of the public sector for funding to support SFM implementation.

The challenges mentioned above could imply that forestry policy is not such
an important driving force for the outlook for forest resources, but the lack of
capacity in some developing countries may actually result in many unintended
(and detrimental) consequences for forests. For example, where weak capacity
collides with complex forestry regulations, the tendency for corruption may be
higher. This increases uncertainty and reduces the economic viability of SFM,
making it more likely that forests will be degraded or converted to other uses in
the long-run. Alternatively, if countries try to address this problem by imple-
menting simple policy measures (such as bans on hunting, logging or pitsawing,
which are quite common), this may reduce the potential for corruption, but it can

8Only 103 countries (covering 64 % of the global forest area) reported this information to the FRA,
so total global expenditure will be somewhat higher than this figure.
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also remove any incentive for local people (as well as forest officers) to protect
and conserve forests. To put it simply, where institutions are weak, more forestry
policies, laws and regulations may increase the pressure to convert forests to
other uses that have clearer and more certain policy and institutional frameworks.
This issue of capacity will be vitally important for the future of forests, as well
as for recent policy measures that try to strengthen forest governance (e.g. the US
Lacey Act and EU Timber Regulation).

4 Outlook for Forest Resources

The preceding analysis has shown that the global forest area is declining (although
at a slowing rate) and that forest degradation is probably increasing in many, but not
all, places. However, at the same time, many indicators of SFM appear to be improv-
ing and the demands placed upon forests are expanding (both in terms of quantity
and the range of goods and services desired).

The links between the main driving forces (economic growth, population change,
increased demands), forest characteristics (area, forest type, use, etc.) and forest
management are difficult to assess in detail but, at least in the case of forest area,
competing demands for land appear to be a major factor affecting the outlook for
forest resources. With respect to forest management, intensification (e.g. expansion
of forest plantations) and expansion of protected areas appear to be two of the strate-
gies most commonly employed by countries to try to meet the increasing demands
placed on the sector.

The FRA has shown that the state is still the dominant force in forestry in most
countries, due to its regulation of the sector and, in many places, through its
ownership and management of forest resources. However, there are also indica-
tions that state forest ownership and management is declining. In addition, the
capacity of forestry administrations to implement policies and legislation is quite
weak in many places.

In light of the above, this final section will describe the outlook for some of the
driving forces affecting forests then examine three main issues: how much forest
will there be in the future; what will it be used for; and how will it be managed? This
will include some brief thoughts about how stakeholders in the sector might respond
to these changes.

4.1 Outlook for the Socio-Economic Driving Forces

At present, the short-term outlook for the global economy looks uncertain, so
detailed projections of economic growth will not be presented here. However, it is
possible to present some general statements about likely economic developments
over the next few decades.
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First, over the last century or so, the historical economic growth rate in most
developed countries has been about 2.5 % per year on average. This rate has been
driven by a mixture of population growth, technology and innovations and increased
efficiencies in economies. Once the current economic problems have been overcome,
it seems likely that growth in these economies will return to a more stable and
predictable path. However, with ageing populations and little or no future popula-
tion growth, a more subdued growth rate (e.g. 1.5-2.0 % per year) may become the
norm in many of these countries.

Outside developed regions, long-term economic growth trends have been much
less predictable in the past with, for example, some developing countries suddenly
expanding very rapidly and others experiencing prolonged periods of little or no
growth or even shrinking economies. However, over the last 10—15 years, stable
positive growth has gradually appeared in many of these countries. Some of the so-
called developing countries already have a relatively long history of solid economic
growth that has propelled them into the ranks of the high-income economies
(e.g. Republic of Korea, Singapore), with others following closely behind (e.g. Chile,
Mexico, Malaysia). In addition, four of the larger countries (the so-called “BRIC”
economies of Brazil, Russian Federation, India and China) have expanded to
become major forces in the global economy and others (e.g. Mexico, Indonesia,
Thailand) may soon join them.

Continued relatively high economic growth of around 2.0-4.0 % per year seems
likely to continue (in most of these countries) for the foreseeable future. The coun-
tries with even higher rates of growth (e.g. China) may be able to continue growing
at these levels for some time, but growth will slow down eventually, due to rising
labour costs and demographic changes (see below). The one exception might be
Africa, where economic growth rates in many countries have reached unprece-
dented levels in recent years. Average incomes in Africa are far behind the other
global regions, but much of the continent has started to benefit from closer integra-
tion into the global economy, high demand for commodities and natural resources,
favourable demographic trends and some improvements in governance, peace and
security. If these improvements can be sustained, then above average growth could
continue for some time to come.

The two main impacts of the economic outlook are as follows. First, growth in
the global economy will continue to shift away from the developed regions of
Europe and North America to the rest of the World, particularly Asia and Latin
America and the Caribbean. Average incomes in these latter two regions will con-
tinue to approach the income levels in Europe and North America, although differ-
ences between countries within these regions may remain quite large. Average
incomes in Africa are likely to continue to remain some way behind the rest of the
World, due to the extremely low levels of income there at present.

The second impact will be a significant expansion in the middle-income popula-
tion (or “middle class”) in many developing countries. As already noted, this will
lead to some major shifts in consumer demand, as people move up their needs hier-
archy towards higher value products, more consumption of services and greater
expenditure on luxury goods and leisure activities. It will also raise labour costs,
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resulting in more substitution of capital for labour, increased labour productivity
and a large reduction in people relying on the informal economy to make a living.
These latter changes, combined with demographic trends, could have some pro-
found impacts on the future of forest resources.

Demographic projections are available to the year 2100 (UN 2011) and are
generally more reliable than long-term projections for economic growth. So, cur-
rent projections for total population in each of the main global regions, along
with estimates of the rural population and economically active population are
presented in Fig. 5.

The global population is projected to increase by over two billion people over the
next four decades to reach about 9.3 billion in 2050. Almost all of this increase will
occur outside Europe and North America, although population growth is also
expected to slow dramatically by the end of the period in Latin America and the
Caribbean and the Asia-Pacific region. In contrast, Africa is the one region where
population will increase most dramatically (from 1.0 billion in 2010 to 2.2 billion in
2050) and with very little decrease in the population growth rate in the future.

The population living in rural areas is currently (2010) about 3.4 billion people
or roughly half the total population. This is expected to remain about the same over
the next few decades then gradually reduce to less than three billion in 2050. The
global trend mostly reflects an expected decrease of 0.6 billion in the rural popula-
tion in the Asia-Pacific region in the coming decades. The rural population in Europe
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and the Americas is currently relatively small and is also expected to decline slightly
in the future. In Africa, it is expected to increase slightly from 0.6 billion to 0.8 bil-
lion (2010 to 2050), but start to fall at the end of the period.

The economically active population (ILO 2011) is currently about 3.3 billion
people and this is expected to increase to 4.2 billion people in 2050. However, the
age structure of the population is shifting towards higher proportions of older people
(including people beyond retirement ages) in most regions. Thus, the economically
active population is expected to decline in Europe and remain roughly the same in
the Americas. It will increase in the Asia-Pacific region in the next two decades —
from 2.0 billion in 2010 to 2.4 billion in 2040 — but will not increase any further.
Again, Africa is the one exception to these regional trends, where the economically
active population is projected to increase continuously, from 0.4 billion in 2010 to
about 1.0 billion in 2050. This is due to the current age structure (many young people)
and high fertility that is expected to continue for some time to come.

In light of current thinking about the drivers behind forest transitions, these pop-
ulation projections are likely to have major implications for the future of forest
resources in different parts of the World. In the Asia-Pacific region, the expected
decline in the rural population and population ageing will result in far fewer people
living in forest areas and engaging in activities that have traditionally been viewed
as drivers of deforestation and degradation (e.g. shifting cultivation, grazing, fuel-
wood and non-wood forest product collection). So, to some extent, demography
may “save” the forest. However, as also noted above, more capital will be employed
in land and natural resource management to compensate for these shrinking and
more expensive labour supplies. This will continue to create pressure to replace
forests with large-scale commercial agriculture, but it will also encourage more for-
est plantation establishment (in areas where commercial agriculture is not viable) to
meet the growing urban demand for wood products. In other words, the transition
will really be one from a small-scale production or subsistence landscape to one that
is more actively managed at a larger-scale and for more commercial production.
This will not necessarily be detrimental to forest resources in all places, but could
have both positive and negative implications for forests and forestry.

Parts of Latin America (where population density is relatively high) could follow
a similar path to the Asia-Pacific region, because most of these demographic shifts
are also expected to occur there. However, in the parts of this region where popula-
tion densities are low, significant areas of land and natural resources are already
very actively managed (although extensively and at a larger scale) with a strong
focus on commercial production of forest and agricultural outputs. In these places,
the transition will not be from a subsistence to managed landscape, but more likely
an expansion of managed landscapes into areas that are currently lightly used.

These same demographic trends are also expected in Europe and North America,
as well as Australia, Japan and New Zealand. In these countries, most land is already
actively managed, land-use change is often regulated (e.g. through local planning
systems) and land-uses tend to be more stable. An ageing and shrinking rural
population may continue to encourage forest expansion in some areas for a variety
of reasons. For example, farmer retirement and out-migration can lead to land
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abandonment (and natural regeneration) or deliberate tree planting to continue to
use the land but with much lower input requirements. Alternatively, land ownership
can change, replacing ownership by working farmers with new owners that may
have more of an interest in tree planting (e.g. for long-term investment or non-
commercial purposes). Management intensity (of both agricultural land and forests)
might also increase to meet increasing product demand with lower labour availabil-
ity, but much will depend on the policies and incentives present in a country.

The one clear exception to the future scenarios described above is Africa. In
Africa, all of the demographic trends are the opposite, with an increasing total popu-
lation, rural population and economically active population expected in the future.
Here, the pressure to convert forests to other land-uses will increase. However, two
factors could mitigate the impact of demographic changes on forest resources.

The first is that population density is quite low (especially in most of the coun-
tries with significant forest areas). Thus, deforestation may be quite limited in the
countries with large populations (because they already typically have few remaining
forest resources), while the demographic pressures may be reflected more in forest
degradation (rather than deforestation) in the countries with high forest cover.

Secondly, there is still much potential to increase the productivity of agriculture
in Africa. As noted by Langyintuo (2011), African cereal yields are less than a quar-
ter of the global average, the use of fertilisers is minimal (often leading to soil
degradation) and average yields of individual crops are between a half and one-fifth
of what is technically feasible. Similarly, Africa has a lot of potential for the devel-
opment of forest plantations (South Africa being a notable example of this), but the
continent has not so far been able to take advantage of this.

Numerous studies have highlighted three main constraints to the development of
agriculture, forestry and fisheries in Africa, namely: lack of access to investment
capital; poorly developed markets; and unclear land tenure arrangements (FAO
2003, 2012c). The first constraint may ease in the future with rising incomes and
foreign investment in the sector, but the other two issues require broad policy
reforms that will need to be addressed if the continent is to achieve its potential.

4.2 Outlook for Future Demand for Products
and Services from Forestry and Agriculture

The more direct forces affecting the outlook for forest resources are the growing
demands for products, land and other environmental services expected in the future.
This includes not only forest products but also the products from alternative land-
uses and forest services or what the Organisation for Economic Co-operation
and Development (OECD) has referred to as the “Five Fs” — food, feed, fibre, fuel
and forest conservation (see: OECD 2009). Recent projections for some of these
outputs are available and are presented below.

FAO regularly produces projections of future supply and demand for food and
the results of the latest projections to the year 2050 are shown in Table 6. The figures



Global Trends and Outlook for Forest Resources 197

Table 6 Trends and projections for global production of agricultural products, 1990-2050

Region 1990 2000 2010 2020 2030 2040 2050
All food and non-food commodities

Developed countries 93 96 100 107 115 118 122
Near East and North Africa 62 80 100 117 137 155 174
Sub-Saharan Africa 55 75 100 128 164 202 248
South Asia 62 80 100 121 146 166 189
East Asia 49 73 100 114 129 136 143
Latin America and Caribbean 53 75 100 118 140 152 164
World 66 83 100 114 129 140 152
Meat

Developed countries 88 94 100 107 115 117 119
Near East and North Africa 49 71 100 127 161 193 233
Sub-Saharan Africa 56 75 100 133 177 236 314
South Asia 67 79 100 154 237 329 457
East Asia 45 69 100 121 146 154 164
Latin America and Caribbean 45 70 100 118 140 149 159
World 64 81 100 116 135 148 163

Source: derived from Alexandratos and Bruinsma (2012)
Note: the units above are index numbers, based on 2010=100

in the top of the table represent the total amount of production of all food and non-food
commodities converted to an index number (with 2010 set to 100). Thus, this
includes products such as cereals, oilseeds, fruit, vegetables, meat, milk and eggs,
roots and tubers, as well as non-food products such as tobacco.

The information is presented using regions that are slightly different to
those shown earlier, but the link between population trends and food produc-
tion is quite clear. Production of food in developed countries, where population
growth is minimal, is only expected to increase by about 22 % by 2050. In
contrast, an increase of almost 150 % is expected in Sub-Saharan Africa and
increases of about 50 % or more are expected in all other regions. In addition
to the regional trends, these increases in production are likely to decline over
the next 40 years, with a lower growth rate (in percent) from 2030 to 2050
compared to the period 2010-2030.

The lower part of the table shows the projected production of one commodity —
meat — over the same time period. An important impact of rising incomes is that
people will increasingly be able to afford more expensive food products (such as
meat) in the future, so diets will change. This will have beneficial effects on nutrition,
but it will also increase the demand for natural resources such as land and water,
because production of meat is resource intensive compared to other types of food
(i.e. for a given level of calories, production of meat generally requires more land,
water and other inputs). As the bottom of the table shows, meat production is
expected to increase by even more than total food production in all regions except
developed countries and Latin America, with three or fourfold increases expected in
some places by 2050.
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Fig. 6 Trends and projections for the global area of arable land in use, 1990-2050 (Source:
derived from Bruinsma (2011))

Increases in agricultural production can be achieved in three main ways,
namely: increases in yields (production per hectare during one crop cycle);
increases in intensity of production (reducing fallow or unused areas and increas-
ing the number of crop cycles achieved in a year); and expanding the area of ara-
ble land. Historically, improvements in yields have contributed to most of the
increases in agricultural production (about 77 % of the total increase in global
production from 1961 to 2007), with increased cropping intensity and expansion
of agricultural land accounting almost equally for the remaining share. The two
main exceptions have been Sub-Saharan Africa and Latin America and the
Caribbean, where expansion of arable land has been more important (for further
details, see: Alexandratos and Bruinsma 2012).

The projections for food production have been combined with projections for
technological improvements (i.e. cropping intensities and yields) to produce projec-
tions of how much arable land might be used for agriculture in the future and these
are shown in Fig. 6. Overall, the global area of arable land is expected to increase
by almost 100 million hectares in the next 40 years, from 1,580 million hectares in
2010 to 1,675 million hectares in 2050.°

°Tt should be noted that the text above only refers to arable land. Other land used in agriculture
includes permanent crops, grazing land and land used for shifting cultivation. Including these, the
total area of land used for agriculture is 3—4 times greater than the area of arable land. However,
projections for future requirements for these other types of land are not currently available.
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These projections are consistent with the explanations of the driving forces
and land-use development paths described earlier. Thus, for example, increases in
food production in Asia are expected to be achieved by increases in yields and cropping
intensity (due to more investment in inputs, capital and better management), with
almost no expansion of arable land. In industrialised and transition countries, these
same improvements will actually expand production per hectare faster than the pro-
jected increase in total food production, leading to a fall in the area of arable land
required for food production.

The two regions where arable land is expected to increase are Sub-Saharan
Africa (with an increase from 220 million hectares to 300 million hectares from
2010 to 2050) and Latin America and the Caribbean (with an increase from 195
million hectares to 255 million hectares). In the case of Latin America, land expan-
sion is relatively more important because the potential to increased yields is limited
(i.e. yields are already quite high, because industrial-scale agriculture is already
well developed in parts of this region). In Africa, yields will increase, but they will
be limited by the availability of finance for investment in agriculture and they will
not be able to keep up with the huge increases in production expected in the future.

The projections above do include an expansion in production of biofuel feed-
stocks (oilseeds, sugar, cassava and cereal crops), but they only assume an increase
in production to the year 2020, then production held at that level for the rest of the
period. They also do not present any projections of the use of wood for bioenergy.
A more comprehensive study on bioenergy produced by the Word Bank (Cushion
et al 2010) shows that bioenergy production will continue to increase to 2030 (if
all current bioenergy targets are achieved) and scenarios by the IEA suggest that
production could continue to grow significantly after this if these policies are
continued (IEA 2012).

Figure 7 presents a projection for total primary energy supply (TPES) from
solid and liquid biofuels, from the analysis of Cushion et al. (2010) and an extrap-
olation to 2050. The amounts are shown in million tonnes oil equivalent (MTOE)
and one MTOE is equivalent to the energy content of about 3.8 million tonnes of
woodfuel (on average).

The figure presents a number of important features in the trends for current and
future bioenergy use:

* Declining traditional uses of wood energy: At present, most wood energy is
consumed in developing countries in the form of fuelwood and charcoal used for
cooking and, sometimes, for heating.!” This is very different to what is often
called “modern” uses of woodfuel, such as burning wood in power stations or
modern heating boilers. So-called modern uses of wood energy also include the
use of wood in sawmills and pulpmills for heat and energy generation (although
this is not a modern phenomenon and has been done for many years).

0Until recently, FAO statistics presented data about production of fuelwood and charcoal.
However, the data now is presented for woodfuel and charcoal. Woodfuel is the wood burned
directly for energy (what used to be called fuelwood) plus the wood used for making charcoal.
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based on IEA (2012). Note that these figures are for all biofuel and not just biofuels made from
wood. MTOE =million tonnes oil equivalent)

With rising incomes and urbanisation in many developing countries, growth
in traditional consumption of woodfuel is slowing, because people now have
greater access to other fuels (e.g. kerosene, bottled gas) in towns and cities and
the income to purchase these more expensive fuels. Current analyses suggest that
traditional use of woodfuel will not increase any more at the global level and may
even decline slightly in coming decades.

The one region that is an exception to this is Africa, where urbanisation will

not be accompanied by sufficient increases in income to encourage switching
to non-wood fuels. In Africa, people will switch from fuelwood to a more
convenient fuel, but this will be charcoal. Producing one metric tonne of
charcoal uses about 6 m* of wood (much more than if the wood was used directly
for energy), so woodfuel consumption is expected to rise dramatically in this
region in the future.
Increase in modern uses of wood energy: Until recently, most industrial users
of wood energy were in the forest products industry and growth in wood energy
use was largely a by-product of growth in the production of these products.
However, with the implementation of renewable energy policies and targets,
wood is increasingly being used in power stations either for co-firing with other
fuels or for use in facilities designed specifically for wood power generation.
In addition, installation of new, modern wood heating boilers has increased
significantly in the last few years.
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If these policies drive growth in consumption as expected, wood used in this
part of the bioenergy sector could double by 2020 (the target date for achieve-
ment of many of these policies) and may continue to increase by about the same
amount again by 2050. Taking into account that almost all of this bioenergy is
produced from wood, this use of woodfuel will become much more important
than traditional uses in the future.!!

* Use of wood for liquid biofuels: Agricultural crops are currently used for the
production of almost all liquid biofuels. However, a number of countries have
policies and programmes specifically to support and encourage the development
of liquid biofuels made from other types of biomass (usually wood, but also
including grasses and, sometimes, algae).

Liquid biofuel production is likely to double by 2020 then increase again (by
the same amount) over the period 2020-2050. The proportion of this that will be
produced from non-food crops is highly uncertain, but most governments seem
to be aiming for about one-third as a long-term ambition.

Out of all these development, liquid biofuels are likely to have most of an impact
on land-use change, because they are mostly made from agricultural crops. However,
not all of these changes will necessarily involve the clearance of forests for biofuels.
For example, Whiteman and Cushion (2009) showed that less than half of the addi-
tional land needed for biofuels might come from forests (about 45 million hectares)
and that 25 million hectares of this could be development of energy crops (i.e. non-
food biomass crops) that might include wood grown on short-rotations for this pur-
pose (see Table 7). Furthermore, their estimate did not include any assumptions
about increases in yield which, as shown by Alexandratos and Bruinsma (2012),
would also significantly reduce this new demand for land.

Assuming that yield and other productivity increases might meet half of the
growing demand for biofuels, it appears that maybe about 10 million hectares of
forest land might be converted to produce crops for biofuels by 2030 and another 10
million hectares for the period 2030-2050. Most of this conversion would occur in
tropical regions as a direct or indirect consequence of expansion of sugar and oil-
seed production.

Land required for the first period is already included in the projections presented
earlier (showing arable land increasing by about 100 million hectares from 2010 to
2050 — see: Fig. 6), so the second amount would be in addition to this and would be
required for the later years of this projection. In addition to this, 25 million hectares
of forest might be converted to energy crops by 2030 and the same amount in the

" Comparing FAO woodfuel statistics and IEA solid biomass energy statistics, it appears that wood
currently accounts for only about half of the traditional production of energy from solid biomass
(woodfuel production in 2010 was 1,880 million cubic metres, equal to about 500 MTOE). Other
materials used in this sub-sector include dung, crop residues and other forms of biomass. For heat,
power and own use, wood accounts for almost all production and the only other significant biofuel
used is bagasse. It is suspected that very little of this is captured in FAO’s current woodfuel statis-
tics because, until recently, most of this came from the unreported use of black liquor, wood resi-
dues and waste and very little came from forest harvesting.
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Table 7 Additional land required for biofuel production by 2030 (at current yields)

Potential land-use change and impact on forests (in million ha) by crop type
and type of land likely to be used

Existing Degraded Potential conversion
agricultural land land from forest to bioenergy use
Sugar Jatropha,
beet and Temperate cassava, Biomass Sugar Tropical Total for
Region cereals  oilseeds sorghum energy crops cane oilseeds all crops
Net biofuel
importers
North America 11.5 6.3 10.0 279
European 8.9 12.2 15.0 36.2
Union
East Asia and 1.0 5.2 5.9 1.4 35 17.0
Pacific
South Asia 6.8 0.4 7.3
Net biofuel
exporters
Europe and 3.0 3.0
Central Asia
Latin America 43 8.0 12.3
Africa 1.4 1.3 2.8 5.5
World 21.5 26.8 14.2 25.0 7.4 14.2 109.1

Source: Whiteman and Cushion (2009)
Note: the above figures assume no increases in yield

second period (2030-2050), although much of this might remain as intensively
managed forest plantations if that is the preferred option.

With respect to the use of woodfuel, additional annual production of up to 250
million cubic metres would be needed by 2030 to meet the expected demand for
liquid biofuels made from energy crops (depending on how much wood or other
types of cellulose are used for this). A second increase of a similar amount would be
required during the following two decades. However, a far greater expansion in
wood use is expected for heat and power generation. The projected increases shown
in Fig. 7, when converted from million tonnes oil equivalent (MTOE) to wood use,
amount to a new additional demand for about one billion cubic metres of wood in
each of the two 20-year periods. Some of this will be met from non-wood sources
and increased use of black liquor, but the majority is likely to come from increased
use of wood and fibre.

In addition to increased demand for woodfuel, production of other forest prod-
ucts will rise in the future as populations and economies expand, creating additional
demand for industrial roundwood. The last global projections of production and
consumption of forest products were published in FAO’s State of the World s Forests
2009 (FAO 2009). These have since been negated by recent economic events, but a
simple revision of the outlook for industrial roundwood production (also extrapo-
lated to 2050) is shown in Fig. 8.
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Fig. 8 Trends and projections for industrial roundwood production, 1990-2050 (Source: trends
and projections to 2030 derived from FAO (2009), with an extrapolation to 2050)

For both of the next two 20-year periods, production of industrial roundwood
might increase by slightly more than 500 million cubic metres, leading to a pro-
jected level of production in 2050 of 2.6 billion cubic metres, compared to the
current (2010) level of production of about 1.5 billion cubic metres. Europe is
expected to account for about half of this increase (mostly due to increased produc-
tion in the Russian Federation), with the Asia-Pacific region and North America
accounting for most growth in the rest of the World.

Coming to the last of the “Five Fs”, it is difficult to predict exactly how the
increasing demand for more forest conservation will affect forest resources. Schmitt
et al. (2009) have recently produced an independent analysis of forest protected
areas (based on satellite data), which shows that only 7.7 % of the World’s forests
are within protected areas in [IUCN categories I-IV. For a number of reasons (data
sources, definition of forest, date of the study), this figure is lower than the result
from the FRA, but it does suggest that more areas of forest might be put into legally
protected areas in the future. However, the FRA also showed that a much larger area
of forest is already managed for conservation (with or without legal protection), so
it seems likely that protected areas will mostly expand into these areas rather than
other areas that are currently used for production or may be converted to other uses.

A more important question for the future is whether increased demand for
biodiversity conservation will lead to broader measures that affect forests used
for production (either now or in the future). Protected species legislation can
result in large forest areas being taken out of production, as can stricter limita-
tions on areas that can be harvested (e.g. on slopes, near watercourses or in
particular forest types). More general conservation measures (e.g. requirements
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for environmental impact assessments and other planning measures) can also
increase the costs of wood production, making some areas less economically
viable for production. In some cases, countries may also simply choose to ban
all production in certain types of forest (e.g. logging bans in natural forests,
which are quite common in some regions). What does seem likely is that current
forestry policy and management trends are likely to continue, discouraging har-
vesting in natural forest and pushing countries towards relying more heavily on
planted forests for future wood production.

4.3 Future Scenarios for the Global Forest Area

Constructing projections for the future area of forests in the World is difficult
because of the complex forces driving land-use change and the limited availability
and quality of spatially referenced data on land-use, soils, climate, population and
other relevant variables. Furthermore, compared to producing projections for pro-
duction and consumption, it is more difficult to model land-use change in a deter-
ministic way. Thus, most attempts to project land-use change have tried to combine
various spatial models (for population, economics, trade, climate, land use, etc.) and
use a range of possible changes in underlying variables to produce different sce-
narios for the future (see, for example: PBL 2012).

The three most recent global outlooks for land-use change have been produced
for the Millennium Ecosystem Assessment (MEA 2005), the fourth Global
Environmental Outlook GEO-4 (UNEP 2007) and the OECD Environmental
Outlook (OECD 2012). Although all three of these studies used different definitions
of forests and different land-use data sets, they all produced projections of forest
area to 2050 under a variety of different scenarios. The projections from these three
studies are shown in Fig. 9, with the forest area figures from each of them converted
to an index number (2010 =100) for comparability.

The nine scenarios presented in Fig. 9 show some significant differences in
terms of the forest area expected in the future. The OECD projection shows a forest
area in 2050 about 6 % higher than at present (equal to an additional 230 million
hectares, based on the FRA estimate of total forest area in 2010). The MEA sce-
narios range from an increase of 4 % to a decrease of 3 % (+170 million hectares
to —100 million hectares), with three of the four scenarios suggesting that forest
area will increase. The GEO-4 scenarios are all much more pessimistic about the
future, showing a decrease in forest area of 2—-16 % (or a loss of about 90-660
million hectares).

Despite these differences, all of the scenarios also show some similarities. For
example, they all suggest that the forest area in Europe, North America and the
Asia-Pacific region is likely to stay roughly constant or increase in the future and
that most deforestation will occur in Africa and Latin America. The MEA and
GEO-4 scenarios also show how changes in assumptions about policies can have
significant impacts on land-use change.



Global Trends and Outlook for Forest Resources 205

120

— OECD Environmental
Outlook

-+ MEA Adapting
Mosaic

—

100 —ly_— = 3
& | -=- MEA Global

N Orchestration
-o- MEA Techno Garden

(e
S

-+ MEA Order from
Strength

GEO-4 Security First

N
S

GEO-4 Markets First

Global forest area (2010 = 100)
3

GEO-4 Sustinability
First

<+~ GEO-4 Policy First

(3
(=]

0
2010 2015 2020 2025 2030 2035 2040 2045 2050

Fig. 9 Scenarios for future forest area, 2010-2050 (Source: derived from OECD (2012), UNEP
(2007) and MEA (2005))

One of the main differences in the scenarios is the extent to which afforestation
and forest restoration appear in the future. For example, the OECD projection
suggests that deforestation will slow in most tropical countries over the next 10-20
years and that the expansion of forest plantations will increase in the future in tem-
perate countries and places such as India, Brazil and China. This leads to the high
projected increase in global forest area over the next four decades. A similar devel-
opment occurs in the higher projections from the MEA. In contrast, expansion of
forest plantations is not a major factor in the GEO-4 projections, suggesting that
their projection model does not include a strong link between economic growth and
forest plantation expansion.

From the scenarios presented above, it is difficult to get a clear idea of exactly
how much forest there might be in the future, although it looks like there will prob-
ably be less forest in Africa and Latin America and more forest in the rest of the
World (or at least, about the same amount as now). This general impression is also
consistent with the historical trends reported in the FRA and the projections for
arable land shown earlier.

Another important message from these scenarios is that continued deforestation
in tropical countries is no longer as certain as it once seemed, with four out of the
nine scenarios suggesting that forest area might actually increase in the future. The
uncertainty here will be whether the socio-economic drivers (rising wood demand
and falling rural populations) will be sufficient to overcome some of the current
obstacles to afforestation and reforestation. Improvements in governance, land ten-
ure and other factors enabling investment would seem to be crucial in this respect.
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4.4 Some Final Thoughts About Forest Management
and Use in the Future?

The analysis presented here confirms the statements in the introduction to this chap-
ter that the demands placed upon forests are expanding in terms of both the quantity
and variety of benefits that people expect to obtain from forests. Many of the impli-
cations of this for forest management and use have been described in the previous
sections on driving forces and outlook. This final section presents three broader
implications for consideration by stakeholders in the sector.

Intensity of forest management: The projections for forest product demand sug-
gest that woodfuel consumption might increase by about half in the next four
decades and industrial roundwood consumption may increase by about two-thirds.
Increases in demand for other forest benefits can not be estimated precisely, but the
growth in global population alone suggests that they might also increase signifi-
cantly. At the same time, most projections of forest area show a decline or, at best,
a very modest increase in forest area in the future. Thus, in order to satisfy these
demands, the intensity of forest management will have to increase.

The challenge here will be to adapt forestry policies and management techniques
to intensify management in ways that are sustainable and economically viable. For
wood production, some fairly clear strategies are already available and well-tested
(e.g. establish more forest plantations and increase recovery and recycling of wood
and fibre). Furthermore, to a large extent, developments such as these will occur
naturally in the future, being driven forward by market forces. However, when it
comes to increasing the intensity of forest management for other social and environ-
mental benefits, the techniques and strategies that can be employed are not so clear
and their effectiveness is far less certain.

For example, in the case of biodiversity conservation, the most common approach
currently used by many countries to meet this demand is simply to increase the area
of forests in legally protected areas. Indeed, there is a specific, globally agreed tar-
get to do this. Taking a similar approach, conservation measures used in other forest
areas are also often focused on restricting activities to protect biodiversity (although,
in some cases, countries find it difficult to enforce these rules). While these
measures no doubt, in principle, go some way towards helping to conserve biodiver-
sity, they are not the same as actively and intensively managing forests to increase
biodiversity. Some developed countries have the knowledge and resources to take a
more active approach to biodiversity conservation in forests (and are doing so), but
many other countries lack this capacity and, unfortunately, these are often exactly
the places where demands for more biodiversity conservation are highest.

With other more easily measured environmental factors (such as carbon and
water), scientific knowledge about how to manage forests for these outputs is more
advanced. However, there is still probably quite a long way to go before this knowl-
edge can or will be applied in the field in many countries. In particular, the benefits
of storing carbon in forests and wood products are relatively easy to understand and
measure, but only a limited number of options are widely discussed at present, clear
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management prescriptions are not generally available and incentive structures are
not yet in place to make a significant difference to current practices.

In the social dimension, the situation is a little better, because many countries
have a lot of experiences of different approaches and techniques they have used to
try to increase the social benefits provided by forests. Of course, many of these
benefits are highly context-specific and their production probably depends as much
on local socio-economic situations as it does on how forests are managed. However,
beyond a few general prescriptions (e.g. increase access to forests, strengthen tenure
and local governance), there has not really been a systematic assessment of the link-
ages between forest management and policies and the delivery of these benefits.

If the forestry sector is to meet the growing expectations of society for more for-
est benefits, then some of these challenges will have to be overcome, particularly if
public funding is required to invest in production of some of these benefits. This will
require not only better management of forests for these benefits, but also better com-
munication of the results. If not, the sector will continue to remain vulnerable to
developments in other sectors and will fail to achieve its potential to contribute to a
more sustainable future for the World.

Managing the forest transition: The text earlier described forest transitions in
terms of forest cover and deforestation rates, but a broader transition is also tak-
ing place (at least in many developing countries) and this is the increasing
importance of economic or commercial factors in decisions about land-use and
land management. As shown in Fig. 4, commercial agriculture is becoming rela-
tively more important as a driver of deforestation, so the sector will have to
adapt to this. In particular, forestry administrations in many places may have to
start placing less emphasis on defending forests from shifting cultivators and
focus more on developing forest land-use plans that justify why areas should not
be converted to other uses.

With the expected developments in agriculture and food production, some forest
clearance in the future will be inevitable and desirable. More intensive forest man-
agement for wood production will also result in changes in forest characteristics
(i.e. more forest plantations). Thus, it will become increasingly important to iden-
tify the management objectives for different forest areas, so that planned and ratio-
nal land-use change can take place. As recent experiences in Brazil have shown
(The Economist 2012), attempts to try to formalise and rationalise land-use change
are likely to be publicly and politically sensitive, but many more countries are likely
to have to face these challenges in the future.

A related issue is that increasing the commercial benefits from forest manage-
ment is likely to become even more important in the future if forests are to compete
with other land-uses. This means that forestry stakeholders will have to explain
more effectively how using wood creates value for forests and helps to protect them
(rather than destroy them), as well as supporting rural livelihoods. It also means that
forests and forest management will have to deliver more local economic benefits to
the people living in and around forests, not only as a social benefit but as an incen-
tive to keep land under forest cover.
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This transition to more commercial landscapes will also present a number of
opportunities for the forestry sector. For example, many different types of land will
be unsuitable for commercial agriculture (e.g. steep slopes, stream banks, rocky
areas) and it is likely that many commercial landowners may be interested in plant-
ing trees as an additional business to use their spare land. For generations small-
scale tree planting on farms has been common in Europe and North America (for a
variety of reasons) and, more recently, tree planting for wood production has accel-
erated dramatically in places such as India and China. In a similar way, with smaller
rural populations and less shifting cultivation, there may be much more potential in
some places to promote forest restoration. If these opportunities can be identified,
forestry administrations could play a very positive and active role in supporting
such developments in the future.

The outlook for forest resources in Africa: One final observation concerns the
outlook for forest resources in Africa. While much of the analysis above has shown
some remarkable similarities between regions, Africa is notable as the one global
region that has a very different socio-economic outlook. Here, the population is
expected to continue to grow quite rapidly in the future. It will also remain quite a
young population, but with relatively low income and a significant number of peo-
ple remaining in rural areas. In addition, despite having rather abundant forest and
land resources, the projections for production of food and forest products suggest
that Africa is still some way from achieving its full potential.

Here, the outlook for forest resources is much less predictable, but it seems likely
that the need to demonstrate local economic benefits from forest management will
be more important than elsewhere, if forests are to compete with other land uses.
Furthermore, given the huge demands that will be placed upon governments to pro-
vide public goods and services to these fast-growing populations, the dominance of
the public sector in the control and management of forest resources looks likely to
become increasingly untenable in the future.

If forests and forest management in Africa are to progress towards meeting their
full potential, it may be necessary for forest policies and institutions there to create
more space for small-scale, private-sector development within the sector. Already,
some countries have made significant progress with community forestry and small-
scale enterprises for production of non-wood forest products. A number of countries
have also shown how partnerships between large companies and small-scale pro-
ducers can be successful (in agriculture, forestry and plantation crops). Building
upon these successes and replicating them in other countries may be the best way to
generate local economic benefits and support forest management in the future.
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Save the Forests: Use More Wood

William Ronald James “Wink’’ Sutton

Abstract Wood, either as a fuel or as an industrial product, is and always has been
one of the world’s most important raw materials. However, wood is almost always
ignored in any evaluation of global resources. More wood is used globally than
wheat, maize or rice for instance.

In 2010 the world harvested just over twice as much wood as it did in 1920.
However, over those 90 years the global population has increased almost fourfold so
the per capita wood consumption has almost halved This is despite wood being both
renewable and sustainable as well as requiring little energy for its conversion into
products.

In spite an over a century of predictions of a global wood famine, the world’s
supply of wood has increased and could even be slightly increased further.

Tree growing requires at least 20-30 years before they are large enough to be
harvested. We can only return to the per capita consumption levels of 1920s if there
is a huge investment (many tens or even hundreds) of billions of dollars, even
without allowing for compound interest) in plantations of fast growing tree spe-
cies. Only pension funds and large companies have the scale as well as both the
vision and the financial resources to invest in such a long term, capital intensive
industry as forestry.

The well meaning global environmental movement is often opposed to forest
harvesting, even where the forests are responsibly managed. This is a totally
misguided belief as trees are living organisms. Locking up forests and preventing
forest management is a sure way of ensuring forests will eventually collapse (often
with tragic consequences — e. g. a major fire). All forests are very capable of
recovering from a catastrophic disaster (forest clearance, mega-fire, volcanic
eruption, etc.). If forest preservation is the objective, the best means of achieving
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this is with responsible management and tree harvesting. Many environmentalists
also are opposed to plantations, especially those of introduced tree species, but
these can be very productive and unlike natural forests are likely to attract funding
and be self-financing thereafter.

Forest harvesting is often portrayed as deforestation, but we have the apparent
paradox that those countries with the greatest wood harvest also have the least
deforestation (Europe and North America).

Is there any product that is more renewable, more sustainable, and more environ-
mentally friendly, than wood?

1 Introduction

Over the last 100 years the global population has grown from 1.8 billion in 1910 to
almost seven billion in 2010. The global population is predicted to exceed nine bil-
lion within the next 40 years. Understandably, everyone wants to enjoy a lifestyle
similar to those in developed countries.

The world is almost certainly approaching the supply peaks of not just fossil
fuels (except coal) but almost all resources, if they have not already been passed —
i.e. peak everything (Heinburg 2010). It is impossible for a population of seven,
let alone nine, billion to go on consuming non-renewable/non-sustainable resources
at the present rate. Meadows et al. in their 1972 book Limits to Growth were among
the first to raise global awareness that the 1970s level of consumption was unsus-
tainable. Since then there have been increasing concerns about the coming energy
and material shortages, as well as questions about the sustainability of a system
based on increasing economic growth. Most impressive is the detailed research by
Jeremy Grantham of GMO (a global investment management firm). Grantham
“concludes that the world has undergone a permanent “paradigm shift” in which the
number of people on planet Earth has finally and permanently outstripped the plan-
et’s ability to support us....[TThe phenomenon of ever-more humans using a finite
supply of natural resources cannot continue forever — and the prices of metals,
hydrocarbons (oil), and food are now beginning to reflect that”. In other words, as
Grantham says, “...it is different this time”. Later he wrote a paper “We’re Headed
For A Disaster Of Biblical Proportions”. Other commentators are not so pessimistic
e.g. Gilding in The Great Disruption (2011).

2  Wood Is a Major Commodity

Wood and forestry is usually excluded from any study of global resources. This is
hard to credit as more wood is still used, and always has been, than any of the major
food items or industrial products (steel, plastics, aluminium). A greater weight of
cement is now used than wood, but nearly 60 % of the world’s cement production is
currently produced in China (as is 45 % of the world’s steel production). Annual
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Table 1 Annual global production of wood, food and industrial products for 2000 and 2010

Wood (millions of Food (millions Industrial products
cubic metres or tonnes) of tonnes) (in million of tonnes)
2000 2010

3

Product m Tonnes m? Tonnes Product 2000 2010 Product 2000 2010

Industrial 1,603 721 1,537 692 Maize 592 844  Cement 1,560 3,400
wood Wheat 586 651  Crudesteel 850 1,428
Fuelwood 1,807 813 1,868 841 Rice 599 672 Plastics 180 269
Potatoes 327 324 Aluminium 21 27

All wood 3,410 1,534 3,405 1,532

Sources: FOA and/or International Organisations
Wood cubic metres converted to tonnes assuming an average dry specific gravity of 0.45
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Fig.1 2010 Annual global production (in 000 of tonnes)

production for the years 2000 and 2010 of the major food items and the major indus-
trial products (including wood) are given in Table 1 and, for 2010 only, Fig. 1.

We are fortunate to have long trend data of global wood production going back
to 1920. For that year the USDA Forest Service (Zon and Sparhawk 1923) assem-
bled a detailed and comprehensive global study of wood production of both fuel-
wood and sawlogs (in 1920 sawlogs were by far the dominant end-use of industrial
wood). Since the late 1940s FAO (UN Food and Agriculture Organisation) has com-
plied annual wood production statistics. Global wood production data from the
1920 to 2010 are given in Table 2 together with the global population and per capita
consumption trends. The trends in harvest levels are presented in Fig. 2. The trends
in per capita consumption is presented in Fig. 3.
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Table 2 1920-2010 Global population (in billions), Wood harvest (in billion m? per year) and per
capita consumption (in m® per person per year)

Global Total wood

population Industrial wood Fuelwood consumption
Year  (Inbillions) Harvest Percapita  Harvest Percapita  Harvest Per capita
1920 1.86 0.74 0.40 0.85 0.46 1.59 0.85
1950  2.52 0.72 0.29 0.70 0.28 1.42 0.56
1960  3.00 1.03 0.34 0.76 0.25 1.79 0.60
1970  3.65 1.28 0.35 1.54 0.42 2.82 0.77
1980  4.45 1.45 0.33 1.68 0.38 3.13 0.70
1990  5.29 1.70 0.32 1.83 0.35 3.53 0.67
2000  6.04 1.62 0.27 1.81 0.30 3.43 0.57
2010  6.89 1.54 0.22 1.87 0.27 3.41 0.49
4.0
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Fig. 2 1920-2010 Annual global wood harvest (in billion of m?®)

Our use of wood (per capita consumption) was high in the 1920s (when the
global population was less than two billion), reached another peak through the
1960s to 1990 and has since declined, especially in the first decade of the twenty-
first century. In 2010 the world consumed, on a per capita basis, for both fuel-wood
and industrial wood, almost half as much wood as we did in 1920.

There is little doubt that the world is heading for major material supply prob-
lems. Energy is a very major problem — if there is an endless supply of very cheap,
renewable and sustainable energy we can do almost anything — grow tomatoes at the
poles, extract essential minerals even at very low concentrations, desalinate saltwa-
ter, etc. Other than geothermal or atomic energy, our only renewable energy source
is the sun. How then is the best way to utilise the sun’s energy? Wind, hydro, wave,
photovoltaic methods are often advocated. Almost always overlooked are forests, or
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Fig. 3 Global per capita wood use 1920-2010 (m? per person per year)

more specifically, wood. A 100 year old tree contains 100 years of stored solar
energy. Bio-energy has been advocated, but wood has much more to offer the world
than just energy — it is far more logical to use energy efficient and environmentally
friendly solid wood products to displace the use of other fossil-fuel intensive alter-
natives (Sutton 2010), and to then use the arising wood residues for pulp, reconsti-
tuted wood products or energy production. Because solid wood offers so much, it
should be used to replace the use of metals, concrete and plastics wherever possible
(other than those made from wood residues).

3 The Ability of Trees to Absorb Carbon Dioxide
Is Only Temporary

Because wood is little more than water and carbon dioxide, the potential of the for-
est to sequester of atmospheric carbon is often seen as an important contribution
(helping to mitigate climate change). However, any carbon sequestration by forests
is only temporary — forests cannot be net sequesters of carbon for more than a few
decades, centuries at best. The exception is where wood is converted to biochar and
incorporated into the soil. The carbon is therefore sequested for at least 1,000 years.
All trees are living organisms and as such they must eventually die. When this hap-
pens, most of a tree’s sequested carbon will eventually be released back into the
atmosphere. Wood recycles atmospheric carbon dioxide, whereas the use of fossil
fuels permanently adds carbon dioxide to the atmosphere. It is far more logical for
the world to substitute energy intensive materials such as metals, concrete and plas-
tics with energy efficient and renewable wood products. If wood is incorporated into
structures or buildings that last decades or even centuries, the carbon they contain
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will not be is not released back into the atmosphere until they are finally burnt or
decay. Thereby buying the world valuable time for further weaning itself off its cur-
rent addiction to fossil fuels.

4 The Future Wood Supply Is Predictable

It is not generally appreciated that, since they take at least 25 year to mature, unless
grown in plantations on very short rotations crops for chipping for pulp, bio-energy,
reconstituted wood products, etc. as with Eucalypts for instance. Other than any
thinnings any tree now being harvested originates from previously unharvested for-
ests or from a forest planted or otherwise regenerated at least 25 years earlier. It
follows that almost all the trees that could be harvested within the next 20-30 years
are already growing. Since tree growth rates, especially for plantations, are well
known, we are able with a fair degree of confidence, to predict possible harvest
levels for the next 20 years, which is not something that can be done for most agri-
cultural crops. Several predictions of the possible future wood harvests have been
published — not surprisingly they are very similar. One of the more recent is the
2006 study by New Zealand’s Scion (Turner et al. 2006). Given that any new planta-
tion establishment will not increase global solid wood supplies for at least the next
20-30 years, it follows that the wood supply cannot be significantly increased at
least for the same period. The global wood harvest in the next 20-30 years could
only increase if there is more exploitation of previously unharvested forests. The
writer is not aware of any proposals to do this, but there is major environmental
pressure to reduce harvesting in these forests (e.g., the Australian greens are pro-
posing to stop all harvesting their indigenous eucalypt forests). This means that
globally there may be less wood available for harvesting than predicted.

The Scion projections of future wood harvest (which presumably includes wood
from previously unharvested forests, regenerated and managed native forests and
plantations, are summarized in Table 3.

Although the maximum global wood supply can be predicted we cannot predict
future wood demand with the same degree of confidence. Consequently, few predic-
tions have even been attempted, especially in the last decade. Because wood is a
major (and possibly the only) raw material that is not only energy efficient, but also
renewable and sustainable it is very likely that it might well be desirable to increase

Table 3 Scion (2006) projected global wood harvest
(in billions of m?)

For the years

End-use 2010 2020 2030
Fuelwood 1.91 2.06 2.18
Industrial 1.88 2.33 2.93

Total 3.79 4.39 5.11
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Table 4 Estimates (in billions of m?) of global wood use (assuming per capita wood use of 1980
and 1920)

For a global population
Per (in billions) of
Base year End use capita (m?) 7 8 9
2010 Fuelwood 0.27 1.89 2.16 2.43
Industrial wood 0.22 1.54 1.76 1.98
Total 0.49 343 3.92 4.41
1980 Fuelwood 0.38 2.66 3.04 342
Industrial wood 0.33 2.31 2.64 2.97
Total 0.66 4.97 5.68 6.39
1920 Fuelwood 0.46 3.22 3.68 4.14
Industrial wood 0.40 2.80 3.20 3.60
Total 0.86 6.02 6.88 7.74

the use of wood in future, and by implication the future demand for wood also.
Recently, there have been major advances in wood construction technology —
houses, apartments, buildings up to at least 30 floors, small bridges, large ware-
houses, airport hangers, impressive public structures, etc. Wooden buildings are
generally much “safer” than those built with concrete and steel, as they are far less
likely to collapse in major earthquakes. Because a wooden building has only about
a fifth of the weight of is its equivalent in concrete and steel there is also less need
of extensive foundations. Confirmation of the environmental friendliness of wood
comes from a just published USA review (Ritter et al. 2011).

While we cannot predict the future wood demand with any certainty. We can
make estimates based on past wood consumption levels. In Table 4 consumption
estimates for a global population of 7, 8, and 9 billion assuming that the population
uses as much wood per capita as was used in 2010,1980, and 1920.

Further discussion in this chapter is limited to only industrial wood, because
although fuelwood may become very important as an energy source, it will be cov-
ered by other chapters and requires very different forest management techniques.
High per capita fuelwood use tend to be in countries that are not major industrial
wood producers. Bio-energy, wood pellets, etc. are included in the totals for
Industrial wood, however.

In Fig. 4 estimates of future consumption (for industrial wood only) for per
capita consumption levels of 2010, 1980, and 1920 and assuming a global popula-
tion of eight billion, are compared with Scion’s supply predictions for 2020. The
conclusion is that if the world continues to consume wood at the level it did in 2010
there will be no foreseeable wood shortage. However, if there is major increase in
wood demand, which is likely or at least possible, there could be serious supply
problems that would take many years to rectify.

The 2006 Scion projections of wood yield also include projections for 2010. That
prediction was that 1.88 billion cubic meters of industrial wood would be available
for harvest, while the actual global industrial wood harvest was only 1.54 billion
cubic meters. In other words nearly 0.35 billion cubic meters of wood available for
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Fig. 4 Projected global industrial wood demand assuming a population of eight billion and per
capita consumptions of 2010, 1920, and 1920 with the Scion supply projection for 2020

harvest but was never actually harvested. This implies an oversupplied market and
possibly low wood prices. Certainly low wood prices have been experienced in
many markets. Low wood prices have very serious implications for future wood
yields, as forests are already often seen as a poor investment option, further weaken-
ing the incentive to invest private or public capital in new plantations. But a sudden
increase in wood prices is unlikely to be sustained, as an over supplied market
implies that there is a wood surplus. Fortunately forest owners have some flexibility
when it comes to tree harvesting, (an option that is not usually open to agricultural
producers) for when prices are depressed, they can often delay harvesting without
serious financial consequences for several years in the hope of more favourable
times. If wood prices begin to increase, there is likely to be a flood of wood into the
market, so depressing prices again unless and until there is a significant and perma-
nent increase in the overall volume of wood consumed. That will have the effect of
enabling a sustained increase in wood prices.

5 Forests Are Not Only Very Expensive but They
Are Also Very Capital Intensive

Very few outside (and even many of those within) the forestry industry are aware
that production forestry including plantations, is much more capital intensive as
measured by investment per employee, than industries that are typically regarded as
being capital intensive, such as aircraft manufacture, railways, pulp and paper mills,
etc. (Fenton 1970). Even though their actual management costs may be low, their
generally slower growth rates, lower yields and longer rotations means that
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managed indigenous forests are even more capital intensive than intensively
managed fast growing plantations. The reason is that most of the capital cost is
interest. For fast growing plantations, McKenzie (1991, personal communication)
commented that “the capital value of a production forest will exceed that of all the
utilisation capital put in place to use the log out turn.”

Much depends of course on what interest rate is used. By way of illustration — let
us assume a forest in Siberia has just been harvested and although the forest is be
naturally regenerated we have just one initial inspection at a cost of $10 a hectare.
There are to be no further costs, no additional management costs, no fire protection,
no administration costs, but that initial $10 cost is to remain unpaid until the regen-
erated forest is eventually harvested. This could be in 150 years time. At just 1 %
interest that $10 compounds up to a charge of $44 —at 2 % and 5 % it becomes $195
and $15,000 respectively! The interest rate charged is usually higher than 1 %. Even
if that $10 had been invested in establishment of fast growing plantations on a 25 or
35 year rotation then at 5 % that initial $10 investment at maturity would have com-
pounded to a charge of $34 and $55 respectively. In practice early development
costs are often ignored or written off (or subsidised) but those costs are still real and
should be treated as such. The value of the forest at harvest time is a critical factor.
If a forest (including a tree plantation) is perceived to offer low returns at final
harvest it is doubtful if there will be much interest in investing initially in such a
venture. Investors in forestry do so because they perceive that their investment will
reward them when the tree crop is finally harvested. If there is a perception that the
crop will have a low value at harvest time there will be few investors. Current wood
prices are at or are near an historic low and currently there is little new investment.
In some countries little or no value is placed on managed indigenous forests. Any
costs are simply absorbed into the economy.

The future of wood might be very bright but the current low wood price is a major
global disincentive to forest or plantation investments. Governments might have a
perception that there is an urgent need for a greater wood volume in the future but as
most Governments are heavily in debt they are most unlikely, unwilling or unable to
put money into such a long-term capital intensive investment such as forestry.

How much investment money are we talking about? Almost certainly many tens,
possibly hundreds, of billions of US$. The Republic of Congo recently announced
proposals to seek “donor and international investment of US$2,600 million across
1 million hectares”. A total investment of US$2,600 /ha over the life of a plantation
is comparable with direct costs (i. e. without any compound interest charges) for fast
growing plantations in countries such as New Zealand. The Congo proposal (which,
if it happens, will only increase the global supply of industrial wood by 1-2 %) has
been criticised by environmentalists because they claim these plantations will be
low yielding, sequester significantly less carbon as well as supporting less biodiver-
sity. Claims that are not supported by experience in other countries.

Plantations and managed indigenous forests require such huge long-term invest-
ments that only large companies or pension funds have both the necessary financial
resources as well as the long term vision required. However, that investment will
only be forthcoming if it is perceived that the investment will be profitable.
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Unless there is a great increase in the per capita use of wood there will not be a
wood supply problem in the short term (say the next 20 years). But beyond that
there could very serious supply problems that would then take many years to
rectify. To ensure future wood supplies, the world needs to greatly increase its
investments in forestry and forestry related enterprises. But the world faces a
dilemma: An increased investment in forestry may be required but the benefits of
this won’t be felt for 20-30 years, that may well cause the price of wood to increase
over the short term.

6 But Shouldn’t We Now Be Experiencing
a Global Wood Famine?

Over a Century ago in 1908 President Theodore Roosevelt declared to a White
House Conference of Governors: “We are on the verge of a timber famine in this
country...” (Clepper 1967). Admittedly, Roosevelt confined his claim to the USA,
but parallel global claims have often been made both before and since. But, as
shown in Table 2, the world is currently using at least twice as much wood as it did
in the 1920 (we have no estimate of how much wood was actually consumed in the
1908 but it would probably have been less than that used in 1920). Current projec-
tions are that will be no wood famine for at least the next 20 years, although this
assumes that there will be no major increase in wood use over this time period.
The reasons advanced for there being not being a global wood shortage are:

Improved economic factors mean that we can now harvest trees that were once con-
sidered unmerchantable.

Responsible and improved forest management.

An increased wood supply from plantations.

We can now process trees that were once considered either too small or were of
an undesirable species. Access around the world has greatly improved and we can
now profitably harvest trees on sites that once were considered so remote that profit-
able harvesting was not possible. We can therefore profitably utilise a greater vol-
ume of the standing inventory of wood and this acts as a buffer against short term
demand — sometimes at the cost of the indigenous forest.

Forests are probably better managed than 100 years ago. Most forests, especially
those in countries with advanced economies, North America, Europe, etc., are
responsibly managed and most forests are managed on a sustained yield basis.

Plantations whether of indigenous or introduced tree species are increasing
important. FAO (Carle and Holmgren 2008) estimates that plantations currently
supply about 35 % of the industrial wood supply, but my own estimate is that the
plantation supply, especially for saw and peeler logs, is less than the FAO predic-
tion. The reason there is so much interest in plantations is that they are generally
much more productive than indigenous forests. The native forests of the Amazon
have a greater average standing volume of wood than most other tropical forest (120
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cubic metres per hectare of trees greater than 30 cms DBH). However, less than
10 % (i. e. less than 12 cubic metres per hectare) consists of “high value” tree spe-
cies (FAO 1997). Plantations, however, can be expected to grow at least twice this
volume every year. Not only are plantations much more productive globally but
there is very little evidence of any decline in productivity with subsequent rotations
(Evans 1999).

However, although such developments have been important, they almost
certainly cannot account for the subsequent major increase in tree harvest volumes
that have been achieved over the past 90 years. For all of the last 50-60 years the
global tree harvest has been at least double that when President Roosevelt made his
prediction in 1908. Assuming there is no great increase in per capita wood con-
sumption, then it is unlikely that we would face a critical wood famine for at least
the next 20-25 years.

As these factors are unable to explain why the increase in the wood harvest has
not resulted in a global wood femine there must be another contributing factor(s).

The present environmental movement have portrayed, and continues to portray,
the harvested forest as the equivalent of “deforestation” and therefore incapable of
recovery. The early conservationists such as the those foresters that influenced
President Roosevelt also considered that poor harvesting not followed by careful
forest management results in forest degradation.

7 Forests Have a Remarkable Ability to Recover
from Catastrophe

Before giving examples of forest recovery following large catastrophes, it is rele-
vant to recall the work of E.W. Jones in the mid 1940s.

The concept of what is a “virgin” forest appears to vary. Some are of the opinion
that past human interference should always have been totally absent. Others claim
that as long there has not been any attempt to modify the forest (even though there
may have been some tree utilisation) it still can be regarded as “virgin”.

E. W. Jones (a lecturer in silviculture at the Oxford School of Forestry) was a
passionate supporter of Selection forestry (a mixture of species and age classes as
practiced in Switzerland and France — the equivalent of the current “continuous
cover forestry”). In the 1940s Jones evaluated the few European forests that had not
been “devastated or changed by man”. Because there were so few examples of
untouched European forests, Jones extended his study to include North America. In
the northern, central and southern USA there were few “virgin” forests left but there
were still large areas left in the west. Jones, much to his surprise, observed that ...
all aged forests with irregular canopy answering to the forester’s picture of ‘selec-
tion forest’ type appear to be rare”. Jones records that most of the “virgin” forests
were even-aged monocultures or near monocultures. Jones reasoned that the prime
cause of the resultant forest structure was fire — caused by lightening strikes. My
interpretation of these observations by Jones is that “virgin” forests ultimately end
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in catastrophe, such as by fire, insect outbreaks, hurricanes, volcanic eruptions, etc.
Jones concluded that the concept of climax vegetation is ““... a concept only, never
existing in practice...” (Jones 1945).

Over millions of years forests have experienced countless catastrophes, and so it
is therefore not surprising that natural forests are exceptional in their ability to
recover. To illustrate the ability of forest to recover from a catastrophe I will give
just three examples:

* In the nineteenth century there was massive forest clearing in the USA — in the
North-East for farming and in the South for cotton growing. From early in the
twentieth century many of these cleared and farmed areas began to be aban-
doned. Even without any deliberate tree planting efforts, almost all of that aban-
doned land has now reverted to forest. For example: in the first 50 years of the
nineteenth century the State of Massachusetts was reduced to 25 % forest cover:
today forest covers 85 % of the state. In the Southeast USA abandoned farms
were invaded by Southern pines to create a huge forest resource that now accounts
for more than half of the USA’s wood supply. The Eastern USA has also been
subjected to periodic hurricanes — not just in the southeast but also in the north-
east. For example, the great New England Hurricane of Sept 1938 killed 600
people and destroyed 25,000 homes.

e Over 2 days -August 20 and 21 in 1910 — 3 million acres (one and a quarter million
hectares) — an area the size of Connecticut of forest in North-eastern Washington,
northern Idaho and western Montana was engulfed in the mega-fire, which
also killed 87 people plus countless forest wildlife Pictures taken after the fire
show a desolate landscape completely devoid of anything living above ground
(Anon 1987). The recovered forest is now abounds with wildlife — black bears,
moose, elk, deer, mountain goats, wolverines, cougars and wolves. So com-
plete has been the recovery that there has been increasing pressure since 1980
for about 275,000 acres (12,000 ha) to be declared the Great Burn Wilderness
area, and yet 100 years ago the original forest cover was totally destroyed.

* Onthe 27th August 1883 the volcanic Island of Krakatau (between the Indonesian
Islands of Java and Sumatra erupted and expelled 21 km? of ash (an explosion
7-10 times greater than the volume expelled by Mt Helens in May 1980). The
explosion was heard nearly 5,000 km away and it generated a 40 m tsunami that
was recorded in tidal gauges 7,000 km away. Raup (1991, p. 152) records that the
eruption put so much (debris, ash and aerosols) into the atmosphere “... that the
effects were noticeable for several years. The global temperature dropped by a
few degrees ...” The resulting tsunami killed over 30,000 people and wiped out
165 coastal villages. No living organism on the island survived. Yet today the
Island is covered with a dense canopy of trees. Inventory assessments show that
so far only about 10 % of the original tree species have returned (80 species
compared with an expected 800—1,000 species in “non-disturbed tropical forest™).
But Krakatau is an island and little more than a century is probably too short a
time for all original tree species to become re-established. Also, much of the
neighbouring mainland area was also devastated.
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Where there has been total forest destruction (and even forest clearance with
agricultural use for a century or longer) forest cover will soon be restored once the
area is left alone.

Far less destructive to the forest is tree harvesting. The environmental move-
ment is very keen to publish photographs of recently logged forest. To the inexpe-
rienced eye the logged site can look like a disaster area. But give the site a few
years and the site is green with healthy regeneration. Planting the site can hasten
the recovery process. I once heard an agriculture speaker comparing livestock
farming with forest harvesting. He was grateful that the farmer need only show
cows grazing in green fields followed by steaks frying. This negated the need to
display in public the animal slaughter and the cutting up of the carcass. If the pub-
lic were constantly reminded of the slaughter process there might be less meat
eaters. Forest owners are not so fortunate as forest clearance is very visible and
may initially give the impression that an environmental disaster has been perpe-
trated that will never recover.

The environmental movement should be more honest and not limit their publicity
to very recently logged areas. As well showing photos of recently harvested forests
they should also show how exceptional forests are at recovery after logging. In the
mid 1990s the Forest Alliance of BC published a book (Burch et al. 1995) showing
many photos of extensive clearcuts taken very soon after logging and matched these
with photos from the same photographic location several decades later. The recov-
ery of the forest was most impressive.

There have been many claims that forest harvesting results in the extinction of
species. Dr Patrick Moore, a Greenpeace founder, at least 15 years ago issued a
challenge to name just one species that had become extinct through responsible for-
est utilisation. So far not one species has been named. Dr E.O. Wilson of Harvard
has repeatedly made the claim, which has been endless repeated by others, that we
are currently losing species at the rate of 50,000 per year. I emailed Dr Wilson and
asked him to name ten species that had become extinct in the last decade (i.e. one
species per year) as a result of tree harvesting. I had not realised that it is very dif-
ficult to claim that a species has become extinct (as well as what was the cause). It
appears that Dr Wilson’s claim is theoretical.

It is widely assumed that industrial wood harvesting results in deforestation.
Dr Peter Ince of the US Forest Service Forest Products Laboratory conducted a
comprehensive global study to test this hypothesis. Ince found that “In general, the
data show that global regions with the highest levels of industrial timber harvest and
forest product output are also regions with the lowest rates of deforestation” [e. g.,
North America and Europe]. Ince reasoned that “...industrial roundwood demands
provide revenue and policy incentives to support sustainable forest management
(Ince 2010).

Ince is credited with the claim “Save a Forest: Print your Emails”. His argument
is that only if forest owners perceive realisable returns from a forest will they have
the incentive to responsibly and sustainably manage their forests.



226 W.R.J. Sutton

8 A Serious Challenge to the Global
Environmental Movement

Worldwide the environmental movement is generally opposed to forest harvesting in
indigenous forests. Harvesting is portrayed as being very destructive. But forests are
exceptional in their ability to recover from what appears at first to be a catastrophe.
Forests are not “destroyed” by harvesting. If left alone (even if the logging has been
carried out irresponsibly) the forest will eventually recover, but recovery is faster if
harvesting is carried out responsibly and/or if the forest is replanted. Forests are only
“destroyed” if the area is permanently cleared for agriculture or some other land-use.
Many environmentalists are also opposed to plantations, especially where the tree spe-
cies used is not indigenous. Surprisingly, the same logic is not applied to agriculture.

Wood is (probably the only) renewable and sustainable raw material the world
has. Currently we use a great volume of wood, but to maintain our life-style we
should be using more wood. Without responsible harvesting of both our native for-
ests and our plantations now there will probably be less wood available in future,
when we really need it. Before advocating any moves towards using even less wood
than we do now, environmental lobby groups need to give serious consideration as
to whether there are any realistic alternatives to such an adaptable material that can
so readily and sustainably be produced on the scale needed, and even if there is that
it won’t cause more problems that it solves. It can be readily demonstrated that an
increasing the use of wood will go a long way towards solving many of the world’s
environmental problems. The question arrises, “why not use it?”

9 Concluding Remarks

The world uses a great deal of wood but it’s importance is almost always ignored.

Wood is the world’s only large scale renewable, sustainable and environmentally
friendly raw material and more systematic use of its potential needs to be made at
the global level, if the aim of achieving true sustainability for the world is to be met.

Although there are definitely problems in some regions, overall the world is not
over-exploiting its forests. Unless there is a large increase in the global per capita
consumption of wood, no global shortage is foreseen for at least the next 20 years.
However problems are likely to encountered thereafter.

Forest management is very capital intensive and worldwide requires billions of
investment dollars. Investments in forests, especially productive plantations, will
only be forthcoming if that investment is perceived as being profitable. The current
low price for wood is a major disincentive.

Forests are not being “destroyed” by responsible forms of wood harvesting. Forests
have an exceptional ability to recover from catastrophe, including total and long term
clearance for farming, as well as after major volcanic eruptions, fires or storms.

Finally a plea to environmentalists to stop opposing responsible forest management
and tree harvesting. Pressure to lock-up of all old growth forests is not necessarily
desirable, as most will inevitably end in catastrophic collapse. There is frankly no
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serious alternative to the large scale utilisation of wood for meeting the world’s long
term needs for bio-energy, fibre and building materials in an environmentally respon-
sible and sustainable manner, and the sooner everyone realises it, the better.
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Forests in the Global Carbon Cycle

David Schimel

Abstract Forests play a major role in the global carbon cycle. Deforestation is a
major source of carbon to the atmosphere, and forest regrowth is a major sink for
carbon from the atmosphere. This understanding comes from several decades of
intense research focusing on explaining patterns of variation in atmospheric CO,
over time and space. The observed patterns reflect the influences of industrial
humanity, ocean processes and ecosystem dynamics and understanding these pat-
terns required pooling the techniques of many scientific disciplines. Understanding
the role of forests in the global carbon cycle required the expertise of atmospheric
scientists, oceanographers, remote sensing pioneers, as well as the full range of
forest science disciplines, from biometrics to history. Atmospheric measurements,
satellite images and automated sensors have become part of the standard tools of
forest scientists, leading to the inclusion of forest dynamics in models of the global
system. These Earth System models suggest that the future of our planet is inextri-
cably connected to the fate of its forests.

1 Introduction

Today, it is widely recognized that forests play a major role in the global carbon
cycle. This has not always been the case, and, just decades ago, the oceans and
atmosphere were assumed to dominate the carbon cycle. This is, at least in part,
because forest science lacked the tools to describe forest dynamics as a global phe-
nomenon, even though the tools and techniques to describe individual stands and
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tracts have long been highly developed. Over the past four decades, atmospheric,
instrumental and remote sensing techniques have revolutionized our knowledge of
global forests, and provided a view of the role of forest carbon in the climate system,
past, present and future.

How did the scientific community come to understand and quantify the role of
forests in the global cycles? Charles David (Dave) Keeling began measuring CO,
at the summit of Mauna Loa in Hawai’l in 1958 as part of the International
Geophysical Year (Keeling 1998). When these measurements began, no-one
knew what would happen to fossil fuel CO, but most assumed it would either
accumulate in the atmosphere or be taken up by the oceans. There was no expec-
tation that the data would reveal a trend over a short record and a main goal was
simply to obtain a highly accurate baseline at a site remote from potential local
influences.

Keeling’s measurements, however, immediately showed both a year-to-year
trend and a strong seasonal cycle. However, from Keeling’s measurements of the
trend, and knowledge of global energy production, it was apparent early that the
measured atmospheric accumulation was lower than the estimates of emission.
Significant amounts of carbon were being absorbed by the Earth System. While
initially most discussion of sinks for fossil carbon focused on oceanic processes,
oceanographers quickly converged on an estimate of ocean uptake of roughly half
of the missing carbon, requiring an additional sink.

Work on the global carbon cycle was initiated in the atmospheric and oceano-
graphic communities, as an outcome of the IGY, but quickly ecologists became
involved. In the 1970s, oceanographers were gaining confidence from models and
tracer oceanography that the ocean uptake could not explain the difference between
atmospheric accumulation and fossil fuel use. The geophysical community argued
from this basis that the “missing sink™ had to be on land and developed a theory that
increasing CO, was fertilizing land plants and causing the uptake required by the
budget. George Woodwell, who had been working of forest metabolism for the US
Department of Energy became interested in the carbon cycle. Woodwell and his
colleague Richard Houghton had developed a prescient micrometeorological tech-
nique for measuring forest metabolism, using CO, changes in the nocturnal bound-
ary layer, and were also keenly aware of the accelerating pace of development of
tropical forest regions.

Instead, Woodwell and colleagues argued that deforestation was likely causing
the land biosphere to be an additional source of carbon to the atmosphere (Woodwell
etal. 1977). Many ecologists also argued that land plants were not generally limited
by CO,, but in an argument based on Liebig’s law of the minimum, argued they
were typically limited by water or nutrients. Woodwell and Houghton went on to
develop (and continue to maintain) a global analysis of deforestation rates that
showed forests, initially in the Northern Hemisphere but after the mid-twentieth
century, mainly in the tropics to be a significant source of carbon to the atmosphere
(Houghton et al. 1983). Their values for this flux showed it to be significant, though
contrary to some early back-of-the-envelope calculations, rather smaller than the
fossil fuel flux to the atmosphere.
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2 Land Use, Carbon Fertilization and the Atmospheric
Constraint

By the early 1980s, much had been learned about the global carbon cycle, but
enormous unknowns loomed. The atmospheric increase was well-defined, based on
decades of observation. Oceangraphers were increasingly confident in bounding
ocean uptake at a level too low to explain the imbalance in the carbon cycle.
Ecologists confronted two very different scientific challenges. First, what was the
magnitude of current and historical deforestation and how large a carbon flux could
result from land use? Second, could CO, fertilization create a sink sufficiently large
to account for the imbalance in the carbon budget and compensate for additional
fluxes from deforestation? For many years, a great deal of ecological research
focused on these two topics, seeking on the one hand, improved quantification of
land use change impacts on carbon budgets, and on the other, seeking to understand
the magnitude of and controls over CO, fertilization.

Much of the effort to better quantify deforestation focused on tracking area
cleared and its fate using remote sensing techniques. While clearing triggers car-
bon losses, the subsequent management of the land has major consequences. What
happens to the original biomass? Is it immediately burned and returned to the
atmosphere or turned into long-lived products, creating storage? What happens to
the land? Is it converted to permanent, low-carbon storage farmland or allowed to
regrow and begin to recover carbon stocks? What were the original carbon stocks?
Many of the early ecological data on tropical carbon storage were obtained from
research sites, with pristine and often optimal conditions, which may bias carbon
storage high, relative to an entire biome. In other cases, forest products data are
used, and these data have uncertainties and biases all of their own. While the origi-
nal Houghton et al. (1983) global estimate was based largely on reported statistical
data, subsequent efforts focused more on using remote sensing. The first satellite-
based large-area estimate was Skole and Tucker (1993), who used newly available
Landsat time series to estimates rates of deforestation, and its spatial structure.
Since then, improved satellite data and data analysis techniques have allowed the
continual refinement of space-based estimates of deforestation and regrowth
(Asner et al. 2009).

Today, estimates of deforestation rates and carbon emissions draw on remote
sensing, national surveys of biomass and spaceborne measures of biomass, as well
as areas of cleared and intact forest (Saatchi et al. 2011). About half of the world’s
forests have been deforested over the past 150 years, resulting in about 20 % of
human-caused emissions to the atmosphere. In the 1990s, deforestation emissions
peaked at about 1.5 Gt C per year (+0.7). Subsequently, the rates appear to drop to
closer to 0.9 Gt C (+0.7), compared to fossil emissions over 8 Gt C per year.

The global consequences of CO, fertilization have proved very difficult to quan-
tify. Experiments increasing atmospheric CO, have been done for decades, initially
in lab settings or using small enclosures in the field. Lab experiments almost univer-
sally show a significant response of photosynthesis and net primary productivity to
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increasing CO,, but field studies have shown more equivocal results (Long et al.
2006). Some systems respond initially, but responses decline over time. Other
systems appear to respond more strongly. In an important synthesis, Mooney et al.
(1991), presented an integrating hypothesis that guides CO, fertilization research to
this day. Expanding on the Law of the Minimum argument, Mooney suggested that
the relative impact of CO, fertilization on carbon uptake would increase as other
limitations (especially water and nutrients) decreased. In other words, carbon
storage in wet, nutrient-rich ecosystems should be most responsive to CO,, and dry,
nutrient poor systems should be least responsive. The Mooney Hypothesis sug-
gested that the effects might be largest in tropical rainforests, and should generally
speaking be proportional to NPP (which also increases as water and nutrients
increase: Schimel et al. 1997). This hypothesis emerged just in time to be tested in
a most unexpected way.

As the Keeling record expanded from Mauna Loa to a global network of
measurements, Keeling and others noticed another regularity. Concentrations of
CO, were elevated in the Northern Hemisphere relative to the Southern Hemisphere.
Since the bulk of fossil emissions are in the Northern Hemisphere this result was not
unexpected, given that the mixing time between the hemispheres is about a year. By
this time, maps of oceanic CO, were available and could be used to estimate where
the ocean absorbed and released carbon (Takahshi 1986). Combining ocean carbon
exchange maps with the atmospheric gradient of CO, Inez Fung, Taro Takahashi
and Pieter Tans used a model of atmospheric transport to estimate global fluxes of
carbon dioxide (Tans et al. 1990). Their analysis predicted an excess of CO, in the
Northern Hemisphere atmosphere relative to observations, meaning that in the real
world, some process was taking up carbon in the Northern hemisphere, and con-
strained by the ocean observations, the model predicted it had to be on land.

3 Land Use as a Sink

Tans, Fung and Takahashi estimated a significant Northern Hemisphere mid-latitude
uptake of carbon by solving a mass balance equation for the atmosphere spatial
distribution of the inputs and removals was constrained by the observations of
atmospheric concentrations latitudinally, and by Takahashi’s map of ocean CO,
uptake. This prediction contradicted the Mooney et al. hypothesis: if, based on
ecophysiological theory and limited experimental evidence, CO, fertilization was a
significant force, it should result in a tropical forest sink, or at least a sink distributed
proportionally to NPP. The atmospheric evidence appeared to contradict that predic-
tion. Following the disconnect between the bottom-up experimental approach of the
forest ecology and ecophyiological communities and the top-down geophysical
approach, ecologists sought explanations for the apparent global distribution of
terrestrial carbon storage, the mid-latitude sink.

In Houghton et al. (1983), they had tried to take into account regrowth of mid-
latitude forests. Between 1800 and the mid-twentieth century, large portions of the
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Northern Hemisphere’s forests had been harvested or cleared for agriculture. With
the intensification of agriculture, the abandonment of wood as a fuel and the loss of
fertility in many soils, by the mid-twentieth century, much of this area had been
allowed to regrow (Pacala et al. 2001). In addition, management practices such as
fire suppression caused increased in carbon density in many regions. Other factors
may have also contributed to increased carbon storage in mid-latitudes forests, such
as relief of nitrogen limitation by air pollution-derived nitrogen, the development of
protected areas and even trends in climate (Dai and Fung 1993). While Houghton
et al. (1983) had tried to take into account these factors, with increased impetus
provided by the mid-latitude sink hypothesis, as more data accumulated, the possi-
bility that a land use-driven sink existed in the mid-latitudes gained more credence
(Schimel 1995; Schimel et al. 2001; Pacala et al. 2001). In the 1990s, it was likely
that the legacy of historical forest use caused terrestrial uptake of a gigaton or more
of carbon each year. Interestingly, much of this recovery of forest carbon may have
been occurring in hilly and mountainous landscapes, with agriculture and urbaniza-
tion dominating lower ground (Schimel et al. 2002).

4 The Future of Forest Carbon Stocks

While forests have played a major role in terrestrial carbon-climate coupling in the
past, they may also play a major role in causing feedbacks as the climate begins to
change in response to continuing fossil fuel emissions. Climatologists and ecolo-
gists realized that there were important physical feedbacks between the land surface
and the atmosphere and have began to build models focused on these interactions
(Land Surface Models). Initially, these models focused on evapotranspiration,
albedo and other purely physical (albeit with some biological control) feedbacks,
but now include many components of the terrestrial carbon cycle. These models,
operating as components of climate or Earth System models are referred to as
coupled models. In the 2000s, the land biosphere was found to be taking up between
1 and 2 Gt of carbon per year, and the oceans take up a similar but less variable
amount. In the future, these fluxes could decrease, leading to an increase in the rate
of atmospheric concentration increase, or even change sign, releasing carbon to the
atmosphere (Woodwell et al. 1995). When we evaluate the sensitivity of the carbon
cycle to climate (and other perturbations), we compare it to these baseline present-
day fluxes. Models are calibrated to match observed present-day terrestrial uptake,
and models then diverge from the present values as a function of climate and other
environmental and assumed land-use changes in the future.

In most coupled models, increasing atmospheric CO, tends to cause increases in
ecosystem carbon storage (Friedlingstein et al. 2006). Warmer temperatures increase
carbon uptake in moist forests, but decrease carbon uptake in drier forests. Drier
conditions tend to cause carbon loss, while increases in moisture cause enhanced
carbon uptake. Temperature effects dominate in wet forests, where reductions in
soil moisture are insignificant or compensated for by warmer conditions and longer
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growing seasons with opposite effects in dry regions. In regions with intermediate
levels of rainfall, warmer conditions may increase evaporative demand, and, in
effect, cause forests in these areas to become drier and less productive.
Geographically, this tends to result in increased carbon uptake in the cooler forests
of the Northern Hemisphere, but accelerating carbon loss from tropical forests as
they become drier (Fung et al. 2005). However, the relative strength of these two
effects differs between models, with some having stronger or weaker effects overall
or in one or the other hemisphere. These differences are due to the physical climate
the model simulates, the sensitivity of the simulated forests and even to the interac-
tion between ecosystem change and climate processes.

Essentially all terrestrial carbon models show positive feedback. As temperatures
warm, ecosystems take up less carbon (or lose more) and so contribute to increasing
atmospheric concentrations. The extent to which this occurs depends on the model
(some are more sensitive to positive CO, effects, others are affected more by water
or temperature stress). The impact of climate also depends on the climate simulated
in the physical model. Some climate models project more extreme responses of
temperature or larger changes to precipitation than others. It can be difficult to
separate out these effects (of the climate model versus the carbon component) in a
coupled model.

As climate affects Earth System processes, complex carbon-climate feedbacks
can ensue (Woodwell et al. 1995). Some of these feedbacks are captured by today’s
models, but others reflect complicated and multidimensional local conditions. For
example, in 1997, the growth rate of CO, was twice the normal rate, implying that
terrestrial uptake dropped to zero for that year. Terrestrial uptake may have been
normal that year, but the tropical droughts that frequently accompany El Nino
(1997 was an El Nino year) were severe that year (Wang and Schimel 2003).
In Indonesia, tropical peatlandforest are being harvested, and to harvest them, the
loggers cut canals and lower the water table. The El Nino droughts in 1997 caused
wildfires in the Kalimantan region, resulting in vast amounts of stored carbon being
lost to the atmosphere.

5 Testing Model Predictions

While forest science today has a fairly robust understanding of the processes of
photosynthesis and respiration, and their control by climate, nutrients and water, the
interactions of ecosystem physiology with disturbance, forest demographic pro-
cesses and complex land management practices is in its infancy. The atmosphere
allowed robust testing of some macrohypotheses about the operation of the terres-
trial biosphere, but many models with very different formulations of the land
biosphere approximate observed trends in atmospheric CO, roughly equally well.
That is, the global atmosphere does not allow discrimination between correct and
fallacious models of emerging key processes, even though it served that function for
an earlier generation of hypotheses (e.g. land use versus CO, fertilization). In order



Forests in the Global Carbon Cycle 237

to evaluate today’s models and ensure that processes critical to prediction of future
carbon-climate feedbacks, new observing and experimental strategies are required.

Unfortunately, the emerging questions about forest carbon storage and how it
will change and interact as the climate changes require understanding of finer scale
processes than those so powerfully constrained by global atmospheric analysis. On
the other hand, vast amounts of data must be amassed if local studies and even
national forest inventories are to be effectively extrapolated to the globe! Fortunately,
a new class of intermediate scale methods are emerging, using the atmosphere as an
integrator, but over smaller areas better corresponding to forest types and regions,
and over time scales better corresponding to forest processes. Desai et al. (2011)
showed that diurnal sampling of the atmosphere allowed regional estimation of
gross photosynthesis and its seasonal variation. By using the daily drawdown in
boundary layer CO,, they were able to estimate photosynthesis over thousands of
square kilometers, in a region dominated by just a few forest types, and evaluate
whether the regional climate sensitivity of carbon uptake in those forests was simi-
lar to, or different from that estimated at a single, intensively studies site. By doing
so, they were able to evaluate model performance at scales much larger than
traditional plot-and-tower based techniques, but small enough that variations could
be linked to more specific processes. At this intermediate scale, similar to the globe,
the atmosphere cannot reveal mechanism but it does allow some hypotheses to be tested!
The future of forest carbon science will involve more and more of these multi-scaled
observing strategies and increased collaboration between forest scientists and scien-
tists in other disciplines.

6 Conclusions

The world’s forests play a major role in the global carbon cycle and the climate
system. They store vast amounts of carbon, sufficient to significantly impact cli-
mate, and have played a significant role in the centennial trends in atmospheric CO,,
in the interannual variability of atmospheric CO, and will play a major role in the
future of atmospheric CO, and climate. Some of the most important discoveries
about forests in the Earth System have come from the confrontation between the
fine-grained local knowledge of forest scientists and signals in the global atmo-
sphere. One the one hand, this shows the great value of geophysical constraints on
predictions about global-scale forest behavior. On the other hand, the global-scale
signals of forest carbon exchange, spatially, seasonally and interannually testify to
the quantitative significance of the world’s forests in the Earth System. This assess-
ment of the importance of forests on climate is just focused on their carbon balance,
and neglects their impacts on albedo and the surface energy balance, evapotranspi-
ration and the global hydrological cycle and the biogeochemistry of the other trace
gases (Schimel 2013). Forests remain a vital source of ecosystem services and a
wide range of important commodities. Foresters remain the stewards of these
increasingly diverse resources, but while the goals and priorities of the profession
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remain consistent with its centuries-long legacy, the issues, scientific tools and
challenges are large in scale and technological in nature, bringing new challenges
and opportunities to the field!
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J. Grace, J.I.L. Morison, and M.P. Perks

Abstract Temperate and boreal forests represent substantial stocks of carbon as
biomass and organic matter. Depending on the extent of climate change and the
nature of future management practices, these forests may lose, retain or accumulate
carbon in future decades. We review data on the impact of management on forest
carbon, and we lay out some management options including longer rotations, lower
disturbance, nitrogen fertilization and the afforestation of new land. We ask whether the
carbon gains made possible by such practices will be at the expense of timber
production and also we examine the impact of these practices on a range of environ-
mental services (nature conservation, watershed protection, public amenity value,
bio-fuel production). We look forward to a period of warming, which favours more
rapid growth of trees in northern regions, but predictions from ecosystem models
must be tempered by the likelihood that there may be more extremes, including
droughts, storms and outbreaks of new pests and diseases.

1 Introduction

The natural cover of much of today’s land surface is still forest. Forests or wood-
lands may occur wherever the precipitation exceeds about 500 mm per year and the
summer temperatures are greater than 10 °C. This includes around 50 % of all the
land area on the planet. However, today’s forest cover only about 30 % of the land,
as vast areas have been cleared by humans. The clearing of forests has taken place
over many hundreds of years, mostly to make way for people and their agriculture.
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These two forms of land cover, forest and agriculture, are in marked contrast to each
other, not just in the way they are used and valued by humans but also in the way
they exchange energy, mass (particularly carbon and water) and momentum with
the atmosphere. There are two-way links between vegetation and the atmosphere, so
that any widespread change in land use may bring about a change in the climate
system. In this chapter we explore the relationship between forests, land use, climate
and energy use.

We discuss three main aspects: (1) the effect of forests on climate (through carbon
and greenhouse gas exchanges and key biophysical interactions) (2) the impact of
climate change on forests, and (3) the possible impact of management on the ‘climate
function’ of forests including afforestation and deforestation.

2 Carbon Cycle, Greenhouse Gas Balance
and Land Use Change

2.1 Global Scale Carbon Balance

One of the most important linkages between forests and the climate occurs because
atmospheric carbon dioxide (CO,) is both the source of most of the biomass contained
in green plants and the most important greenhouse gas. Moreover, the terrestrial
biosphere contains about three times as much carbon as that contained in the atmo-
sphere as CO, (Fig. 1), most of it being stored in forests, woodlands and peat-lands.
Thus, one way to curtail the rise of atmospheric CO, is to conserve forests and
peat-lands, and where possible plant more trees. This view is embodied in the Kyoto
Protocol, which (in some circumstances) allows carbon captured in forests to be
used to offset emissions from fossil-fuel burning. Moreover, some countries, including
the UK, have a policy to increase the rate of tree planting to fight global warming
(e.g. Read et al. 2009).

Measurement of the CO, in the atmosphere shows an inexorable rise in concen-
tration over the last 100 years, caused by the burning of fossil fuels and also, to a
lesser extent, by deforestation. It seems obvious that planting trees and avoiding
deforestation should be an important step towards prevention of dangerous climate
change, along with decarbonising the energy supply by developing every possible
kind of renewable energy source.

So far, there are very few signs that this is being achieved. Fossil fuels are still
being burned at an increasing rate whilst further deposits of oil and gas are being
discovered. Only a few of the industrialised countries within the Kyoto Protocol
have honoured their commitments to reduce emissions whilst rapidly developing
countries such as India and China, which are not part of the Kyoto process, have
hugely increased their emissions. The global CO, total emissions coming from
fossil fuel burning has increased from 6 billion tonnes of carbon in 1990 to around
9 billion tonnes today.
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Fig. 1 Global carbon cycle, updated for 2010 (http://www.globalcarbonproject.org/). Units for
carbon stocks are billions of tonnes, units for fluxes are billions of tonnes per year. One billion
tonnes=10° tonnes=1 Gigatonne=1 Petagramme. Data for stocks on land and in the ocean are
highly uncertain. The term for fossil fuels includes emissions from cement manufacture. Data for
emissions have the following uncertainty: fossil fuel 8.4+0.5 and land use change 1.2+0.7

However, not all the released carbon results in increased CO, concentrations in
the atmosphere. Some of it dissolves in the oceans and another fraction is absorbed
by vegetation, becoming biomass and soil organic matter. This net uptake in CO, by
vegetation (‘the terrestrial carbon sink’) reflects an imbalance between the capture
of carbon by photosynthesis (believed to be in excess of 120 billion tonnes per year)
and the losses that occur during plant and microbial respiration (each is probably
around 60 billion tonnes per year). It is generally considered that with an un-
changing climate the photosynthetic capture would be balanced annually by respira-
tory losses i.e. a hypothetical ‘steady state’. However, we know that the conditions
for plant growth are generally improving, as both CO, and nitrogen compounds in
the atmosphere (industrially-produced active nitrogen — ammonium and nitrate) act
inadvertently as fertilizers, stimulating photosynthesis. They reach the land surface
and its vegetation by wet and dry deposition, and enter into terrestrial ecosystems
where their effects are far-reaching. Thus, photosynthesis is thought to be increasing
rather rapidly whilst the respiratory processes are increasing more slowly. This theory
of the imbalance between global photosynthesis and respiration is helpful as an
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explanation of the terrestrial carbon sink. We know there is indeed a terrestrial sink
from analysis of the mass of CO, measured in the atmosphere, and the comparison
between this and the known rates of emissions from fossil fuel burning and defores-
tation: the most up-to-date results from such analysis are expressed in Fig. 1. Some
8.4 billion tonnes of carbon are emitted from fossil fuel burning (2010 figures) and
a further 1-2 billion tonnes from tropical deforestation, yet only about 5 billion
tonnes stays in the atmosphere. The terrestrial carbon sink is currently about 2.3
billion tonnes of carbon per year, similar in magnitude to the ocean sink but with
greater inter-annual variability caused by irregularities in the climate system

From a comparison of the geographical pattern of these sinks, detected from
global patterns of CO, concentration, it is clear that strong uptake occur wherever
there is forest cover: North America, Eurasia and the remaining intact forests of the
tropics. Were it not for these sinks, atmospheric concentrations of CO, would rise at
an even more alarming rate than at the present, and cause even more global warming.
However, carbon sinks may fail, if for example forests are degraded or if warming
increases respiratory processes sufficiently.

Globally, forestry therefore has an important role in managing the C-cycle
(Table 1). It has been estimated that a concerted attempt to maximise tree planting
could achieve a new sink of up to 1-3 billion tonnes of carbon per year (Cannell
2003; Nabuurs et al. 2007), but land is in increasingly short supply because of the
requirements to grow food, fibre and biofuels. Increasing the planting rate would be
only part of a forestry strategy. Greater benefits would come from reducing the
deforestation rate, given that tropical forests are both carbon stocks and carbon
sinks. Additional reductions in net emissions can come from the effective use of
forest products, as it is important to realise that felling of trees is not necessarily bad
for the longer-term carbon balance, if wood products are used to substitute for fos-
sil-fuel intensive energy generation and materials like concrete and steel. This does
depend on trees being replanted and good management being employed so that for-
est ecosystem function is not damaged (see Sect. 5.3). In contrast, agricultural sys-
tems are generally not effective in storing carbon: even though they usually have
high rates of photosynthesis during their growth period, the biomass produced is
retained for only weeks and months because a much smaller fraction is in the form
of lignin, the decay-resistant carbon polymer that all trees manufacture. We now
move to consider the carbon capture process in forest ecosystems, at a local scale.

2.2 Local Scale Measurements of Forest C Balance

It is clear that forests can be established to create carbon sinks and build medium to
long term C stocks. Forests hold substantial stocks of carbon (Table 2). Everyone
knows, in general terms, that a young forest plantation accumulates carbon as
biomass in the stems and in the organic matter in the soil. But how much, and for
how long? Forest mensuration has provided us with data on the growth rates of
plantations, but this is only a part of the story. The complete analysis of carbon flows
in forests has been facilitated in the last two decades by the use of new techniques,
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Table 1 Carbon stocks and fluxes, summarised from the data base of the FAO (line 2 of the table)
and Luyssaert et al. (2007) for lines 3, 4, and 5. Carbon fluxes are given as Net Ecosystem
Production, NEP, i.e. what remains of the Gross Primary Productivity after subtracting plant and
microbial respiration; it is measured directly by eddy covariance. The numerical values are means
with estimated standard seviations. On the assumption that the sample is representative we estimate
the total carbon stock in the biomass of forests to be 406 billion of tonnes of carbon

Temperate Temperate Tropical

Boreal evergreen deciduous humid
Latitude (degrees, with range) 58+7 44+8 44+9 14
Estimated area (millions km?) 13.7 1.0 9.4 13.4*
Above ground biomass (tC ha™) 57+37 149+135 108+56 11358
Below ground biomass (tC ha™') 148 4.6+4.6 25+2.6 20422
Total biomass (tC ha™") 72 154 110 142
Total biomass (Gt C) 98.6 154 103.4 190.3
NEP (tC ha™! year™) 1.34+0.14 4.02+0.53 3.10+£0.29 4.10+0.07

http://www.fao.org/docrep/014/i2247¢/12247e00.pdf

Table 2 Typical parameters for models of forest and grassland

Grassland Influence on climate
or cropland Forest of transition to forest
Height (m) 0.1-2.0 5-60
Roughness length (m) 0.01-0.2 0.5-6.0 Cooling
Albedo (dimensionless) 0.15-0.25 0.08-0.20 Warming
Canopy resistance, dry (s m™) 20 50 Warming
Aerodynamic resistance (s m™") 50 5 Cooling
Carbon stock (tC ha™) 1-10 60-150
Carbon accumulation rates
(tCha™'y™) 0 -7t00 Strong cooling

of which eddy covariance is the most important. It enables a sensor, supported on a
mast above any land surface cover, to measure the gains and losses of carbon by an
ecosystem rather directly. This is more revealing than simply measuring the growth
of the plant material, as the sensor measures all the C-fluxes including the very
large respiratory efflux from the heterotrophic organisms including the microbes in
the soil. Moreover, the fluxes are observed to vary from day to day, depending on the
weather and time-of-year, and so it is possible to derive models that may be used in
a diagnostic and predictive way.

There are now several hundred local sites in the world where investigations of
CO, exchange are on-going, and a number of summary papers have been published,
in which the difference between tropical, temperate and boreal forests are very clear
(e.g. Luyssaert et al. 2007).

One of the surprises from a meta-analysis of the literature which considered many
carefully measured sites around the world, is that even old forests continue to be car-
bon sinks, albeit smaller sinks than young plantations (e.g. Luyssaert et al. 2008). This
general observation is very important in evaluating the impact of deforestation. The
undisturbed forests of the tropics, for example, are important not only because they
contain large stocks of carbon but also because they continue to act as carbon sinks.
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2.3 Other Important Gases

Forests and agriculture differ in their exchange of the other key greenhouse gases:
methane and nitrous oxide. Both are more effective than CO, in radiative forcing
when compared on an equal mass basis, although in absolute terms they are less
important because they are found at lower concentrations in the atmosphere. To
calculate the warming effect of their emissions, their masses must be multiplied by
a factor called the Global Warming Potential (GWP) which expresses their warming
effect (per kg) relative to that of CO,. Expressed over a 20 years’ timeframe, the GWP
of methane is 72 and that of nitrous oxide is 289.

Methane is produced when organic matter is decomposed in the absence of oxygen.
Globally, anthropogenic sources are estimated as 307—428 million tonnes a year,
exceeding natural sources which are 145-260. Agricultural systems (ruminant
animals and rice growing) account for more than one-third of the anthropogenic
emissions. Forests produce rather little methane, except when they are being burned
or when they are flooded, and when dry they may even be net sinks for methane.
Substantial methane concentrations are seen by satellite over the major regions of
tropical rain forests in the wet season.

Most nitrous oxide is produced naturally in soils through the microbial processes
of denitrification and nitrification. Most natural woodlands and forests produce rather
low emissions of nitrous oxide. Even under management, the use of artificial fertilizer
in forestry is much lower than that used in intensive forms of agriculture, which can
be well over 100 kg-N ha™! year!. The GHG emissions from modern agriculture are
large: in a recent study it was demonstrated that whilst European ecosystems absorb
about 10 % of the Europe’s fossil fuel CO,, their benefit is cancelled out entirely when
agricultural emissions of CH, and N,O are taken into account Schulze et al. (2009).

Recent discussions on the use of biofuel from oil palm (e.g. Committee on
Climate Change 2011) have highlighted that growing biofuel in the humid tropics
usually leads to substantial greenhouse gas emissions because the plantations are
heavily fertilized with nitrogen and so they emit substantial amounts of N,O
(Crutzen et al. 2008). Hence, the fuel is not as ‘green’ as most people believe, espe-
cially where rain forest has been destroyed to make way for oil palm, and the very
large C stocks in the forest released.

2.4 (O, Equivalent Emissions

Data on national GHG emissions are available from official statistics. All the green-
house gas data (CO,, CH,, N,O and some industrial gases) are summarised as CO,
equivalent (CO,eq) to satisfy international reporting rules. Taking Europe as an example,
the 27 member States together are estimated to have emitted 4,409 Teragrams
(Tg=1 million tonne) of CO,eq in 2010,' of which agriculture was a source of 462 Tg

'www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-2012
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and land-use change, some of which is represented by afforestation, was a sink of
312 Tg. The role of natural changes in the greenhouse gas budget may not be accu-
rately represented by such estimates.

2.5 Volatile Organic Compounds

In assessing the impact of vegetation on the climate, volatile compounds of carbon
need to be considered. Plants emit a wide range of organic molecules, many of
which participate in the chemistry of the atmosphere. Of these, isoprene (CsHg) is
one of the most important. It is produced by trees and shrubs in relatively large
quantities and it reacts in the atmosphere with free radicals (e.g. OH), producing CO,.
The two gases, CsHg and CH,, in effect, compete for the available OH. Some of the
isoprene is converted to larger organic molecules which participate in the formation
of aerosols and form water droplets leading to haze and clouds. This is one of the
less-understood ways in which forests may affect the climate system, and is not
included at the moment in climate models.

3 Feedbacks Involving Forest, Land Use Change
and the Climate System

3.1 Land Surface Characteristics

Clearly forests are involved directly in the global GHG balance. In a very general
way we can expect that increasing forest cover will take up more CO,, and thus help
reduce climate change. However, there are more complex interactions between
forests, other land uses and the climate. They arise because of key differences in
their biophysical characteristics:

» Energy. The quantity albedo defines the fraction of solar energy that is reflected
back into space. It is also called the shortwave reflectance. Surfaces such as fresh
snow have an albedo as high as 0.95 whilst some bare soils have an albedo of 0.05.
There have been numerous comparisons of the albedo of different land covers;
forests and many shrublands have an albedo in the range 0.08—0.20 whilst crops
and grasslands are higher, in the range 0.15-0.25. Once energy is absorbed, it
is dissipated to the air above as sensible heat (increase in air temperature, or
‘warmth’) and evaporation (‘moisture’). Here again, there are contrasts: forests
tend to dissipate less energy as sensible heat and more as evaporation.

*  Momentum. Roughness expresses the tendency of a surface to absorb the momentum
of the fluid (air, water) that flows over it. The roughness of the land surface
affects the development of the atmospheric boundary layer, the lowest zone in
the atmospheric where the exchanges with the surface take place, and the genera-
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tion of turbulence. Thus, forests present a rough surface that slows down the
wind speed (the horizontal momentum of the wind is converted to motion of
the trees). At a local scale it means that forest plantations can be used to provide
shelter for humans, livestock and crops; at a large (regional) scale it means that
wind speed will tend to be reduced over forested continents.

* Mass. The enhancement of turbulence by rough (forest) surfaces has implica-
tions for the exchange of materials including water evaporating from the leaf
surface and pollutants being deposited from the air: the rough surfaces of forest
generates large scale turbulence and mixes the surface air with the air aloft.
This tendency is parameterised by the wind-speed dependent aerodynamic
resistance (Table 2). The increase in transfer is greatest for the evaporation of
liquid water deposited on the leaves; for transpiration and CO, the effect is
less because the diffusing molecules encounter the additional resistance of the
stomatal pores.

e Parameters. In Table 1 we summarise typical parameters that are used in model
formulations, contrasting forests and grass or croplands. Where possible, we
indicate whether the difference between forest and croplands will imply warm-
ing or cooling. It is clear that most parameters will lead to the conclusion that
forests cool the planet compared to agriculture, but that the albedo effect alone
suggests that forests warm the planet.

3.2 Vegetation-Atmosphere Feedbacks

Interactions between these biophysical processes and other ecosystem functioning
results in various complex feedbacks; some that are positive (likely to destabilise
the climate system) and some that are negative feedbacks (tending to stabilize the
climate system). Some of these have been widely discussed, but they are not yet
fully understood. The list is not exhaustive.

Positive Feedbacks

1. Warming will increase microbial decomposition, releasing greenhouse gases
from the carbon stock which is presently locked away as soil organic matter, and
thus increasing the warming rate.

2. Tropical deforestation will decrease tropical evaporation, leading to drier and
warmer conditions in the tropics (see Sect. 3.3) with additional smaller effects in
other parts of the world.

3. Under warming, boreal forest will spread northwards, decreasing solar reflec-
tance, thus leading to warming.

4. Warmer, drier conditions in Mediterranean and seasonal tropics will result in
loss of savanna-type woodlands, more wildfires, and desertification.

5. Increased fires contribute to GHG release and soot formation, leading to warming.
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Negative Feedbacks

1. Forest expansion to higher latitudes and altitudes will create a stronger carbon
sink than existing vegetation.

2. Replacement of boreal (conifer) forest by warmth-loving deciduous forest will
increase solar reflectance, leading to cooling.

3. Warming will accelerate breakdown of organic matter in the soil, thus releasing
locked-away nitrogen and phosphorus, acting as a fertilizer to stimulate productivity,
and a stronger carbon ‘sink’.

4. Increased leaf area and transpiration in a warmer world will lead to more clouds,
thus cooling the planet.

To understand the net effect of such feedbacks, Global Circulation Models have
been developed to incorporate land cover (some representation of the carbon cycle).
Such models are often called Earth System Models (ECMs).

3.3 Forests and Overall Energy Balance

In 1992, at the time of inception of the United Nations Framework Convention on
Climate Change, our knowledge of processes and interactions was appreciably less
than it is today. Thus, the 1997 Kyoto Protocol, which is intended to fight climate
change, considers forests only inasmuch as they constitute stocks and sinks of carbon.
A general realisation that radiative and evaporative differences between forest
and cropland are important came somewhat later (Bonan 2008; Betts et al. 2000;
Anderson et al. 2011) even though comparative measurements of albedo over different
land covers had been in progress for half a century (for example, they were tabulated
in an early text book, Geiger 1966).

When a forest is planted to replace grass or cropland, it does indeed begin to
capture carbon and store it as biomass and organic matter in the soil. Large areas
of planting should thus remove CO, from the atmosphere and slow down the warm-
ing rate. However, the albedo of the land cover will fall because most forest has a
lower albedo than most types of cropland; hence, a warming tendency must be
considered alongside the cooling effect. Where the forest is in the extreme northern
regions, the albedo effect is likely to be especially large because conifer forests
lose their snow cover more rapidly than other land uses (e.g. croplands, grasslands)
through sublimation, evaporation and mechanical shedding. For individual stands
or forests it is possible to calculate the relative contribution of CO, uptake and
albedo change from afforestation by comparing the ‘radiative forcing’; for example
in New Zealand the net radiative forcing benefit of afforestation of grassland with
a radiata pine stand was reduced by some 17-24 % over the whole length of the
rotation because of the lower albedo of forest (13 %, compared to 20 %, Kirschbaum
et al. 2011). Such calculations depend on the albedo differences, the rate of tree
growth and hence CO, uptake, the time period and assumptions about longevity of
the carbon sink.
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However, to estimate the full climatic effect of planting new forests (afforestation)
or replacing forests that have been lost (re-forestation), any Earth System Model
should capture all relevant processes. There are evident difficulties in making it so;
for example, not all known processes are well understood, and, moreover, it is likely
that there are many processes and interactions which still have not been discovered.
Here we focus on one such study (Arora and Montenegro 2011), where an Earth
System Model, incorporating a Global Circulation Model and a representation of
the terrestrial carbon cycle was used. The experiment tested the effect of replacing
50 % or 100 % of existing croplands with forest, over a 50 year time period. It also
tested the effect of making the 50 % replacement of croplands with forest in (a) the
boreal region (b) in the north temperate zone or (c) in the tropics. Afforestation
resulted in a larger land carbon uptake and lower atmospheric CO, concentration,
but the resulting cooling effect was partly or totally offset by the warming effect of
the new low albedo surface. The authors find that afforestation of 50 % of all
croplands over 50 years would cool the planet only by 0.45 °C compared to the
‘business as usual’ control (Fig. 2). They conclude “the direct temperature effects
provided by afforestation are marginal” though they recognise the other benefits of
afforestation such as timber supply, habitat and fossil fuel substitution. However,
they did find that tropical afforestation is more effective in cooling the planet than
boreal or temperate afforestation, a result also found by Betts (2000). This general
observation gives additional weight to the current emphasis on avoiding further
deforestation of the tropics.

3.4 The Case of Tropical Deforestation

The tropical rain forest has received most attention from modellers because of its
rapid rate of loss over the last 40 years, although tropical woodlands are probably
being removed or modified at an even higher percentage rate. Of all the rain forests,
it is the Amazon that has been investigated most thoroughly (Table 3). Using Global
Climate Models which contain a version of the carbon cycle, experimental model-
ling of deforestation of the entire Amazon suggest that precipitation will decrease
and temperatures will rise (Table 3). The extent of the effect is not the same in all
the models. This variation occurs because the models are not parameterised in
exactly the same way, and they differ somewhat in their structure.

Several studies indicate that the impact of deforestation on such a scale as the
Amazon will also influence the regional climate elsewhere. Avissar and Werth (2005)
propose that tropical deforestation of the Amazon disrupts the rainfall in Argentina,
with severe implications for agriculture. These long-range effects are termed
teleconnections.

Perturbations in the climate system have also occurred before the Industrial
Revolution. Pongratz and Caldeira (2012) report that 2040 % of LUC emissions
have been estimated to have occurred pre- 1850 due to rapid agricultural expansion
resulting in albedo and energy balance changes, as discussed above.
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Table 3 Amazonian deforestation experiments with large-scale climate models. The results in
columns 3 and 4 refer to the change in the Amazonian climate caused by deforestation

Model resolution Change in rainfall Change in
Authors (lat. xlong.) (% of control) temperature (°C)
Shukla et al.? 1.8°%2.8° -21 +2.5
Lean and Warringlow® 2.5°% 3.75° -7 +3
Costa and Foley® 4.5° x4.75° -12 +1.4
Voldoire and Royer! 2.8°x2.8° -8 -0.01
Medvigy et al. 25 km 24 0to +4

aShukla et al. (1990)

"Lean and Warringlow (1989)
¢Costa and Foley (2000)
4Voldoire and Royer (2004)
‘Medvigy et al. (2011)

4 Effects of Climate Change on Forests: Regional Variations

According to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC 2007) global warming is now unequivocal, being evident in rising air and
ocean temperatures, rising sea level and melting of ice and snow. Especially relevant to
forests, extreme events are likely to occur more often (IPCC 2012; Coumou and Rahmstorf
2012). However, there are clear regional variations in the current trends, the distribution
of extremes, and in the outlook for the future. The effects of climate change are likely to
include changes in forest productivity and changes to the geographic range of certain tree
species, as well as other components of the forest flora and fauna. Sustainable forest
management practices are already taking into account species suitability to predicted
future climate and bioclimatic modelling is being used to assist in ensuring species are
well adapted to predicted changes. Changes in forest health are predicted because of
changes in rainfall patterns and temperatures affecting trees and forest ecosystems
directly and because their pests and pathogens are also likely to change in their preva-
lence, persistence and impact Kurz et al. (2010). Thus, climate change has rather different
implications for tropical, temperate and boreal forests (Fig. 3).

4.1 Boreal Forests

Warming is predicted to be most pronounced in the boreal region, largely as a result
of the positive feedback involving the reduction in the snow and sea-ice cover, and
the consequent greater absorption of solar energy. Precipitation will tend to increase,
especially in the winter, and in some places this might increase the formation of peat
(‘paludification’). These changes will have important implications for both agricul-
ture and forestry, as spring will be earlier and the growing season will be extended;
land which is now treeless (at high latitude or elevation) may support tree growth.
Overall an increase in the biological productivity of the boreal zone is expected,
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Fig. 3 Threats to forests and woodlands caused directly or indirectly by climate change and
increasing demand for land and timber products

although there may be threats posed from increased activity of pests and diseases
Bentz et al. (2010). Warming may significantly enhance the breakdown of organic
matter, releasing locked-up nitrogen and phosphorus to support plant growth but
also transferring more CO, from the predominately organic and organo-mineral
soils to the atmosphere and speeding up global warming. On the other hand, it is
expected that the incidence of insect and fungal pests will increase, as has happened
already in parts of North America (see below).

4.2 Temperate Forests

Warming is expected to be less intense than in the boreal region, but still significant
and similar remarks apply. Bud-break already occurs earlier in the spring and this
trend is likely to continue; a metanalysis of phenological records from across Europe
shows a 2.5 day advance in bud burst for every decade (Menzel et al. 2006). There
is abundant evidence already of greater overall productivity of forests, but this may
be the result (at least in part) of increased deposition of active nitrogen and increased
CO, concentration. There have been several attempts to untangle these influences, but
they have not been conclusive. Outbreaks of pests and diseases have already increased,
exacerbated by the trade of young trees and timber materials between countries.
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Summer drought is likely to be increasingly frequent because of increased
temperatures causing higher evaporation and, in some regions, decline in summer
rainfall. The effect on trees of the 2003 drought in Europe was thoroughly analysed:
in that year and the subsequent year there were widespread reductions in growth and
CO, uptake (Ciais et al. 2005). If there are successive years of drought, forests may
be permanently damaged. Tree quality may be affected, through morphology and
stem drought cracks; mortality may occur of particular cohorts or species, leading
to a change in forest structure or species composition. Drought also increases
the susceptibility to biotic attack with, for example, increased incidence of root-borne
fungal disease (e.g. Armillaria, Heterobasidium), insect—vectored fungal disease
(e.g. blue stain fungi) and wind-vectored disease (e.g. Dothistroma, Phytophthora).

4.3 Mediterranean

For the Mediterranean a pronounced warming is expected, particularly in the summer
months, associated with a reduction in precipitation. This will increase the probability
of wildfire occurrence, extend the length of the fires season and the area at risk,
and increase the probability of large fires so it is hard to escape the conclusion that
the Mediterranean will suffer more fire-related damage to its ecosystems. Indeed,
almost all studies point to the Mediterranean becoming an especially vulnerable
region. These conclusions apply to Mediterranean climates elsewhere in the world:
parts of the west coast of North America, Chile, southern Africa and southern
Australia. In these parts of the world, fire management is a key concern.

4.4 Tropical Forests

The rain forests of South America are expected to become warmer and drier; but the
changes predicted in the other two regions, SE Asia and Africa are less dramatic. Until
now, there has been good observational evidence from repeated measurements of sam-
ple plots that the biomass of rain forests throughout the tropics is increasing (Phillips
et al. 1998; Lewis et al. 2009) supporting the hypothesis that the humid tropics are a car-
bon sink strong enough to offset the carbon losses from regions where rain forests are
being rapidly cleared. This increased growth is generally attributed to the effect of ris-
ing CO,, although the evidence for this is not strong. However, model simulations and
some field observations suggest that rising temperature and increasing incidence of
drought over future decades will reverse this trend (Phillips et al. 2009), so that in the
Amazon region, rain forest may be replaced by more open savanna-like vegetation. On
the other hand, two experimental field studies on the impact of drought on rain forests
(achieved by excluding 50 % of the rainfall for several years) have demonstrated that
such forests are rather resilient. Similar experiments have not yet been done on the
savanna woodlands. This issue of the impact of drought remains an important research
area — it is too early to draw firm conclusions.
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5 Managing Forests for Carbon and GHG Balance Benefits

There is general agreement that forest management can contribute to carbon
emissions mitigation. For example, the Intergovernmental panel on Climate Change
stated in 2007 that “in the long term, a sustainable forest management strategy
aimed at maintaining or increasing forest carbon stocks, while producing an annual
sustained yield of timber, fibre or energy from the forest, will generate the largest
sustained mitigation benefit” (IPCC 2007). However, within that apparently simple
statement are several complexities. Essentially, there are a many different ways to
manage forests and their products, and a key question is ‘what is the best use of wood?”.
To a large extent the answer will depend on the local situation (Lippke et al. 2011),
but we discuss some key aspects below.

5.1 Different Forest Management Types

Forests can be managed for multiple different objectives, and increasingly the
emphasis in forestry policy is on sustainable management and multi-functional
forestry. For example, the member countries of the Ministerial Conference on the
Protection of Forests in Europe (MCPFE) agreed in 2011: “To shape a future where all
European forests are vital, productive and multifunctional. Where forests contribute
effectively to sustainable development, through ensuring human well-being, a healthy
environment and economic development in Europe and across the globe. Where the
forests’ unique potential to support a green economy, livelihoods, climate change
mitigation, biodiversity conservation, enhancing water quality and combating deserti-
fication is realised to the benefit of society”.

A classification system which captures the different broad management objec-
tives in forestry has been developed using a framework of ‘forest management
approaches’ (FMA’s) (Duncker et al. 2012, Table 4), and has been applied across
Europe. The five FMA’s represent the continuum of management practices from
non-intervention to intensive production forest management, namely: (1) forest nature
reserve, (2) close-to-nature forestry, (3) combined objective forestry, (4) intensive
even-aged forestry, and (5) wood biomass production. This continuum also reflects
(declining) degree of naturalness (Edwards et al. 2011).

After establishment, carbon sequestration by a woodland increases substantially
as growth rates increase as the canopy develops, before slowing down as the trees
reach maturity, but old growth stands, which have been wooded for >100 years,
continue to show net carbon sequestration with a build up of litter, dead wood and
soil carbon (Luyssaert et al. 2008). Old growth forests are FMA type 1; in Europe
they are rare and tend to occur in isolated regions where access for harvesting is
difficult. Close-to-nature forestry (FMA type 2) occurs throughout Europe, with
substantial areas of high timber value native broadleaf forest in some locations,
which are managed commercially with extraction on single-tree or small group
selection systems the most commonly adopted approaches. The close-to-nature forestry
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management approach in the UK is exemplified by ‘continuous cover forestry’ (CCF)
or ‘low-impact silviculture’ (LISS). The approach favours natural regeneration and
aims to promote age and species diversity and is growing in popularity, partly driven
by promotion of its benefits for climate change adaptation and improving the
resilience of woodland ecosystems. Both FMA2 and FMA3 promote a diversity of
species, though not necessarily in intimate mixtures, and reflect moves in forest
science, management and policy towards improving climate resilience, adaptive
capacity and enhanced structural (through mixed age distributions) and biological
diversity (Linder et al. 2010), as well as addressing issues of aesthetics and land-
scape value. To provide GHG emissions mitigation benefits over short (i.e. decadal)
timescales a recent silvicultural strategy, commonly termed ‘short rotation forestry’
(SRF), has been proposed where a shortened rotation (15-25 years) focused on
woody biomass provision for woodfuel is the primary management goal. Short rotation
forestry is a FMA type 5 system.

5.2 Implications of Forest Management Types
for GHG Balances

Increasing interest in the potential for net GHG emissions mitigation through
forestry has led to assessments of FMA’s for forest carbon storage, carbon seques-
tration and fossil fuel substitution benefits. These assessments have included more
complete life cycle analysis (LCA) of forestry and forest products to quantify fossil
fuel use, and consequent emissions. In general, forestry operations from tree nursery
stages, through establishment to harvest, and the infrastructure of forest roads, only
result in small emissions from direct fossil fuel use, compared to the GHG benefits
of forest products, and timber transport is usually the largest component, although
still small (for an analysis in the UK, see Morison et al. 2012). While the carbon
storage and sequestration benefits of forestry are evident, both ‘in-forest’ in biomass
and soil organic carbon, and ‘outside the forest” in product stocks in use or in land-
fill, the substitution benefits are less clear. In principle, GHG emissions may be
reduced by using wood as a fuel (direct substitution) or in place of other more fossil-
fuel intensive materials (indirect substitution). However, these potential substitution
benefits need to be examined closely. Woodfuel substitution will only produce a net
reduction in GHG emissions if forests regrow and re-fix the CO, lost during wood-
fuel production, combustion and energy generation, and the calculation of benefit
needs to take into account the higher emissions per unit energy output of woodfuel
than many fossil fuels. Material substitution will only produce a net reduction in
GHG emissions if, for example, material life times are taken into account in the
assessment; material substitution by wood only takes place at the end of life; and if
the fossil-fuel intensive material being substituted does not find an alternative usage
(referred to as ‘leakage’).

In managed woodlands, the substitution benefit derived from timber utilisation
typically increases as larger timber is produced, because this can be used for



258 J. Grace et al.

structural components with longer residency times. The soil processes which deter-
mine organic carbon turnover slow down after initial establishment and forests con-
tinue to sequester carbon for long periods. Therefore, the choice of management
options and species has a significant impact on the potential of woodland to store
carbon or provide other mitigation benefits (cf. Broadmeadow and Matthews 2003).
If focussing on carbon sequestration for climate mitigation, minimal intervention
(FMAT1 & 2) favours the accrual of forest carbon stocks and there are fewer emis-
sions from forestry operations. FMA1 evokes management of a woodland as a ‘car-
bon reserve’, whereas FMA2 typifies ‘selective intervention’ (Broadmeadow and
Matthews 2003). However, if the objective is to rapidly sequester carbon, then
choosing highly productive, fast growing species on fertile land is likely to be the
best option. When the fate of harvested wood products from the forest is accounted
for, productive forestry (FMA4) and woody biomass production (FMAS) provide
both considerable sequestration and substitution benefits, although the in-forest C
stock of FMAS is usually lower than FMA4.

A minimum intervention approach is more likely to be chosen for slow growing
stands, heritage forest areas and remote locations where there is little demand for
wood products or where conservation objectives take precedence. Commercial
woodland management can result in GHG emissions through fuel use, woody waste
decomposition and soil disturbance, but delivers mitigation benefits through use of the
wood products. In this case, the combined wood product provision and sequestration
benefits will vary according to species and site factors. In the UK around 69 Mt CO,eq
are found outside forests in wood products where the substitution of more fossil fuel
intensive products by wood-based products in effect means very long term storage, with
replacement by sustainably-produced wood saving 7 Mt CO, y~! (Read et al. 2009).

Current policy in the UK and EU is likely to promote diversification away from
FMA4 (intensive even-aged forestry) with increasing emphasis on FMAs 2-3 in
areas which were, in previous rotations, productive single species conifer plantations.
However, with productive species well matched to site conditions CCF has the
capacity to provide similar or slightly improved mitigation benefits than conventional
forestry, according to recent model based investigations of the two silvicultural
systems (Seidl et al. 2008).

5.3 Other Management Drivers that Affect GHG Balances

The major biophysical constraint to optimal management of forests in the UK, and
large areas of central to northern Europe is wind damage, and considerable effort to
understand and manage risk of wind damage has been made often using models and
software tools (e.g. ForestGales) across Europe. There has been increasing interest
in recent years due to some notable storms with substantial impacts on forest pro-
ductivity. For example, one modelled estimate for forest losses in the 1999 storm
‘Lothar’ in Central Europe was 3 million tones carbon (11 million tCO,) equivalent
to 30 % of net biome production for Europe (Lindroth et al. 2009). The primary
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influences of forest stand age and site factors (soil type, rooting depth etc.,) in wind
risk management for commercial plantations are well understood, including the
requirement for early thinning to promote stand stability. Management must be cog-
nizant of wind risk where moves to more irregular stand structures, for other bene-
fits, are envisaged. Similarly, extending forestry rotation lengths is recognised to
increase carbon stocks sequestered in the biomass (Nabuurs et al. 2008), and is also
likely to increase the quality and longevity of timber products obtained from the
forest, although it has implications for windthrow risk. Conversely, regular thinning
interventions to improve stand stability and extend rotation length will result in a
reduction in the sequestration potential of the stand for a period, until the leaf area
is regained. In a productive conifer stand (age ~20 years) the impact of a commer-
cial thinning was to reduce forest sequestration rate by 20 % for 12 months (Clement
et al. 2003). These intermittent losses will be more than compensated by extending
the rotation and improved timber utilization.

Although a move away from FMA4 type management is envisaged due, to
structural and landscape diversification and biodiversity drivers, productive coni-
fers are still likely to provide significant benefits due to good growth, timber qual-
ity and utilisation (Mason and Perks 2011). In the last decade there has been an
expansion in engineered wood products, which use lamination, impregnation etc.,
to provide a product that can replace steel or concrete, particularly in building
construction. Furthermore, there is also potential benefit from targeted tree breed-
ing approaches which aim to improve the quality of timber, which will further
increase the quality and volume of structural timber attained from extension of the
rotation length.

5.4 Forest Residues and GHG Balances

In many managed forests, residue harvesting is either practiced routinely or under
active consideration. In principle, forest residues (e.g. ‘lop and top’, brash, stumps)
resulting from thinning or harvesting could be used as either fuel or materials, and
thus could contribute to emissions mitigation. However, there are several environmen-
tal issues that need to be considered, particularly around nutrient losses, soil distur-
bance and subsequent forest productivity. These concerns have led in some countries
to guidance and controls to promote ‘best practice’ for sustainable management. For
example, as most nutrients are in leaves and needles, not in woody tissues, retaining
those on site can prevent damaging nutrient loss. While it might seem attractive to
derive energy from woody material that would otherwise decompose, the net effects
on medium and long-term forest sustainability, C stocks and GHG balance needs to be
considered carefully and for each particular situation (Morison et al. 2012).

The growing interest in forest residue utilisation over recent years has seen
considerable research into the potential benefits of ‘biochar’. Biochar is made by heat-
ing organic material, including wood, under controlled oxygen conditions producing
gases (‘syngas’) and liquids (‘bio-oil’), and yields a solid product, which, if intended for
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use as a soil amendment, is named ‘biochar’ (Shackley and Sohi 2010). The pyrolysis
production systems can therefore derive some of the energy requirement from
syngas, bio-oil can be combusted or used as a bio-chemical feedstock and the solid
soil amendment can improve soil organic carbon stabilisation, though the net benefit
is currently uncertain (Hammond et al. 2011). In addition biochar can provide
additional soil benefits through improved water retention and nutritional inputs to
aid growth. Although the development of biochar-supported systems is in its infancy
it is of specific interest to forestry. Potential utilisation is likely to focus particularly
upon soil remediation for woodland creation on brownfield sites and the production
of seedling trees with biochar used as a growing media amendment. Furthermore,
using wood waste and forest wood residue feedstocks for biochar production provide
the highest GHG emissions abatement (Shackley and Sohi 2010).

5.5 Afforestation and Woodland Creation Benefits

As discussed above, afforestation and reforestation can provide substantial climate
change mitigation benefits. At a local level, plantations of exotic species can achieve
very high rates of carbon sequestration (Clement et al. 2012). At a global level,
the potential of the forestry sector to reduced net GHG emissions has been evaluated
by the IPCC as 6.7 GtCO, y~! in 2030 (Nabuurs et al. 2007). Although the carbon
sequestration and eventual substitution benefits have to be carefully assessed against
the ‘biophysical’ effects (Sect. 3.3), attempts to expand forest cover, particularly in
the temperate zone, are central to much forestry policy, in response to climate
change and biodiversity losses. Several studies have concluded that afforestation
measures are one of the more cost effective emissions reduction mechanisms
(e.g. Read et al. 2009).

However, there are several important points that need to be noted and several
uncertainties. Firstly, afforestation only provides a ‘one-time opportunity’ to
increase C stock on that land area (Lippke et al. 2011), because once mature forest
is established, rates of sequestration are substantially reduced. However, sustained
management of new forests can subsequently continue to provide carbon mitigation
benefits. Secondly, there remains considerable uncertainty over the soil carbon
impacts of afforestation. Although most forest soils contain substantially more
organic carbon than agricultural soils, and deforestation usually results in substan-
tial soil C loss, it is surprisingly difficult to establish unequivocally what the rates of
soil C accumulation are likely to be after afforestation. Several recent meta-analyses
(e.g. Laganiere et al. 2010; Li et al. 2012) have shown that key determinants of soil
C accumulation are (1) the previous land use, with larger accumulation after
afforestation of croplands rather than natural grasslands or pastures (2) soil type,
with clay-rich soils accumulating more, (3) soil disturbance during planting, with
the least disturbance resulting in the most accumulation, (4) tree species (or broad type
e.g. conifers vs broadleaves, evergreens v. deciduous) and (5) climate. A key control
on soil C accumulation is the soil nitrogen balance, as C-N interactions are major
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determinants of both vegetation growth and decomposition rates. Furthermore, soil
C accumulation is not linear over time, and, particularly in higher organic content
soils may show a decline over the first decade or so. Even in mineral soils, organic
C components that accumulated during agricultural cropping may decline after tree
planting, before a net accumulation is subsequently evident (Li et al. 2012).

Land Availability and Land Use Competition

It is evident that for afforestation to make a significant contribution to net GHG
emissions reduction, it requires a land use change, usually from land already in
some form of agricultural management, with the exception of urban greenspace.
While there are many additional benefits of urban woodland creation, net areas are
small and unlikely to have a major effect on GHG balances.

Clearly, there is competition with both arable and pastoral agriculture, given con-
tinuing demand for crops and improved meat and dairy production with a rapidly
increasing global population, and thus increasing commodity prices. Land that is agri-
culturally most productive is unlikely to be available for forestry such that assessing
the potential land resource available for woodland requires ‘constraint mapping’ to
identify suitable areas. Such an assessment might proceed by identifying three broad
categories of land: land that is predominantly not available for woodland expansion due
to physical and biological factors; land that is affected by national designations and
policies which impose varying degrees of constraint on woodland expansion; and the
remainder of the land which has potential for woodland expansion (e.g. WEAG 2012).
Physical and biological suitability can be assessed using GIS. Further constraints
include urban areas, industry and infrastructure, prime agricultural land and existing
woodland. National and international conservation designations that might restrict
woodland creation are national parks, nature reserves, and landscapes with particular aes-
thetic, cultural or heritage characteristics (e.g. World Heritage Sites). Finally, policy and
socio-economic measures (e.g. the EU Common Agricultural Policy) are also critical
in that, for example, government support mechanisms will certainly affect land use
profitability and thus the economic availability of land for afforestation.

A primary constraint for woodland creation presently across much of the temperate
zone is economic. Setting land aside for tree growth usually reduces income compared
to agriculture, and the preparation, planting and establishment costs can usually
only be supported if there is financial assistance through grants. The economics could,
however, be changed dramatically by the establishment of a market for the carbon
sequestered, or by other income, perhaps through ‘payments for ecosystem services’
that could follow from the widespread adoption by government and agencies of this
framework for valuing nature. Such a development would emphasise the co-benefits of
afforestation and woodland creation, for example for biodiversity, nutrient cycling, soil
restoration, in addition to the socio-economic benefits of air and noise pollution
control, recreation opportunities and health benefits. It could also help reconcile poten-
tially conflicting objectives — for example, conservation of particular species requiring
old-growth forest, versus higher CO, sequestration rates from younger forests.
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To preserve tropical forests, woodlands and mangroves for the protection of the
climate system is a gargantuan task. In 2005 the Coalition of Rainfall Nations
introduced the concept of REDD (Reduced Emissions from Deforestation and
Degradation). The idea is that the carbon storage services provided by these high
carbon ecosystems are of benefit to the world as a whole, and therefore those who
have damaged the climate system by emitting greenhouse gases should pay for the
task of protection. This might be done by subscriptions made from rich countries to
a common fund administered by the World Bank, from which payments to the
governments of tropical countries would be made. However, it has proved difficult
to agree on details; moreover, there is a general concern expressed by some environ-
mental groups that such an arrangement effectively passes on the responsibility of
absorbing pollution to the poor countries, which are not large emitters, would be
deeply unethical and impinge on national sovereignty.

5.6 A Multipronged- Approach

It is clear that forests can be used in many ways to mitigate climate change, and it is
possible to indentify a range of actions which are now required as part of a strategy
to reduce the rate at which greenhouse gases accumulate in the atmosphere (Fig. 4).
But the lesson to be learned from a decade of REDD negotiations, and two decades
of the Kyoto Protocol, is that international agreements are not easy to achieve despite
the demonstration that forestry is one of the cheapest and easiest technologies to
reduce GHG’s (Read et al. 2009).

6 Conclusions

(i) The changing climate (warming, decreases and increases in rainfall, increased
overall variability) is likely to impact upon forests and woodlands in different
ways in various regions of the world. The effects are not simple, as they involve
many processes acting upon the physiology of the plants themselves, their pests
and diseases, and the whole ecosystem. Moreover, increasing CO, and enhanced
deposition of nitrogen are likely to affect the responses. In some cases, species
migration to new latitudes and higher altitudes are likely.

(ii)) Known biophysical and biogeochemical feedbacks through exchanges of
energy, water and CO,, mean that land use can affect the climate at large scales.
Model analysis suggests that this effect also varies between geographical regions.
For example the conversion of croplands to forests, or the afforestation of
degraded lands has a larger cooling effect in the tropics than in northern regions.

(iii) Forests are large stores of carbon, and when undisturbed they are also effective
sinks for carbon. Most forests are managed for timber production, and timber
and woodfuel production have GHG emission mitigation benefits, so it is
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Fig. 4 Mechanisms by which forestry can help reduce the rate of climate change

essential to chose the best options for management of forests and their prod-
ucts. We also need to develop silvicultural methods involving less disturbance,
and better use of harvested wood products to maximise forest mitigation of
climate change. Several studies have showed that forestry is one of the most
cost effective methods to capture carbon from the atmosphere.
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